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PREFACE. 


Special  interest  has  always  been  taken  by  man  in  the  structure  and 
development  of  the  minnte  forms  of  life^  whether  animal  or  v^etable : 
in  this  yolnme  I  propose  to  lay  before  the  reader  a  risume  of  the 
present  state  of  our  knowledge  of  the  multitude  of  living  beings  called 
Infusoria.  This  term^  as  employed  by  Professor  Ehbbnbsro  of 
Berlin^  includes  a  wide  range  both  of  animal  and  vegetable  life; 
while  it  is  now  restricted  by  other  naturalists  to  the  Protosoa,  and^ 
in  the  works  recently  commenced  by  Dr.  Stein  and  MM.  Clafari^de 
and  Lachhann^  to  the  ciliated  members  of  that  group. 

The  former  editions  of  this  work  having  included  a  History  of  the 
Badllaria,  Phytosoa^  Protozoa  (under  the  name  Polygastrica)^  and  of 
the  Rotatoria,  it  is  incumbent  on  me  to  retain  these  groups^  though 
the  researches  of  late  years  have  so  extended  our  acquaintance  with 
them  that  much  difficulty  has  been  felt  in  the  attempt  to  comprise 
the  whole  in  a  single  volume^  so  necessary  for  a  practical  manual. 

The  successful  investigation  of  this  department  of  Natural  History 
arose  mainly  from  the  improvement  of  the  microscope  consequent 
upon  the  discoveries  of  ''Test  Objects'^  and  ''penetrating  power/' 
the  latter  depending  upon  "angular  aperture/' — discoveries  which 
my  colleague  the  late  Dr.  Gk>AiNo  and  myself  l\ad  the  pleasure  of 
presenting  to  the  public.  The  microscope^  having  become  thereby  a 
reliable  instrument^  has  revealed  to  us  the  true  forms  and  structure  of 
these  beings. 

Part  I.  is  devoted  to  a  General  History  of  the  several  more  or  less 
natural  groups  of  Infusoria:  it  contains  also  the  observations  and 
opinions  of  British  and  Continental  naturalists  on  their  nature^ 
structure^  functions^  and  classification.  The  foreign  writings  on 
these  subjects  are  so  voluminous  that  even  an  abstract  of  them  has 
increased  this  part  of  the  work  much  beyond  what  it  occupied  in 
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former  editions^  while  the  introduction  of  the  Tables  from  Port  II. 
has  further  extended  it;  but^  as  I  have  been  anxious  to  give  an 
impartial  account  of  the  researches  on  this  subject^  a  briefer  summary 
might  have  impaired  its  usefulness  and  value.  To  Dr.  Ablidoe  is 
due  the  rearrangement  and  preparation  of  this  part. 

Part  II.  contains  descriptions  of  the  Families^  Genera,  and  Species 
of  the  groups  whose  general  history  forms  the  subject  of  the  preceding 
part  of  this  volume.  The  systematic  arrangement  of  Ehrenbei^  has 
been  retained  for  the  Phytozoa,  Protozoa,  and  Rotatoria,  the  new 
genera  and  species  of  other  naturalists  being  collated  and  engrafted 
thereon.  The  descriptions  of  those  curious  and  highly-organised 
creatures  the  Rotatoria  have  been  extended  and  revised  by  Professor 
Williamson  of  Manchester,  whose  original  researches  and  obaerva- 
tions  on  this  group  are  greatly  appreciated,  both  in  this  country  and 
abroad. 

In  consequence  of  the  long  illness  of  Mr.  Ralfs,  who  had  under- 
taken  the  revision  of  the  Badllaria,  the  publication  of  this  edition  has 
been  delayed,  and  that  group  has  been  printed  last — a  deviation  firom 
the  original  design  which  it  is  hoped  will  not  inconvenience  the 
reader,  while  it  has  allowed  opportunity  for  the  insertion  of  the  latest 
researches.  Owing  to  the  circumstance  stated  above,  the  revision  of 
the  Systematic  History  of  the  Family  or  Subgroup  Desmidiacese  has 
been  kindly  carried  out  by  Mr.  William  Archer  of  Dublin,  who  has 
added  some  original  views,  expressing  by  symbols  the  characters  of 
certain  genera ;  moreover,  M.  de  Brebisson  of  Falaise  has  given  this 
edition  the  benefit  of  his  valuable  co-operation,  by  furnishing  descrip- 
tions of  the  newly-discovered  foreign  species. 

The  elegance  and  variety  of  the  forms,  the  beauty  and  elaborate 
sculpturing  of  the  siliciouB  shells  of  the  Diatomacese,  and  the  general 
interest  now  taken  in  their  study,  rendered  it  desirable  to  bring  together 
in  this  volume  all  the  known  genera  and  species,  British  and  foreign. 
This  I  have  been  able  to  eflfect  by  the  research  of  Mr.  Raljps,  whose 
name  is  so  intimately  identified  with  the  knowledge  of  these  organisms, 
and  whose  present  arrangement  of  their  families  and  genera  will  no 
doubt  tend  to  facilitate  our  better  acquaintance  with  them.  Owing  to 
the  great  dimensions  which  this  treatise  has  acquired,  and  the  limited 
space  consequently  at  command,  I  was-  under  the  necessity  of  con- 
densing the  manuscript  of  Mr.  Ralfs,  and  of  introducing  abbrcvi- 
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ations.  Still  I  haye^  in  aoooidaiioe  with  my  (nrigiiud  dengn^  giyen 
erery  known  specific  name^  whether  synonym  or  Tsrietyj  whereby 
observers  may  ayoid  oonfiision  in  the  nomendature  by  not  employing 
the  same  names  for  newly-discovered  forms.  The  references  now 
introduced  are  to  works  published  subsequently  to  the  early  editions 
€i  tiiis  book :  for  their  verification  I  am  indebted  to  Mr.  Kitton 
rf  Norwich, 

Twenty-one  new  Plates  have  been  added  to  this  edition^  <rf  which 
ox  are  engraved  by  Mr.  Tuvfen  West.  In  the  case  of  the  Diatoms, 
an  the  new  figures  are  drawn  to  one  scale,  representing  a  magnifying 
power  of  300  diameters;  many  of  them  likewise  are  drawn  from 
qiecimens,  whilst  others  are  engraved  from  original  drawings  kindly 
lent  by  Mr.  Geobos  Norman  of  Hull,  Mr.  Sopbb  of  Clapton,  and 
Ur.  BaioHTWBUL  <rf  Norwich. 

It  now  becomes  my  pleasing  duty  to  adcnowledge  the  kind  assist- 
ance received  from  the  late  Professors  Obegobt  of  Edinbui^h  and 
Bailet  of  New  York;  also  to  tender  to  Drs.  Donkin,  Obbville, 
Yraxcis,  Waixich,  Stbethill  Wbioht,  and  Mr.  Oosss,  along  with 
the  gentlemen  before  named,  my  best  thanks  for  their  aid  and  advice 
during  the  progress  <rf  this  laborious  undertaking. 

In  conclusion,  should  the  object  proposed  in  the  reissue  of  this 
woj^  be  attained,  viz.  to  produce  in  a  single  volume  a  compendium 
of  the  present  state  of  knowledge,  calculated  to  promote  and  fiicilitate 
die  study  of  the  very  interesting  branch  of  Natural  History  which 
fonns  its  sabject,  and  which  has  occupied  mudi  <rf  my  leisure  time 
fcnr  more  than  forty  years,  I  shall  be  fiiUy  content. 


ANDREW  PBITCHARD. 


Canonbiny,  London^  N. 
NoTember  16,  186a 
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ERRATA,    ETC. 

Bige   10,  line  8  trcfm  bottom,  dele  See  Appendix  at  end. 

—  218,  line  7  from  top,  for  Forum  miffem  read  Foraminifera. 

—  243,  line  7  from  bottom,  for  peuliarity  read  pecoliarity. 

—  253,  hue  3  from  top,  for  Aotmophrgs  read  Astinophrys. 

—  250,  Kne  4  from  bottom, /or  XylILrea<iXXIlI. 

~  316,  line  6  from  bottom,  for  Leockhart  read  Leockart 

—  324,  hne  14  from  bottom,  for  Wagener  read  Wagner. 

—  470,  hne  7  from  top, /or  1866  reoi  1858. 

—  535,  line  5  from  bottom,  (^fter  figured,  insert  subsequently. 

—  726,  coL  2,  line  20  fri)m  bottom,  insert  segment  3-lobed,  otfore  lateral  lobes. 

—  726,  ooL  2,  Hne  11  from  bottom,  for  side  read  sides. 

—  729,  coL  2,  line  25  from  bottom,  dele  oonmma  after  surfiMe,  and  insert  after  middle. 

—  732,  coL  2,  line  22  fii)m  bottom, /or  finely  rearf  finally. 

—  735,  insert  **  0.  aeiciUare  (West).— Elon^Ued,  resry  slender,  straight,  except  at  extre- 

mities." 

—  741,  coL  2,  transpose  reference  to  figure  from  SL  globulatwn  to  S.  bacillare, 

—  744,  ooL  2,  line  34,  for  foradoxum  read  tetracerum, 

—  753,  Hne  18  from  top,^  Pediaslrium  read  Pediastrum. 

—  758,  line  6  fitmi  bottom,  <29/;s  Synedrev.    (iSMp.940.) 

—  760,  coL  1,  line  28,  qfter  capitate,  insert  striie. 

—  761,  coL  1,  line  4  from  bottom,  for  159  read  156,  and  insert  n.  1-8. 

—  764,  ybr  E.  Terra  rAuf  £.  Serra. 

—  765,  ooL  2,  line  2  from  bottom, />r  Argus  reodfArcus. 

—  768,  o/^  Genus  Oncosphenia,  insert  Genus  Fodosphenia  from  p.  769. 

—  771,  coL  1,  line  14,  for  broadly  read  loosely. 

—  772,  coL  2,  line  6  fiim  bottom, /or  pear-like  read  pearl-like. 

—  773,  ooL  1,  line  10  from  bottom,  yor  m.  read  xm. 

—  774,  coL  1,  line  6,  insert  (ly.  32.) 

—  775,  ^ron^postf  Odontidium mesodon  ^ «9u2 O.  hyemale oii;^ 

—  'ndtfoT**0,pinnaitm"nadpnmulatitm, 
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XU  EBBATA,  ETC. 

Pag©  777,  end  of  F.  virescenSf  iniert  (n.  176.) 

—  778,  line  6,  defter  Balfs,  in$ert . — 

—  779,  brfore  Qenus  NitEsofaia,  ifuert  Fam.  characters  of  Sorirellev  from  p.  783 ;  and  see 

^0^,  p.940. 

—  781,  001.1,  line  2  from  bottom, /or  20  rM<;  21. 

—  783,001.1,  line  12, /or  22  r«w?  23. 

—  784,  ooL  1,  line  5  from  bottom,  for  2,  3;  read  24. 

—  784,  col.  2,  line  22  frt)m  bottom, /or  19  f#a<i  20. 

—  786,  S.  pulchella,  fw«r^  (iv.  28.) 

—  789,  S.  fulgens,  twacr^  (xni.  20.) 

—  791,  ool.  1,  line  2,  for  ivni.  read  viri. 

—  796,  S.  utriatula,  intert  (ix.  137,  138.) 

—  798,  ool.  1.  line  24,  for  diyiduate  read  dimidiato. 

—  799,  ool.  1,  line  21  from  bottom,  for  magnificent  read  marginal. 

—  802,  ooL  2,  line  14,  for  xr.  read  zu. ;  Ime  29,  for  zr.  read  zn. ;  last  figure,  fi^r  56 

read  50, 

—  806,  Gk)mphoeramma  rapestre,  inseri  (ly.  46.) 

—  806,  Tetraqjdus  lacustris,  ineert  (yiil  10.) 

—  809,  Gephyria  incuryata,  insert  (y.  50.) 

—  809,  Gephyria  media,  insert  (v.  49.) 

—  809,  Eupleuria  pulchella,  insert  (vin.  2.) 

—  812,  for  C.  undulata  read  C.  undata. 

—  821,  coL  2,  line  6,  after  ockraceOy  insert  (Balfr)  from  next  line ;  and  after  ferrugtnea 

insert  (Ehr.). 

—  836,  col.  2,  line  8  from  bottom,  for  z.  read  zi. 

—  844,  A.  Kittoni,  «w«r^  (viii.  24.) 

—  851,  col.  1,  line  17  frt>m  bottom,  for  nervosa  read  emerms, 

—  863,  Didadia  Capreolos,  insert  (vi.  28.) 

—  875,  Cymbella  Arcus,  insert  (vii.  78.) 

—  891,  coL  1,  line  2  from  bottom,  for  zil  read  zi. 

—  893,  for  "  N.  dissimais  (Rah.)  "  read  "  N.  dep^/dra  (Balfr).** 

—  903,  for  "N.j>rorft«?te"  read  "N.«rfew«a." 

—  911,  S.  Fubnen  (Breb.),  read  *'  S.  Fulmen  (Bri),"  and  insert  that  species  after  S.  eon- 

striata, 

—  923,  coL  1,  last  line,  for  (yni.  43.)  read  (viii.  48.) 

—  929,  coL  1,  top  line,  for  octocarpoides  read  ectocarpoides. 

—  938,  coL  1,  line  9,  for  "  C.  radiata  "  read  "  C.  sMorum,** 

—  941,  Actinoptychus  Jupiter,  now  Actinocydus  £hrenberffiL 

—  962,  in  description  of  Platm  VII.,  insert  "  78.  Cymbella  Arcus,  to  right  of  fig.  42. 

79.  Amphora  monilifera,  to  right  of  fig.  49.''     [Note.   The  engrayer  has  omitted 
the  numbers  to  these  two  figures  in  that  Plato.] 
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PART  I. 
A  GENERAL  HISTORY  OF  INFUSORIA. 


Sect.  I.— OF  THE  BACILLARIA- 

UiTDBE  this  designation,  oontrived  by  Ehrenbeig,  two  families  of  microscopic 
unicelhilar  Algae  are  comprehended,  viz.  the  DssiODiSiB  and  the  Diatomsjb. 

The  Diatomeae  differ  from  the  Desmidieae  chiefly  by  their  dense  silioions 
enyelope,  composed  of  two  opposite  portions  or  Tidves  and  of  an  interposed 
segment,  and  by  the  general  absence  of  the  usual  green  colouring  matter  of 
ldant8---chlQrophyll  or  chromule.  The  Desmidieae,  on  the  contraiy,  have  a 
non-edhdous  envelope,  separable  into  two  s^^nents,  and  filled  with  bright 
grasB-green  chromule.  In  various  Tital  phenomena  the  two  tribes  accord ; 
hot  whilst  the  Desmidieae  are  all  but  universally  admitted  to  be  plants,  the 
Biatomee  are  stall  regarded  by  many  to  be  of  an  animal  nature.  With  respect 
to  this  question,  the  arguments  pro  and  eon.  will  be  best  understood  when 
the  orgaiuzation  and  vilal  endowments  of  these  beings  have  been  discussed* 

L—OF  THE  FAMILY  DESMIDIEM  OE  DESMIDIACiLfi. 
(Plates  I.  n.  in.  and  XVI.) 

Hie  Desmidieae  are  (pseudo-)unicelluIar  Algae  of  a  herbaceous  green  colour, 
of  freshwater  habit,  and  have  a  membranous  lorica  composed  of  two  symme- 
trical s^^mentB  or  vadves.  In  Kiitzing's  arrangement  (J^.Alg.),  the  Deeonidieae 
oonstitute  a  fiEunily  <^  the  Chamaephyceae,  a  suborder  of  the  dass  Isocarpeae. 
Ehrenberg  treated  the  genus  Cloiterium  as  a  distinct  family,  which  he  placed 
between  the  Yibrionia  and  Astasiaea,  with  the  name  Clostcaina. 

That  the  Desmidieae  are  actually  unicellular  (in  the  sense  of  forming  a 
angle  endbsed  cavity),  Hr.  Balfis  has,  in  his  most  valuable  monograph  on  the 
fiumly  (1848),  taken  much  pains  to  demonstrate.  Owing  to  the  very  deep 
constriction  of  the  fronds  of  many  genera,  e,  g.  of  Euastrum  and  Micrasterioi, 
^  appearance  of  the  little  organism  is  that  of  two  cells  united  by  a  nanrow 
band  (1. 1,  2,  24,  26,  27;  n.  18,  28),  forming,  in  Ehrenbeig's  opinion,  a 
binaiy  cell  or  firustule.  However,  between  such  deeply  partite  forms,  and 
others  in  which  no  constriction  is  perceptible,  for  instance  in  Cloiterium, 
every  intermediate  gradation  is  met  with.  Other  evidence  of  the  unicellular 
structure  is  afforded  by  the  phenomena  of  conjugation  and  of  the  formation 
of  sporangia,  by  the  newly-formed  segments  resulting  from  self-fission  being 
interposed  between  the  old  valves,  and  by  the  fact  that  the  entire  contents 
win  escape  through  an  opening  made  in  either  valve.  Moreover,  in  several 
genera  tibe  circulation  of  portions  of  the  contents  throughout  the  frond,  frx>m 
one  segment  to  tiie  other,  clearly  demonstrates  the  continuity  of  their  interior. 

FieuBB. — ^There  is  great  variety  in  the  figure  of  Desmidieae,  and  much 
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2  QSNEBAL  HIKTOBT  OP  TH£  INFTJSOBIA. 

beauty.  This  will  be  best  illustrated  by  reference  to  the  Plates  I.  and  11. ;  for 
description  alone  would  fail  to  convey  even  a  tolerably  accurate  conception. 
In  Micrasterias  (I.  18,  20, 21)  the  frustule  has  a  general  circular  outline,  but 
is  bipartite  and  variously  cut.  In  Euastrum  (I.  23,  24,  26;  11.  10)  it  is 
bipartite,  and  each  valve  deeply  sinuated.  In  many  species  of  Cosmaritan 
(1. 1,  2 ;  n.  33)  the  constriction  is  much  shallower,  the  valves  hemispherical, 
and  their  margin  entire.  In  Staurastrum  (1. 31-34 ;  11. 3,  7)  each  segment 
is  more  or  less  irregularly  produced  at  the  extremities  into  horn-like  pro- 
causes.  In  Penium,  Doeidium,  and  Closterivm  (11.  1,  2,  9, 14)  the  frond  is 
elongated  and  wand-Hke,  without  constriction,  or  with  only  a  very  faint  one^ 
and  in  many  species  is,  moreover,  curved  or  crescentic.  Not  a  few  genera 
present  numerous  fronds  united  together ;  the  outline  of  the  compound  being 
will  consequently  vary,  both  according  to  the  figure  of  each  individual  frond, 
and  especially  to  the  mode  in  which  the  several  fronds  are  united.  Thus  in 
ffyahtheca,  Desmidivm,  and  other  genera  (11.  36,  37,  39),  the  quadrate 
frondB  are  united  side  by  side  in  single  series,  so  as  to  form  a  chain  or 
filament,  in  other  words  are  concatenated. 

The  lateral  view  or  cross-section  of  the  fronds  frimishes  valuable  characters, 
and  is  largely  made  use  of  by  Mr.  Balfs  vdth  that  object,  espedally  to  distin- 
guish between  the  several  filamentary  species.  His  figures  show  that  the 
fronds  may  be  more  or  less  compressed,  and  consequently  offer  on  a  transverse 
section  (end  view)  an  oval  and  more  or  less  acuminate  form  (I.  25 ;  11.  23, 
29),  further  modified  by  the  elevations  and  depressions  which  the  sur&ces 
possess  (I.  25 ;  11.  23).  In  other  cases  the  section  is  circular,  e.  g.  in  ffva^ 
loiheea  and  Didymoprium  (11.  32,  38),  whilst  in  others,  again,  three  or  K>ur 
sides  exist  whidi  are  commonly  concave,  as  in  Desmiditim  (II.  40). 

The  end  view  exhibits  the  arrangement  of  the  mass  of  chlorophyll,  which 
in  some  instances  would  appear  to  be  peculiar  and  determinate  of  spedee. 

The  appearance  of  the  Desmidieffi  is  much  modified  by  the  sinuositiee, 
eminences,  depressions,  and  processes,  as  weU  of  the  surface  as  of  the  margin 
of  the  fronds,  and  also  by  the  depth  and  width  of  the  central  constriction. 
The  surface  may  be  dotted  over  irr^ularly,  or  more  often  regularly :  the  dots 
themselves  are  in  most  cases  elevated  points,  and  in  fewer  instances  depressions. 
An  irregular  distribution  of  minute  dots  produces  a  granular-looking  surface 
(I.  24 ;  n.  23,  30).  Where  the  spots  are  larger  their  elevated  character 
becomes  evident  on  the  margin,  to  which  they  give  a  fibnely-toothed  or  dentate 
appearance,  e.  g.  in  Cosmariwn  (I.  1,  2,  3).  In  some  elongated  forms,  such 
as  Tetmemorm  and  Peniwn  (11.  15),  the  puncta  are  disposed  in  lines  parallel 
to  the  length :  in  Doeidium,  however,  the  disposition,  so  far  as  regular,  is 
transverse.  In  several  examples  the  surface  is  marked  by  elevated  lines  or 
by  furrows  (11.  6).  Such  markings  seem  peculiar  to  the  elongated  genera, 
particularly  to  Clostermm, 

Many  apparent  lines  are  resolvable  by  higher  magnifying  powers  into  rows 
of  puncta.  Where  the  lines  are  fine,  they  are  said  to  produce  a  striation  of 
the  surface,  as  in  Closterivm  attenuatum  and  C  oMrosvim ;  where  they  are 
more  distinct  they  are  termed  coetae,  and  the  surface  they  cover  is  costate  or 
ribbed,  as  in  Closterivm  eostatum  and  C.  angustatum,  Ixi  general,  in  order 
to  discover  the  striation  of  the  surface,  the  fronds  must  be  viewed  when 
empty ;  sometimes  indeed  the  lines  can  be  made  out  at  the  extremities  which 
are  unoccupied  by  chlorophyll. 

The  striflB  and  costsB  of  Closterium  and  Penium  referred  to  are  disposed 
longitudinally,  but  frequently  they  are  intersected  at  one  or  more  points  by  a 
transverse  Ime.  In  &ese  spindle-shaped  genera,  where  no  constriction  is 
found,  one  such  transverse  line,  usually  central,  is  constant,  and  indicates 
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the  point  of  aeparatioii  into  two  Talves  (II.  1^  2,  9).  Each  valve  again  is 
oeeanonally  sabdivided  by  another  line  (II.  6,  15).  These  lines  may  be 
BD^  or  double^  and  in  the  case  of  the  middle  suture  their  number  may  be 
more  multiplied,  as  in  ChsUrvmn  limatwm  and  O,  Ealfiii,  The  median 
sntnial  line  is  evident  in  other  genera,  e.  g,  in  ffyalotheea,  Co$marium,  and 
^mufmin  (11.  35).  In  several  it  takes  on  a  farther  development,  and 
beeomee  an  elevated  ridge  or  band,  appearing,  in  a  front  view,  as  a  double 
hne,  terminating  on  each  margin  in  a  dentation.  Instances  occur  in  DodcUum 
and  in  Didymopiium  (IL  9,  39).  Such  double  lines  are  also  sometimes  met 
with  on  each  side  the  median  suture,  and  at  others,  among  the  concatenate 
farms,  at  the  junction-surfEices  of  connected  fronds. 

niat  the  dots  or  puncta  on  the  sui&ce  of  the  frustules  are  commonly  small 
devatiouB  has  already  been  stated;  a  frirther  development  of  sudi  into 
papille  or  minute  spines  crowned  by  a  globular  apex  is  seen  in  Micrastenai 
fOfiUifera ;  whilst  in  many  Cosmaria  and  Stcmrastra^  the  edge  or  the  entire 
sorfiftoe  is  bedecked  by  fine  hair-like  spines  or  by  obtuse  ones,  looking  on  the 
margin  like  crenations  (I.  I,  2,  3).  When  short  and  stout,  many  elevated 
proeeases  of  the  surfiEu»  are  called  tubercles  (II.  16, 17) ;  when  long  and 
tigering,  they  constitute  spines,  and  in  this  form  may  be  either  straight  or 
emred:  such  are  especially  produced  from  the  angles  of  the  fronds,  as  in 
Arikrx>d€tmus  (11.  18,  28).  Among  the  Staurattra,  illustrations  of  forked 
spines  (11.  3,  j^  are  found ;  whilst  among  sporangia  of  many  species,  spinous 
processes,  besides  taberdes  and  other  appendages,  are  highly  devebped  (II. 
22,  25,  34)  and  attain  their  most  complex  conditions. 

The  modification  of  surface  in  several  genera  seems  due,  not  to  mere  simple 
appendages,  but  to  positive  expansions  ^  the  limiting  membrane  itself  into 
^iek  processes,  which  in  their  turn  usually  end  in  spines ;  instances  occur 
in  Xmdkidwm  and  Stawrattrvm  (I.  27,  28;  H.  3,  7,  20,  25).  Generally 
these  large  productions  from  the  surface  occupy  constant  and  definite  positions, 
sndi  m  the  extremities,  the  roonded  angles  of  the  fronds,  or  a  maigin,  and 
are  rmrdy  indiiferentiy  placed.  A  genial  distribution  over  the  surfSace  is 
rrther  characteristic  of  XcmMdiwn  (I.  27,  28).  In  Euastrum  the  surfistce  is 
thrown  into  very  broad  round  swellings,  hence  called  inflations ;  such  may  be 
presomed  to  be  constant  in  number  and  position  (I.  24,  II.  30,  the  empty 
Cfided  fronds). 

Tbe  maigin  of  the  more  flattened,  and  the  extremities  of  the  elongated,  spe- 
cies famish  important  spedfio  and  generic  characters.  Ji^^a$terias  has  its 
■azgin  doegtj  incised  into  lobes  (1. 18, 20, 21, 22),  which,  with  reference  to  the 
eentie  ^  the  frond,  have  a  radiating  arrangement,  and  are  themselves  indsed 
sr  iaeiao-dentate.  The  fronds  of  Ewutnum  are  more  or  less  deeply  sinuated 
(L  23,  24,  26;  IE.  10),  and  the  intermediate  lobes  produced  vary  both  in 
diimiBonB  and  outline.  Where  the  lobes  on  the  margin  of  fronds  are  small 
and  little  ptominent,  t|iey  ccmstitote  crenations  and  dentations  which  may 
eeeur  siogly  ot  in  pairs ;  in  the  latter  case,  the  maj^  so  modified  is  said  to 
be  UdflBtate  (a  bicrenate  (1. 1,  2,  3;  11.  31,  2^^  37).  Per  example,  some 
flrands  of  Emagbrwn  hifMtum  are  Mcrenate  on  the  sides,  and  those  of  DiAy^ 
■tprwiw  at  the  angles  of  the  filaments  (11.  39),  whilst  bidentate  frostules 
are  seen  in  Demmdium  (11. 37),  and  in  ffyaloihsca  mucosa.  It  has  been 
beiote  remarked  that  when  the  surfiEu»  is  covered  by  tubercular  eminences 
«r  corneal  granules,  a  dentate  outline  is  produced;  instances  of  this  occur  in 
rum  verrueatmn  and  in  several  Co$maria.  Another  variety  of  margin 
,  known  by  the  tenn  undulated  or  wavy,  where  its  elevations  and  de- 
ns, are  comparatively  shaUow.  Lastiy,  the  general  concavity  or  the 
conyexity  of  the  margin  fdrnishes  other  specific  characteristics. 

B  2 
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Among  the  variatioiis  in  the  ends  of  the  fdaijfonn  or  elongated  genera  may 
be  noticed  the  notched  or  emarginate  apices  of  Tetmemorus  (II.  12);  tl^ 
tnmcate  extremities  of  Docidium  (11.  9,  10),  sometimes  also,  as  in  2>. 
EhrenbergU,  tnbercnlate;  and  the  more  or  less  acutely  conical  apices  of 
Olost&rivm,  prolonged  in  some  species,  as  in  C  attenuatum,  by  an  abrapt 
contraction  of  the  frond  into  a  conical  process — in  others,  as  in  <7.  setaeeum 
and  C  rostraium,  by  the  gradual  tapering  of  the  whole  frond — ^into  long 
rostrate  or  setaceous  beaks. 

CoLouB. — ^This  is  due  to  the  endochrome  or  internal  substance,  which  is 
usually  of  a  herbaceous  green  colour,  and  often  difPused  pretty  uniformly 
throughout  the  fronds,  sometimes  however  leaving  intervals  at  which  the 
enclosing  membrane  (lorica,  Ehr,)  becomes  visible.  This  lorica  is  itself 
mostly  colourless ;  yet  in  several  species  of  CJosterium  and  Peniwm  it  has  a 
reddish-brown  tint  (11. 5,  6, 15).  The  green  colouring  matter  of  the  interior 
is  identical  with  that  of  plants,  t.  e.  it  is  chlorophyll  or  chromule,  and  con- 
sequently undergoes  a  change  of  colour  in  autumn,  becoming,  like  the  leaves 
of  plants  at  that  season,  a  reddish-brown.  When  this  change  occurs,  it  is 
equally  indicative  of  the  termination  of  life. 

CoNsisTEKCE. — ^EirvELOPES. — ^Tho  limiting  membrane  of  DesmidiaoeiB  is 
firm,  though  flexible ;  it  exhibits  some  elasticity  and  considerable  resistance 
to  pressure,  is  not  brittle,  and  not  readily  decomposable.  Traces  of  silica  are 
found  in  a  few  species,  but  not,  says  Mr.  Ealfe,  "  in  sufficient  quantity  to 
interfere  with  their  flexibility.''  It  is  lined  by  a  softer  flexible  membrane ; 
and  besides  this,  the  Desmidiess  generally  have  an  external  mucous  or  gela^ 
tinous  covering,  mostly  so  transparent  and  homogeneous  as  to  be  overlooked. 
To  bring  it  into  view,  it  is  a  common  plan  to  add  some  colouring  matter  to 
the  water  in  which  the  organism  is  viewed ;  but  good  manipulation  with  a 
high  power  will  frequently  succeed  without  recourse  to  this  expedient  to 
demonstrate  it.  The  particles  of  colour  diflEused  about  the  frx>nd,  and  indeed 
any  external  bodies,  such  as  small  vegetable  ceUs,  are  seen,  not  in  contact 
with  the  fronds,  as  they  would  often  be  if  these  were  naked,  but  kept  at  a 
distance  corresponding  with  the  widUi  of  the  hyaline  envelope  (1. 15 ;  II.  35). 
In  Didymoprivm  OrevUM  and  Staurastrum  tumidum  the  mucous  sheath  is 
distinct  and  well  defined ;  *'  in  others  (to  quote  Hr.  Ral&)  it  is  more  atte- 
nuated . . . . ,  and,  in  general,  its  quantity  is  merely  sufficient  to  hold  the 
fh>nd8  together  in  a  kind  of  filmy  cloud  which  is  dispersed  by  the  slightest 
touch.  When  they  are  left  exposed  by  tiie  evaporation  of  ijie  water,  this 
^ucus  becomes  denser,  and  is  apparently  secreted  in  larger  quantities  to 
protect  them  from  the  effects  of  drought.'' 

The  lining  or  the  primordial  membrane  of  the  firm  lorica  is  thin,  colourless, 
and  highly  elastic,  and  alters  its  contour  with  the  varying  movements  of  the 
endochrome  which  it  immediately  invests.  It  is  in  contact  with  the  outer 
case  only  at  some  points,  mostly  about  the  centre,  and  being  elsewhere  fr^ee, 
an  inteiral  exists  between  the  two  envelopes.  This  elastic  lining  is  acted  on 
by  various  chemical  reagents ;  for  instance,  it  is  contracted  or  corrugated  by 
iodine  and  by  adds. 

Ofevikos  IK  LoBiCA. — Openings  have  been  represented  by  several  writers 
in  the  firm  envelopes  of  DesmidieiB,  and  more  particularly  in  those  of  Olcs-^ 
terium,  Ehrenberg,  for  instance,  stated  that  apertures  existed  at  the  extre- 
mities, through  which  soft,  very  short,  and  conical  transparent  papallse 
slightly  protruded  to  serve  as  locomotive  organs.  Both  Mr.  Yarley  and  Mr. 
Dalrymple  also  described  terminal  orifices,  closed  within,  however,  by  a  mem- 
branous envelope ;  but  neither  they  nor  any  other  observers  have  detected 
the  papilla-Hke  locomotive  organs  Ehrenberg  represented.     "  In  no  instance 


Digitized  by  VjOOQ IC 


OF  THB  jaaODJEM,  9 

(Mr.  BaUb  says)  can  any  portion  <^  the  oontentB  of  the  cdl  be  forced  oat  from 
the  eztremiliee."  More  recently  the  belief  in  terminal  apertures  has  been 
lemed  by  the  paWahed  researches  of  the  Bev.  Mr.  Osl^me  and  others 
(/.  M.  S.),  who  afSirm,  that  not  only  the  enter  hard  case,  but  also  the  mem- 
hnnoos  Hning  is  penetrated  by  foramina,  through  which  water  enters  from 
vithoot  into  the  cavity  of  the  firond.  Another  writer  in  the  Mic,  Joum.,  Dr. 
Wii^t,  describes,  in  a  specimen  of  ClosUrivm  didymoticum,  certain  circular 
nazkin^B,  consisting  of  two  concentric  rings,  as  apertures  penetrating  **  both 
kyeiB  of  the  inTesting  membrane  at  irr^^olar  intervals :"  yet  neither  the 
diaiaeter  of  these  circular  bodies,  as  represented  by  their  observer,  nor  their 
inegular  distzibation,  countenances  such  a  notion,  and  the  appeal  he  makes 
to  Mr.  Balfs's  figures,  instead  of  aidiog  his  aigument,  is  totally  subversive  of 
it ;  for  althoQ^,  in  Uie  fronds  of  Closierium  didymoticum  and  of  C,  Balfiiif 
HMDe  laige  ^oboles  are  distinguishable,  these  are  in  single  linear  series  in  a 
definite  and  constant  position,  except  when  disturbed  from  it  by  the  death  of 
the  plants  or  by  its  exhaustion  by  parasitic  growths  upon  it,  and  clearly  are 
not  apertoreB.  Besides,  any  such  ^obules  are  sought  in  vain  when  the  frx>nd 
is  enipty,  as  Mr.  Bal&  distinctly  shows  by  his  figures ;  whereas  if  they  were 
•peoingB,  tbey  would  then  be  more  evident  than  when  the  frustule  is  filled 
with  its  endochrome.  Mr.  Wenham  (J.  M,  8.  1856,  p.  159)  has  been  un- 
able to  confirm  the  presence  of  apertures,  and  writes — "  It  may  be  assumed 
tiiat  if  such  an  opening  existed  it  would  have  something  like  a  structural 
■aigiA  of  soch  a  size  as  to  allow  its  position  at  least  to  be  visible  under  the 
■icroseope,  but  not  the  slightest  br^  can  be  observed  in  the  laminated 
rtraetue  that  the  thickened  ends  display." 

MofEnmiB  Asn  Exxebval  CnjA. — ^By  continued  observation  the  Desmidies 
are  seen  to  move  very  sbwly  onwards,  or  with  an  oscillating  movement 
backwards  and  forwards.  This  phenomenon  is  most  notable  in  the  long 
ipiadle-ahaped  frxmds  of  the  genus  Olosterium ;  in  others  it  is  scarcely,  in 
■any  not  at  all,  cognizable.  Ehrenbeig  having  persuaded  himself  of  tbe 
eiiBtaiee  oi  pedal  organs  or  papiUoB  at  the  extremities  of  the  fronds  of  Olos- 
immm^  found  no  difficulty  in  explaining  their  locomotion;  but  other  observers, 
who  deny  the  presence  of  sudi  organs,  have  been  compelled  to  seek  some 
other  explanation  of  the  subject.  Some  have  referred  the  locomotion  to  the 
iBfiaoMe  of  the  vital  acts  taking  place  within  the  organism,  to  the  extri- 
cation  of  gas,  &c ;  others  again,  jmrticularly  of  late,  have  attributed  it  to 
Ae  presence  of  cilia  covering  the  surface.  This  latter  hypothesis  is  sup- 
ported chiefiy  by  the  Bev.  Mr.  Osborne  and  Mr.  Jabez  Hogg,  who  represent 
these  oigans  as  covering  the  fronds  <^  Chttervum^  of  Stawnutrum^  and  of 
idler  DesmidiesB  (see  page  7,  on  the  Circulation).  Mr.  Wenham  has 
sovght  dlia  in  vain,  and  attributes  the  supposition  of  their  existence  to  an 
optical  iUnsion*  Powerfbl  oblique  sunlight,  which  is  found  necessary  to 
diiplay  the  af^Muent  ciliary  movement,  this  observer  remarks,  *^  causes  a 
refraetivB  atom  to  vp^eax  elongated  as  a  ray  or  line  • . . . ,  and  this  line  also 
to  i^ypear  to  extend  over  the  boundary  of  a  cell-wall  or  other  adjoining  body: 
aBodier  cause  <^  deception  arises  from  a  large  angle  of  aperture."  l^e  pos- 
■bflity  of  such  errors  he  illustrates  by  reference  to  the  circulation  as  seen 
in  AMuharii,  In  those  fronds  invested  with  a  mucous  sheath,  dlia  on  the 
•ai&oe  of  the  lorica  could  poform  no  locomotive  function,  and  therefore  can 
•careely  be  sopposed  present.  likewiBO  in  the  concatenated  species  they 
cannot  be  looked  for,  since  any  movements  they  possess  are  of  that  general 
sort  seen  in  other  filiform  Algse,  springing  from  vital  action  under  the 
iBftneooeofh^t. 

Apart  from  this  inconsiderable  movement,  seen  under  the  microscope,  the 
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Besmidiese  are  known  to  move  through  considerable  spaces.  They  travel 
towards  the  light;  appear  on  the  side  of  the  vessel  on  which  the  light  falls^ 
or  rise  to  the  surface  and  form  a  pellicle  upon  it.  These,  aud  the  aoalogoua 
fietot  of  their  penetrating  to  the  surface  of  mud  in  which  they  have  been 
imbedded,  when  exposed  to  light,  are  phenomena  common  to  the  Desmidie» 
with  other  Algee.  "Another  proof  (writes  Mr.  Ealfe)  of  their  power  of 
locomotion  is  i^orded  by  their  retiring  in  some  instances  beneath  the  surface 
when  the  pools  dry  up,"  a  phenomenon  witnessed  also  in  the  case  of  other 
plants.  Braun  (22. 8,  p.  203)  casually  refers  to  this  kind  of  motion,  dependent 
on  the  resumption  of  vital  action.  The  Peniwn  cu/rUmn  {Cosmarium  curtwm; 
Balfis),  which  grows  "  in  rain-pools  which  are  alternately  quickly  filled  and 
dried  up  in  the  changes  of  the  weather,  ascends  from  the  muddy  bottom, 
when  the  pools  fill,  in  the  form  of  beautiful  bright  green  clouds,  produced 
by  the  sooal  growth  and  the  very  fluid,  widely-extended  gelatinous  invest- 
ment of  the  cells."  The  movement  of  this  plant,  it  is  added,  is  more  active 
and  more  regular  than  that  of  other  Desmidiese,  and  "  it  is  a  remarkable 
sight  to  behold  all  the  individuals  in  a  dish  of  water  in  a  short  time  turn 
their  long  axes  towards  the  light,  and  thus  arrange  themselves  in  beautiful 
streaks  in  the  gelatinous  mass.  Observation  likewise  shows  that  it  is  the 
younger  half  of  the  cell,  distinguishable  as  such  i(x  a  long  time  after  division^ 
which  here  turns  towards  the  light." 

CoNTBirrs  OF  Ebovds. — ^The  contents  of  the  fronds  or  frustules  of  Desmidiece 
are  designate  generally  by  the  name  of  Endoehrwne.  This  endoohrome,  we 
have  alroady  remarked,  is  of  a  grass-green  colour,  and  contained  in  a  proper' 
sac  lining  the  denser  lorica.  It  is  not  homogeneous,  but  presents  numerous 
globules,  small  vesicles,  and  many  refracting  corpuscles;  it  is  commonly 
not  uniformly  dif^ised,  but  collected  in  a  definite  manner,  and  it  either  com* 
pletely  fills  its  sac  or  leaves  it  unoccupied  at  parts,  which  not  seldom  are 
constant  in  position  aud  aspect.  The  appearance  of  the  endoohrome  is 
modified  by  age,  by  external  physical  circumstances,  aud  by  the  process  of 
development.  Nageli  and  Braun  describe  it  as  constituting  two  layers 
within  the  primordial  utride,  viz.  an  outer  and  an  inner  mucilaginous  layery 
the  latter  the  thicker  of  the  two. 

Ehrenberg,  influenced  by  his  belief  of  the  animal  nature  of  the  Desmidiacese, 
and  by  his  peculiar  hypothesis  oi  their  polygastrio  organization,  represented 
the  larger  vesicles  or  globules  to  be  digestive  sacs  or  stomachs,  and  the 
smaller  green  corpuscles,  ova.  He  even  exerted  his  imagination  still  further, 
by  announcing  tiiiat  in  Micrasterias,  Arihrodesmus,  and  one  or  two  other 
genera,  male  reproductive  structures  are  visible.  These  suppositions  it  is 
not  necessary  to  discuss,  seeing  that  they  are  unsupported  by  any  facts  in 
the  structure  and  oeconomy  of  this  family. 

The  globules  and  corpuscles  of  the  endoohrome  of  Desmidiese  seem  to 
difPer  in  no  respect  from  those  in  other  Algee,  consisting  of  chlorophyll, 
starch,  and  of  oily  materials  floating  in  a  watery  medium.  In  most  spedes 
of  ClosUrvum  and  of  Tetmemorus,  some  large  diaphanous  vesicles  are  con- 
spicuous, either  disposed  irregularly,  or  more  fr^uently  in  a  single  longi- 
tudinal series  (II.  1,  12,  13).  These  have  the  appearance  of  being  distinct 
cells ;  and  Mrs.  Thomas  has  indeed  described  two  such,  of  large  size,  in 
Cosmarium  margaritiferum,  as  "  vesicles  filled  with  moving  granules."  No 
doubt  many  of  the  apparent  vesicles  are  nothing  more  than  vacuoles  which, 
as  in  other  protoplasmic  substances,  tend  to  arise  in  the  cell-contents,  and 
may  assume  a  fixity  in  size  and  in  position. 

The  several  species  of  Closierium  and  of  Doddivm,  and  some  of  Pevmum 
present  also,  at  each  extremity  of  the  endoohrome  (II.  2,  9,  14),  <<  a  lai^e 
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hjBHne  oar  atraw-ooloiired  gbbole  which  oontainB  minute  granulos  in  con- 
stant motion."  It  is  seen  eren  in  the  earliest  stage  of  the  frostules,  but 
disappears  in  dried  spedmens. 

In  addition  to  these  stractnieSy  distinguishable  in  certain  genera  only, 
NagoH  and  others  state  that  a  central  nucleus  exists  in  all  the  Desmidie®, 
mo^y  containing  within  itself  a  nucleolus.  "  In  Closterium  (Braun  writes) 
the  nud^is  with  its  colouriess  mudlaginouB  envelope  is  maintained  in  the 
e^itze  of  the  spindle-shaped  cell  by  the  green  lamelhe  of  contents,  arranged 
radiantly  around  tiie  long  axis  of  the  ceU,  which  lamellm  are  interrupted  by 
it  in  the  middle  of  the  celL  In  many  cases  it  seemed  to  be  surrounded  as 
by  a  band,  or  by  a  cavity  containing  water." 

Nageli  affirms  that  **  Arthrodetmus  possesses  a  small  colourless  corpuscle  on 
the  win  of  the  cell,  which  looks  like  a  nudeolns.  Eua*trum  also  exhibits 
frequently  among  the  gre^i  contents  two  obscure  bodies  resembling  nuclei, 
always  one  in  each  half,  when  the  division  through  the  middle  takes  place. 
These  are  not  attadied  to  tiie  cell-membrane,  but  lie  free  in  the  midst  of  the 
cavity :  they  appear  to  possess  a  dark  centre  (nucleolus)  and  a  clear  peri- 
phery (enveloping  layer?) In  ClotUriwm  a  nucleus  Hee  in  the  centre 

whidi  possesses  a  thick  whitish  nucleolus  within  a  dear  enveloping  layer. 
It  18  coloured  brown  by  iodine,  and  wholly  resembles  the  nucleus  in  Sjpv- 
rogjfra,^  FrobaUy  the  vesides  mentioned  and  figured  by  Mrs.  Thomas  are 
leaUy  nudei  (I.  2,  5). 

There  is  something  qpedal  in  the  disposition  of  the  endodirome  in  veiy 
many  of  the  BesmidieflB.  On  a  front  view  of  Desmidiumy  tiie  endochrome  is 
divided  into  linear  portions  by  a  pale  transverse  line  between  the  angles ; 
and  on  a  transverse  view  it  is  seen  to  send  out  as  many  thick  rays  as  the 
cell  has  angles.  Again,  in  Cosmariwn  Balfm  the  endochrome  is  somewhat 
radiate ;  but  it  is  in  the  elongated  genera,  in  Penivm  and  Closterium^  that 
its  disposition  is  most  characteristic  In  both  these  genera  the  green  matter 
«f  the  endodirome  seems  condensed,  so  as  to  produce  broad  longitudinal  bands 
(IL  2, 14),  technically  called  JUUts,  which  have  their  continuity  always 
interrupted  at  the  me£an  transverse  suture,  and  in  several  examples  of  the 
genus  Pemum  by  three  cross  bands.  These  fillets  are  more  or  less  strongly 
wMfcy^ftH  in  different  cases,  and,  it  may  be,  are  constant  in  number  in  the  same 
spodeB.  Mr.  Bal£s  (p.  159)  tells  us  that  Meneghini  considers  them  of  too 
mndi  importance  to  be  omitted  in  the  specific  definition.  They  may  occa- 
sionally he  usefdl  in  disciiminating  nearly  allied  forms ;  but  as  tiiey  are  fre- 
quently indistinct,  or  from  various  causes  not  readily  counted  with  certainty, 
he  is  unwilling  to  introduce  them  into  the  specific  characters,  except  in  the 
absence  of  more  permanent  marks  of  distinction. 

CibcuulXIov  op  CoifTKHTB. — A  drculation  or  rotation  of  mudi  of  the  liqidd 
emtents  may  frequentiy  be  seen  in  the  Desmidies.  The  Closteria  afford  the 
best  subjects  for  witneraing  this  phenomenon,  but  carefdl  focusing  and  other 
microscopical  adjustments  are  always  needed  to  display  it.  Even  Mr.  Ealfe 
had  failed  to  observe  it  until  he  watdied  it  in  conjunction  with  Mr.  Bower- 
bank,  in  Closterium  Lunula  and  in  Penium  Digitus, 

Knee  Mr.  Haifa's  account  was  written,  much  more  attention  has  been 
bestowed  on  this  phenomenon ;  and  it  has  been  observed  by  every  micro- 
scopist  who  has  sought  for  it.  The  Bev.  Mr.  Osborne  has  particularly  studied 
it,  and  has  come  to  the  conduaion  that  it  is  due  to  dliary  action.  *'  If 
(he  writes,  J".  M.  8,  ii.  235)  I  put  a  specimen  on  the  stage,  cover  the  stage 
so  as  to  exdude  the  light,  use  tiie  parabolic  iUuminator  with  the  direct  light 
of  the  sun,  in  certain  focal  positions  I  see  what  appear  to  be  cilia  working 
evenly  and  continuously  along  the  whole  external  mai^iin  of  the  plant.     I 
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am  inclined  to  believe  that  this  is  not  so,  that  this  is  some  ocular  deoeptum, 
and  that  these  dlia,  so  seen,  are  within  the  outer  case.  It  may  be  that  these 
cilia  are  on  the  external  surface  of  the  membranous  sac,  as  well  as  over  the 
endochrome ;  more  practised  observers  with  higher  powers  may  yet  determine 
that.  Of  the  existence  of  the  cilia  throughout  the  plant  there  can  be  no 
doubt,  and  no  object  I  have  ever  seen  will  bear  comparison  with  this  when 

beheld  under  sunlight It  is  seldom  that  I  can  trace  a  current  up  one 

margin,  and  round  the  point  down  the  other ;  these  currents  seem  to  me  a» 
the  nUe  to  pass  &om  tiLe  point,  when  they  reach  it,  down  to  the  centre  of 
the  spot  where  the  cilia  are  seen  terminating  the  endochrome/' 

In  a  second  part  of  this  communication  the  writer  adds :  '^  I  hare  scarcely 
failed  in  one  attempt  to  see  the  circulation  and  ciliary  motiim  in  the  Clos- 
terium  Lunula.  I  tried  today  heating  a  little  water,  by  putting  a  small  bottle 
in  a  cup  of  warm  water ;  the  effect  seemed  to  retard  the  circulation,  but  to 
make  ttie  globules  larger.  I  have  traced  it  over  the  whole  extent  of  the  en- 
dochrome, but  it  is  best  seen  at  the  convex  side  a  short  way  from  the  edge.  I 
am  more  than  ever  convinced  the  cydosis  is  the  waving  of  attach^  Umgtus 
ofeilia.  The  specimens  are  capricious  in  the  results  they  afford ;  they  show 
best  when  the  sun  has  been  on  die  jar  for  a  time.  I  have  watched  the  move- 
ments of  the  globules  in  VaUisneria,  NiteUa,  &c.,  and  they  are  tome  altogether 
of  a  different  nature  to  that  in  the  Closterium,  &c.  To  my  eye  there  is  no 
real  analogy  between  this  circulation  and  that  in  the  above  plants ;  but  there 
is  much  more  with  the  branchial  action  in  the  mussel."  Mr.  Jabez  Hogg's 
supplementary  notes  to  Mr.  Osborne's  paper  represent  the  whole  frond  as 
^'brilliantly  glittering  with  the  moving  and  active  dlia;  whilst  in  the 
cydosis  numerous  zoospores  were  most  actively  moving  about  by  the  same 
agency.  When  the  sunlight  falling  on  these  little  bodies  warmed  them  into 
life  and  motion,  the  rapid  unduktioiis  produced  by  the  action  of  the  cilia 
illuminated  the  whole  frond  with  a  series  of  most  charming  and  delicately- 
coloured  prismatic  fringes  or  Newton's  rings.  Hie  motion  and  distribution 
of  the  dtia  must  be  seen  by  the  aid  of  the  direct  sun-rays  and  parabola ;  for 
although  I  tried  every  other  mode  of  illumination,  and  with  Mr.  Brooke  used 
Gilletf  s  condenser,  yet  neither  of  us  noted  satisfactorily  their  situation  and 
distribution  until  we  resorted  to  the  parabola.  At  the  same  time  the  cir- 
culation may  be  most  accurately  observed  to  take  place  over  the  entire 
surface  of  the  frond.  The  stream  is  best  seen  to  be  running  up  the  external 
margin,  just  internal  to  a  row  of  cilia,  with  another  taking  a  contrary  direc- 
tion next  to  the  serrated  ciliary  edge  of  the  endochrome ;  the  whole  being 
restricted  to  the  space  between  the  mass  of  endochrome  and  hyaline  int^^ument 
passing  above  and  around  the  cydosis,  but  not  entering  into  it." 

Another  writer  (J,  M.  S.  1865,  p.  84),  Mr.  Western,  adduces  an  observa- 
tion which  he  believes  to  confirm  the  presence  of  ciUa  in  Glotteriumf  and 
even  goes  so  fSeu:  as  to  advance  the  notion  that  the  circulation  in  the  cells  of 
Chara,  and,  by  analogical  reasoning,  in  those  also  of  other  water-plants, 
originates  in  ciliary  movements.  In  Chara,  as  in  Cflosterium,  he  tells  us,  he 
observed  "  precisely  the  same  appearances,  the  same  rapid  undulations,  to- 
gether with  the  same  brilliant  coruscations."  Dr.  Wright,  whose  contribu- 
tion in  the  same  Journal  (1855,  p.  171)  we  have  previously  quoted,  admits 
the  presence  of  dlia,  and  starts  the  extraordinary  suppodtion  tiiat  the  circu- 
lation of  the  contents  of  Closterium  is  carried  on  through  canals  or  vessels, 
whidi  he  describes  as  maiginal,  and  that  it  is  independent  **  of  a  frequent 
irregular  movement  of  g^ranules  of  endochrome  more  resembling  imperfect 
cydosis." 

If  our  doctrines  concerning  the  phydology  of  animal  and  vegetable  cells  be 
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at  ail  ooiTect,  ^e  statements  above  quoted  reflpeotmg  the  cOiary  origm  of 
eydons,  and  more  partioolarly  the  hypothesis  of  a  vascular  system,  are 
acaieely  or  not  in  any  way  admissible.  We  are  disposed  to  atoibute  the 
appearances  so  inteipreted  to  misconception.  Dr.  Wright's  notion  of  canals 
or  yessels  is  equally  extravagant  with  that  once  advanced  by  Schultse,  of  the 
network  of  sap-vessels  in  and  about  the  cells  ni  plants,  and  requires  no  dis- 
coasion.  The  opinion  of  Mr.  Osborne  that  the  currents  in  CUmUria  and  other 
Desmidiefls  are  due  to  cilia,  and  are  not  analogous  with  the  in  all  respects 
amilar  currents  in  the  ceUs  of  various  aquatic  plants,  is  simply  an  assump- 
tion, and  one  indeed  in  opposition  both  to  what  an  unbiassed  observation  of 
the  phenomenon  in  the  two  sets  of  plants  would  suggest,  and  to  what  com- 
parative physiology  would  teach.  Again,  the  analogy  he  suggests  between 
his  supposed  dliiury  cydosis  and  the  ciliary  action  of  the  branchin  of  the 
mussel  will  be  inconceivable  to  any  one  who  understands  the  structure  of  the 
brandiial  a|^aratus  of  MoUusca,  tiie  distribution  of  the  cilia  on  the  external 
sorfiace  of  a  mucous  membrane,  and  their  office  there  in  providing  for  the 
active  performance  of  the  respiratory  function.  Analogy  would,  indeed,  in- 
duce us  to  believe,  that  if  dHa  are  the  motory  organs  of  the  cydosis  of 
Besmidieae,  they  are  equally  so  of  that  in  other  unicellular  Algse,  as  well  as 
of  that  in  the  ceUs  composing  the  tissue  of  compound  forms.  If  so,  we  might 
adopt  Mr.  Western's  belief  in  the  existence  of  dHa  wherever  a  circulation  of 
the  contents  of  cdls  is  visible,  did  not  our  opinion  of  the  nature  of  cells  and 
of  the  histological  relations  of  their  parts  deter  us  £rom  accepting  the  doc- 
trine at  all  of  the  presence  of  inteiHal  dlia  within  unicellular  organisms. 

Then,  again,  we  cannot  see  the  necesdty  of  a  dliary  a^^mratus  to  secure  the 
fluctuating,  oscillating  or  irr^^nlar  and  mostly  incomplete  movements  of  the 
oorpusdes  within  the  cells  of  Desmidie».  To  us  such  movements  are  expH- 
eaUe  by  reference  to  the  changes  ensuing  in  the  nu^tive  processes  of  the 
living  organism,  and  to  the  currents  caused  by  the  ever-acting  endosmose  and 
exoemose.  Moreover,  it  should  be  borne  in  mind  how  exceedingly  minute 
these  molecular  movements  are ;  how  very  inconsiderable  the  space  passed 
throu^  is ;  how  sbiggish,  compared  with  tiiose  due  to  undoubted  dliary  ac- 
tivity, the  movements  themselves  are.  But  in  addition  to  arguments  dedudble 
from  analogy  and  general  morphology,  those  put  forward  by  Mr.  Wenham, 
resting  on  direct  observation  and  experiment,  seem  to  us  strongly  adverse  to 
Mr.  Osborne's  hypothesb,  and  indicate  it  to  be  a  consequence  of  optical  de- 
o^tion.  At  a  preceding  page  (p.  5)  we  have  quoted  Mr.  Wenham's  remarks 
on  the  deceptive  effidcts  produced  in  viewing  objects  by  oblique  sunlight,  or 
by  any  powerful  source  of  illumination,  and  by  the  use  of  a  large  angle  of 
aperture ;  we  will  here  add  his  comparative  observation  of  the  drtsulation  of 
Anatharis.  In  viewing  this,  he  tells  us  (op.  eit,  p.  159),  '<  with  a  large  aper- 
ture, the  chlorophyll-granules  traversing  along  a  straight  and  thin  septum  (if 
the  podtum  is  &vonrable)  appear  to  project  into  the  neighbouring  cell,  seem- 
ing to  pass  directly  under  die  line  of  the  cell-wall.  Smaller  partides  will 
i^parently  travel  within  the  substance  of  the  cell-wall ;  and  in  case  of  a 
boundary  or  single  cell,  or  in  unicellular  plants,  if  the  surrounding  water  has 
nearly  dried  up,  the  rim  or  prism  remaining  round  the  exterior  (by  the  way, 
just  Uie  conditions  under  which  Mr.  Western  made  his  observation)  causes 
irregular  refiracted  images  of  the  particles  of  protoplasm  to  appear  ovUdde  the 
edl,  bearing  such  a  remarkable  similarity  to  external  dlia,  that  the  passing 
shadows  may  even  be  mistaken  for  currents  in  the  water." 

Beddes  the  incomplete  rotation  or  circulation  of  the  contents  just  con- 
ddered,  there  is  an  active  bustling  sort  of  movement  of  minute  granules 
within  an  aj^mrent  globular  vedcle  dtuated  at  each  end  of  the  dongated 
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fronds  of  some  Besmidiess^  e.g,  of  Doddwm  and  of  Olosterium.  The  vesicles 
in  question  are  known  as  the  ^*  tenninal  globules/'  or  chambeiB^  and  would 
appear  to  be  actually  inrested  with  a  membrane,  and  Uierefore  distinct  en- 
closed sacs.  In  Closterium  rostraium  and  O,  setaeeum,  the  collection  of  moving 
gronules  is  at  a  distance  from  the  extremities,  and  apparently  not  contained 
within  a  vesicle.  In  all  species  exhibiting  terminal  globules  these  structures 
appear  in  their  earliest  stage,  but  disappear  when  they  are  dried. 

£hrenberg  imagined  the  supposed  retractile  locomotive  organs  to  be  fixed 
to  these  globules,  and  that  the  granular  movement  within  them  was  no  other 
than  that  of  the  bases  of  these  organs.  Mr.  Yarley  described  the  chambers 
as  having  contractile  walls,  and  the  molecules  as  transparent  spheroids  mea- 
suring from  l-20,000th  to  l-40,000th  of  an  inch,  sometimes  escaping  from^ 
their  chamber  and  circulating  vaguely  and  irregularly  between  the  peripheiy 
of  the  gelatinous  body  and  tiie  i^elL  Mr.  Bidfe  regarded  the  terminal  glo- 
bules to  be  peculiar  to  the  Closterina ;  yet  their  contained  granules  seemed  to 
him  ^*  to  differ  in  no  respect,  except  in  position  and  uninterrupted  motion, 
from  other  granules  in  the  same  frond."  He  once  saw  tiie  motion  continue 
after  their  escape  from  the  celL  Mr.  Osborne  (op.  eit.  p.  225)  believes  the 
granules  to  be  ciliary  bodies.  He  writes :  '^  At  the  extremities  of  the  green 
matter  there  are  certain  bodies  acting  with  a  ciliary  movement  within  what 
has  been  called  a  chamber,  lying  towards  the  point  of  the  membranous  sac  ; 
certain  bodies,  apparentiy  of  the  same  kind,  separate  from  the  endochrome  in 
a  small  mass,  appearing  at  the  extreme  end  of  this  so-called  chamber,  or  at 
the  side  dose  to  the  end ;  these  also  impart  a  ciliary  movement  to  the  water 
within  the  sac  around  them."  He  adds  (p.  239) :  ^^  When  the  endochrome 
is  of  a  rich  dark  green,  I  find  the  chamber  at  the  extremity  very  plain  and 
defined,  with  its  cilia  very  active. . .  .As  the  endochrome  gets  of  a  lighter 
colour. . . .  the  chamber  becomes  smaller  and  the  dha  are  barely  seen."  At 
p.  236,  Mr.  Osborne  further  states,  **  The  loose  bodies  seen  in  the  diamber  of 
Cflosterium  Lumda  have  very  generally  dlia,  and  are,  I  believe,  zoospores ; 
loose  pieces  of  endochrome  are  sometimes  brought  round  in  the  current,  but 
these  are  easily  distinguished.  I  have  never  seen  anything  like  true  cydosis^ 
t.  e.  molecules  in  circular  movement,  within  the  so-<»lled  diamber." 

Of  the  purpose  of  tiie  moving  granules  within  the  terminal  globules,  the 
prevailing  notion  is  that  they  are  zoospores.  Meyen  likened  them  to  the 
<'  spermatic  animalcules  of  plants ;"  and,  as  above  noted,  Mr.  Ealfs  saw  tiiem 
move  about  as  do  the  zoospores  of  other  Algsa  when  freed  from  the  endosing 
capsule  and  frond.  So  fSor  as  we  can  gather  from  his  remarks,  Mr.  Osborne 
also  inclines  to  this  opinion,  which  is  likewise  supported  by  Mrs.  Thomas 
(r.  if. /8f.  1863,  p.  37). 

We  are  sorry  tiiat  we  can  present  no  more  definite  views  concerning  the 
nature,  diaracters,  and  purpose  of  the  terminal  globules  than  those  comprised 
in  the  foregoing  extracts.  We  find  no  similar  globules  in  other  Algse,  and 
therefore  obtain  no  guide  frx>m  analogy ;  indeed  such  structures  seem  to  be 
peculiar  to  the  elongated  Desmidiesa — ^to  the  genera  Closterwm,  Pemum,  and 
Dodddum ;  we  must  consequentiy  look  to  subsequent  research  to  duddate  the 
question.    (See  Appendix  at  end.) 

Another  sort  of  internal  movement,  more  prevalent  among  the  Desmidieee 
than  that  last  considered,  is  '^  t^  swarming  tnotion"  so  called,  seen  dther  at 
one  or  two  parts  of  the  frond  when  mature,  or  otherwise  throughout  its  con- 
tents. Having  once  commenced,  it  never  ceases,  but  extends  itself,  and 
induces  changes  in  the  nature,  appearance,  and  colour  of  the  endochrome ; 
for  this  loses  its  grass-green  colour,  acquires  the  autumnal  yellowish  or 
leddish-brown  tint,  and  a  finely  granular  aspect.    When  the  granules  burst 
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^Toog^  tiie  openings  of  the  satare  between  the  Talves,  they  escape  to  a 
^stance  and  still  keep  np  their  actiye  movement. 

In  the  genus  Comartttm  this  phenomenon  is  frequently  and  readily  ob* 
seryed.  Mrs.  Thomas,  in  her  interesting  observations  on  Cosmariwn  mar" 
gwridfemm  (T.  M,  S.  1855,  p.  33),  has  detailed  1^  following  appearanoes :— < 
"  In  eaeh  half  (she  writes)  the  centre  was  oocupied  by  a  vesicle  (as  it  appeared) 
fiDed  with  moving  granules,  while  smaller  vesicles  were  at  the  four  sides 
(L  2).  The  grannies  did  not  appear  to  cireolate  through  the  plant,  but  kept 
to  their  own  place,  which  was  either  a  bag  or  cavity — I  could  not  decide 
which."  In  another  example  '^  the  granules  were  swanning  over  the  whole 
pbmt.'' 

These  peculiar  movements  of  the  granules  are  not  restricted  to  this  tribe, 
bat  are  ^lown  to  occur  in  many  genera  of  AlgsB.  Their  purpose  seems  con- 
nected with  the  reproductive  process.  Mrs.  Thomas  (he,  cit.)  refers  to  it  as 
in  some  way  related  with  the  formation  of  q)orangia;  whilst  Mr.  Bal&,  who 
^eaks  of  the  swarming  particles  as  **  loospores,"  confesses  himself  perfectly 
vmicqnaiiited  with  their  subseijuent  history,  althou^  he  coincides  with  Pro- 
fessor Harvey  in  regarding  the  f^ienomenon  of  swanning  as  a  <<  strictly  vege- 
table pecoliaiity.'' 

BEPBODTrcnoK  OF  Dbsiodisje. — ^This  fiinction  presents  itself  under  two 
phases,  the  end  of  one  of  which  is  to  multiply  or  perpetuate  the  individual 
plant,  whilst  that  of  the  other  is  to  reproduce  the  species.  The  former  pur- 
pose is  attained  by  the  process  of  fission,  the  latter  by  that  of  the  development 
of  sporangia,  and,  it  may  be,  by  the  swarming  of  loospores. 

The  act  of  self-division  is  frequently  obs^ved,  and  is  in  all  respects  the 
same  process  as  in  the  cells  of  other  Algse,  or  indeed  of  any  plant.  Analogy, 
and  not,  indeed,  direct  observation,  suggests  as  necessary  the  initiative  action 
of  a  nucleus  to  precede  the  constriction  of  the  soft  lining  sac  of  the  lorica, 
i.  e,  of  the  primordial  membrane,  which  is  next  followed  by  that  of  the  harder 
external  coat.  The  proceeding  is  varied,  in  scmie  ncm-essential  particulars,  by 
^  figure  of  the  fronds,  and  also  by  the  circumstance  of  its  own  completeness 
or  incompleteness.  Mr.  Balfe  has  well  described  the  fission  of  Ehuutrwrn  (op. 
dt,  p.  4).  The  narrow  connecting  band  between  the  two  segments  of  the 
frond  leng^ens  and  is  **  converted  into  two  roundish  hyaline  lobules ; "  these, 
though  at  first  very  minute,  increase  rapidly  in  size,  and  exhibit  from  their 
origin  the  deep  constriction  characteristic  of  the  mature  fronds.  The  advancing 
growtii  of  the  interposed  new  formations  necessarily  pushes  further  asunder  the 
original  segments,  which  finally  become  disccmnected,  '^  each  taking  with  it  a 

new  segment  to  supply  the  place  of  that  from  which  it  has  separated At 

first  the  new  portions  are  devoid  of  colour,  and  have  much  the  appearance  of 
condensed  gelatine ;  but  as  they  increase  in  size  the  internal  fluid  acquires  a 
green  tint»  which  \b  at  first  very  front,  but  soon  becomes  darker ;  at  length 
it  assumes  a  granular  state.  At  the  same  time  the  new  segments  increase 
in  size  and  obtain  their  normal  figure ;  the  covering  in  some  species  shows 
the  presence  of  punota  or  granules,  and,  as  in  Xan^hiditmi  and  Stattrastrum^ 
Uie  sfMnes  and  processes  lastly  nmke  their  appearance,  b^^nning  as  mere 
tubercles,  and  then  lengthening  until  they  attain  their  perfect  form  and  size. 
Complete  separaticm,  however,  often  occurs  before  all  these  details  of  develop- 
ment are  complete  (II.  11,  24,  26).  This  singular  process  is  repeated  again 
and  again,  so  that  the  older  s^^ents  are  united  successively,  as  it  were,  with 
many  generations."  ULustrations  of  this  act  are  furnished,  in  the  case  of  two 
sgedes  of  Cogmarium,  in  the  appended  {dates  (I.  4 ;  11.  26),  to  which  the 
above  account  will  be  found  equtJly  weU  to  apply. 

**  In  SpJumvzoBma  the  same  changes  take  place  (1. 11),  and  are  just  as 
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evident;  bat  the  cells  contiime  linked  together,  and  a  filament  is  formed,  which 
elongates  more  and  more  rapidly  as  the  joints  increase  in  number.  This 
eontinned  multiplication  by  division  has  its  limits ;  the  s^ments  gradually 
enlarge  whilst  they  divide,  and  at  length  the  plant  ceases  to  grow;  the  division 
of  the  ceUs  is  no  longer  repeated ;  the  internal  matter  changes  its  appearance, 
increases  in  density  and  acquires  starch-granules,  which  soon  become  nume- 
rous ;  the  reproductive  granules  are  perfected,  and  the  individual  perishes. 
In  a  filament  the  two  oldest  segments  are  found  at  its  opposite  extremities ; 
for  so  long  as  the  joints  divide,  they  are  necessarily  separated  further  and 
fiirther  from  each  other.  Whilst  this  process  is  in  progress,  the  filament  in 
SjpTuBrazosma  consistB  of  segments  of  all  sizes  (1. 11) ;  but  after  it  has  reached 
maturity  there  is  little  inequality  between  them,  exoq>t  in  some  of  the  last- 
fDrmed  segments,  which  are  permanently  smaller.   The  case  is  the  same  with 

those  genera  in  which  the  separation  of  the  cells  is  complete It  is  obvious 

that  the  new  portions  must  arise  from  the  whole  of  the  junction-maigin  of 
the  original  valves ;  consequently  when  the  junction  occupies  only  a  part  of 
the  br^th,  the  new  portion  will  be  narrower  than  the  ^d ;  bnt^  when  the 
junction  of  the  valves  is  as  broad  as  the  cell,  the  new  portion  will  from  the 
beginning  be  of  the  same  breadth,"  and  will  remain  undistinguishable  by  its 
size  when  fission  is  complete. 

Mr.  Balfis  goes  on  to  say  that,  *'  when  the  cell  is  oblong,  or  only  rounded 
at  the  extremities,  the  process,  though  similar,  is  lees  evident ;  ^e  cell  at 
first  seems  merely  to  elongate  (II.  11),  until  it  attains  nearly  twice  its  m- 
ginal  length,  when  the  division  commences,  and  the  roundhig  of  the  new  ends 
becomes  apparent.  The  tapering  ceUs  present  but  little  difference,  for  the 
separation  takes  place  before  the  extremities  are  frilly  developed ;  sometimes 
these  cells  separate  obliquely,  as  in  Spirotamia" 

The  mode  of  self-division  in  ClosUrivm  has  been  illustrated  by  the  Bev. 
Mr.  Osborne  {J.  M.  8. 1854,  p.  57),  from  whose  account  we  abstract  the  fol- 
lowing particulars : — "  1  have  (he  says)  watched  for  hours  the  process  of 
complete  self-division ;  one-half  of  the  frond  has  remained  passive,  the  other 
has  had  a  motion  from  side  to  side,  as  if  moving  on  an  axis  at  the  point  of 
juncture ;  the  separation  has  become  more  and  more  ardent,  the  motion  more 
active,  until  at  last,  vnth  a  jerk,  one  segment  leaves  the  other,"  each  having 
one  extremity — ^the  one  newly  fonned  along  the  line  of  junction  of  the  two 
s^ments — ^much  more  obtuse  than  the  otiier.  ^*  The  circulation  of  the  con- 
tained globules  for  some  hours  previous  to  subdivision,  and  for  some  few  hours 
afterwards,  runs  quite  round  the  obtuse  end  of  the  endochrome." 

Previously  to  complete  separation  each  segment  begins  to  show  a  central 
constriction  of  its  endochrome,  which  in  due  time  extends  across  the  new 
frond,  and  constitutes  the  median  dear  space  or  band. 

A  true  reproductive  act  is  presented  by  the  act  of  conjugation,  or  eoupUng 
of  two  fronds,  and  by  the  resultant  development  of  a  sporangium  (11.  6,  8 ; 
XVI.  11, 12, 18, 14).  This  process  consists  in  the  apposition  and  subsequent 
intercommunication  of  the  cavities  and  contents  of  two  cells,  which  may  be 
free,  or  otherwise,  members  of  a  chain  or  filament.  It  is  an  act  not  peculiar 
to  the  Desmidiese,  but  common  to  them  along  with  the  BiatomesB  and  Con-> 
jugatae.  "  In  the  fSamily  Conjugates  (says  Mr.  Ralfs)  the  cells  conjugate 
whilst  still  forming  parts  of  a  filament ;  but  in  the  Desmidieas  the  filamentous 
species  almost  invariably  separate  into  single  joints  before  their  conjugation, 
and  in  most  of  the  species  the  valves  of  the  cells  become  detached  alter  they 
are  emptied  of  their  contents."  To  bring  about  the  neoessary  apposition,  it 
is  usual  for  the  conjugating  cells  to  expand  or  bulge  out  on  those  sides  which 
are  to  come  into  union ;  and  whilst  thiis  is  proceeding,  the  vesideB  or  globules 
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huanaae  mash  in  number,  and,  together  with  the  grannlar  eontents,  beoome 
aggregated  abont  the  eonjugating  part.  When  oontact  is  oompletey  an  absorp- 
tion (^  tiie  opposed  walls  of  the  two  eells  takes  jdaee,  or  the  sutore  of  each 
opens,  the  endochrome  from  both  is  dischaiged  and  intermin^ed,  and  an 
orbicolar  green  grannlar  mass,  enveloped  in  a  mucous  sheath  thrown  out 
around  it  by  the  conjugating  cdls,  is  produced.  When  the  process  has  pro- 
ceeded thus  far,  the  original  yalves  are  more  or  less  completely  empti^  of 
their  contents,  lose  their  vitality,  and  are  sooner  or  later  detached,  and  float 
jiway  from  the  sporangium  developed. 

The  formation  of  a  sporangium  by  ccmjugation  occupies  no  great  time. 
Indeed,  in  the  ease  of  Closterium  Eltrmbergii,  the  Bev.  W.  Smith  tells  us 
that  **  the  discharge  of  the  endochrome  and  the  fbrmati<m  of  the  sporangia 
are  accomplished  with  much  rapidity,  and  may  often  be  seen  taking  place  in 
the  fidd  of  the  microscope ;  the  whole  operation  not  occupying  more  than 
a  few  minutes. . . .  During  the  formation  of  the  sporangia  ihere  appears  to 
be  a  second  development  of  mucus  in  the  form  of  rings  around  ihe  reproduc- 
tive bodies ;  this  is  probably  only  the  effect  of  the  pressure  produced  by  the 
growth  of  the  sporangia  on  the  mass  of  investing  mucus.'' 

This  act  of  oonjugaticm  admits  of  slight  variations  in  character,  determined 
by  the  form  of  the  conjugating  cells,  and  by  other  circumstances  peculiar  to 
&e  tribe,  &mily,  or  genus  in  which  in  it  occurs.  In  the  filamentous  species 
of  Besmidiefle,  the  joints,  as  before  noted,  usually  become  separated  before 
tiieir  conjugation ;  and  in  most  instances  the  old  valves  left  empty  after  the 
act  of  conjugation  are  almost  immediately  detached  from  the  q)orangium ; 
but  in  a  few  species  they  persist  some  time  afterwards,  e.  g.  in  sev^^  of 
Poftkan,  In  Did^^moprium  the  separated  joints,  on  conjugating,  unite  by 
means  of  a  narrow  process  pushed  out  from  each,  and  often  of  considerable 
length ;  through  this  the  endochrome  of  one  cell  is  transferred  into  the  other, 
and  Ulus  the  sporangium  is  produced  within  one  of  the  two  cells,  just  as  in 
the  Conjugatse.  In  Stavrastrum  and  Mierasteriat  the  contents  of  both 
fronds  are  discharged  into  a  delicate  intermediate  sac  or  bag,  which  gradually 
thickens,  produces  eminences,  and  at  last  forked  spines  (II.  25).  Again,  in 
TetmiemortUy  **  the  process  of  fonning  the  sporangium  (says  Mr.  Balfs)  is 
interesting,  as  it  exhibits  a  striking  similarity  to  the  change  during  the 
^onnation  of  similar  bodies  in  Stauroearpus  among  the  Conjugatse.  In 
Stauroearpus,  afker  conjugation,  a  subquadrate  cell  is  formed,  wiihin  which 
tiie  endodirome  is  collected.  The  latter  is  at  first  of  the  same  figure  as  the 
edl,  but  in  at  least  one  spedes  is  at  length  condensed  into  a  compact 
^bular  body,  and  in  every  spedes  the  cell  with  the  contained  sporangium 
finalfy  s^mrates  from  the  filaments  with  which  it  is  connected.  In  this 
separate  state  I  can  discover  no  character  by  which  to  distingniBh  the 
^rangium  of  Tetmemarus  from  one  belonging  to  a  spedes  of  Staurocarput,^* 
To  quote  the  same  authority, — "In  Pemvm  Jenneri  the  conjugating  frx>nds  do 
not  open  and  gape  at  the  suture,  as  is  usual  in  the  Desmidiese,  but  couple  by 

small  and  distinct  cylindrical  tubes  like  many  of  the  Conjugatae In 

ClotUrimn  two  frt>nds  unite  by  means  of  projections  arising  at  tiie  junction  of 
the  two  segments,  and  then  the  newly-formed  portion  continues  to  enlaige 
until  the  original  segments  are  separated  by  a  cell  of  an  irregolar  figure  (IL 
5,  6).  The  contents  of  the  fronds  being  collected  in  this  cell  become  a  dense 
seed-like  mass,  which  is  sometimes  globular,  resembling  the  sporangium  of 
Maugeatia,  and  sometimes  square,  like  that  of  Stauraspermum,  The  newly- 
formed  cell  is  thinner  and  generally  paler  than  the  segments  of  the  fronds ; 
in  some  spedes  it  looks  like  a  prolongation  of  the  segments,  and  in  others 
tiiese  are  so  loosely  attadied  that  their  connexion  is  scarcely  perceptible. 
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The  oottpliiig  of  the  fronds  generally  takes  place  from  the  'cohyex  maigin, 
but  may  occur  on  the  concave,  or  even  the  convex  margin  of  One  frond  may 
couple  with  the  concave  of  the  other," 

The  Kev.*W.  Smith  (A,  N,  H.  1850)  represents  the  conjugation  of 
ClosUrium  Ehrenbergn  to  be  peculiar  (XYI.  11,  12,  13,  14).  The  first 
phenomenon  (he  tells  us)  is  an  alteration  in  the  granular  condition  of  the 
endochrome.  This,  from  a  light  yellowish  green,  passes  to  a  much  darker 
shade,  and  the  larger  granules,  or  <<  diaphanous  vesicles "  of  Balfs,  which 
were  originally  few  in  number,  and  arranged  in  a  somewhat  irr^^ular  longi* 
tudinal  series  (XYI.  10),  become  exceedingly  numerous  and  pervade  tike 
entire  frond.  While  this  change  is  about  taHng  place,  the  fronds  approadi 
in  pairs,  approximating  by  their  concave  surfaces,  and  finally  coming  into 
such  dose  neighbourhood  that  their  inflated  centres  are  in  contact  and  their 
extremities  slightly  overlapped  (XVI.  11).  In  a  short  time,  probably  in  the 
course  of  twenty-four  hours,  a  remarkable  change  takes  place,  both  in  the 
appearance  and  condition  of  the  fronds ;  a  mass  of  delicate  mucus  is  secreted 
around  the  approximated  fronds ;  these  remove  to  a  little  distance  from  each 
'other,  undergo ''  self-division,"  and  present  altogether  an  irregular  oval  figure^ 
the  outline  of  which  is  formed  by  the  periphery  of  the  mucus,  the  four  divi- 
sions of  the  fronds  being  placed  in  the  middle  in  a  somewhat  quadrilateral 
manner  (XYI.  12).  Durmg  the  progress  of  cell-division,  the  internal  mem- 
brane of  the  ceU-wall  becomes  enla]^;ed  at  the  suture  or  line  of  separation, 
and  projects  in  the  form  of  an  irregular  cone,  with  a  blunt  or  rounded  apex 
forming  a  beak,  whose  side  view  presents  a  triangular  outline.  This  beak 
becomes  filled  with  endochrome,  either  by  the  dilatation  or  increase  of  the 
contents  of  the  half-frond,  and  the  divided  frond  assumes  the  appearance  of 
one  with  two  unequal  segments  (12),  being  what  M.  Morren  calls  "  a  CZot- 
terium  of  two  unequal  cones."  On  these  membranous  expansions,  at  the  con- 
cave surfaces  of  the  fronds,  and  dose  to  the  original  sutures,  there  iqypear, 
almost  simultaneously  with  the  formation  of  the  beaks,  two  circular  projec- 
tions, which,  rupturing  at  their  apices,  give  egress  to  the  delicate  sacs  which 
enclose  the  endochrome,  and  which,  drawing  with  them  their  contents,  and 
meeting  with  the  endochrome  sacs  emitted  through  similar  projections  from 
the  other  half-fronds,  form,  by  their  connexion,  irr^;ular  masses,  which 
quickly  consolidate  and  assume  the  appearance  of  perfectly  circular,  smooth, 
dark-coloured  balls,  the  sporangia  of  Bal£9  and  seminules  of  Morren. 

Lastly,  we  may  add,  that  Siebold  {J.  M,  8. 1853,  pp.  118, 119)  remarks  that 
the  conjugation  in  Clogterium  DiawB,  C.  Uneatum,  O.  striolatum,  G.  ietaceum, 
ftc.,  differs  from  that  in  (7.  Lunula^  C.  rostratum,  and  other  members  of  the 
fSamily,  by  dehiscence  at  the  central  transverse  suture,  and  the  consequent 
coalescence  of  the  contents  of  the  two  cells  into  a  rounded  or  angular  mass,-^ 
an  observation  which  tallies  with  the  account  presented  us  by  Mr.  Balfs. 

Braun  (On  Kejuvenescence,  R.  8.  p.  286  et  seq.),  speaking  of  conjugation 
generally  in  simple  cells,  gives  an  elaborate  view  of  the  variations  the  phe- 
nomenon exhibits,  and  arranges  them  under  several  heads.  Thus  among  the 
DesmidieeB  "  the  conjugating  cells  unite  with  partidpation  of  the  extenial 
membrane,  [and]  the  reproductive  cell  is  formed  [dther]  through  contraction 
of  the  contents  dothed  by  the  internal  cell-membrane,  [or]  out  of  the  mere 
contents  as  a  new  cell  inside  the  mother-ceU."  But  in  the  majority  of  the 
Desmidieee,  ''  the  conjugating  cells,  after  dehiscence  of  the  outer  membrane, 
unite  through  the  inner ;  the  reproductive  cell  is  formed  out  of  the  mere 
contents  as  a  new  cell  inside  the  conjugation-cell."  By  the  first-named 
mode,  ^'  the  formation  of  the  reproductive  cell  is  ... .  not  a  direct  result  of 
the  conjugation,  but  it  is  formed  subseqnentiy  in  the  interior  of  the  eon* 
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jngation-ceUy  in  ike  strongly  e^Ninded  isthmiiB  of  this.  Ttie  delicate  internal 
membrane,  with  the  contents  enclosed  by  it,  drawing  itself  out  of  the  extre* 
mities  of  the  doable  cell,  forms  a  seed-cell,  at  first  cmciate,  fonr-lobed,  then 
bluntly  qoadrangolar,  and  finally  globnlar,  clothed  by  a  many-layered 
thickened  membrane  within  the  persLstent  four-homed  conjugaticm-oelL 
From  Bal&'s  representation,  this  is  most  probably  the  way  in  whidi  the  pro- 
cess is  to  be  nnderstood  in  OyUndrocystU  {Pefdum)  Brebi$90fdiJ' 

The  second  mode,  when  the  union  of  the  isolated  cells  is  also  lateral  and 
parallel,  is  exemplified  in  Closteriwm  Lunula,  in  which,  according  to  Morren's 
express  statem^it,  three  different  membranes  take  part  in  the  formation  of 
the  canal  of  miion, — an  inner  and  an  outer  cell-membrane,  and  a  membrane 
(the  primordial  utricle)  immediately  endoeing  the  green  mass.  The  glo- 
bular reproductive  cell  formed  in  the  connecting  canal  is  an  actire  gonidram, 
wMdi  begins  to  revolve  even  while  in  the  canal,  and  soon  breaks  through  the 
gdatinoosly-swollen  membrane  of  the  latter.  Very  crften  two  approximaled 
individuals  divide  again  and  conjugate  before  they  have  completely  separated, 
whence  result  conjugated  double  pairs. 

The  third  scheme  of  conjugation,  the  most  widely  extended,  is  itself 
reduced  by  Braun  to  two  principal  secondary  varieties,  and  to  several  sub- 
sidiary ones.  Thus  conjugation  takes  place  either  in  a  parallel  position  or  in 
a  craned  (deouseate)  manner.  The  former  is  peculiar  to  the  Closterina ;  the 
latter  is  met  with  in  Euastrum  and  allied  forms,  and  also  in  many  genera 
formerly  united  with  Desmidium,  The  modifications,  in  various  species,  of 
these  pians  are  well  explained  in  Braun's  work,  to  which  we  would  refer 
for  particulars,  as  well  as  for  an  elucidation  of  the  production  of  a  ''  really 
double  spore  (not  two-lobed,  as  BaUs  terms  it)  "  in  Chsterium  lineaium. 

The  next  question  which  presents  itself  is,  whether  the  product  of  con- 
jugation is  to  be  esteemed  a  spore  or  a  spore-case,  i.  e,  a  tpora/ngium.  That 
the  latter  is  its  nature  appears  pretty  clear,  and  is  assumed  as  a  fact  by  Mr. 
Balfo.  This  authority  observes:  ''The  sporangia  I  consider  capsules,  and 
this  view  seems  to  be  confirmed  by  the  experience  of  Mr.  Jenner,  who  states 
that  the  covering  of  the  sporangium  swells,  and  a  mucus  is  secreted,  in 
iduch  mimtte  fiends  appear,  and  by  their  increase  at  length  rupture  the 
attenuated  covering.''  Isi  this  opinion  heboid  coincides ;  and  the  Bev.  W. 
Smith  (A.  N.  H,  1850,  p.  4)  represents,  on  the  authority  of  Mr.  Jenner,  the 
bursting  of  a  sporangium  of  Cflotterkm,  ac&ro$viimy  and  the  development  <rf 
young  fitonds  from  its  contents. 

Bnnm,  in  his  philosophical  treatise  (op.  cit.  B.  8,  p.  133),  remarics  of  the 
products  of  conjugation  in  the  Desmidieee,  that  '<  they  do  not  pass,  like  the 
Bwanning-cells  of  the  Palmellace»  and  the  reproductive  cells  of  the  Dia- 
tomaoeiB,  direetiy  and  by  uninterrupted  growth  into  the  primary  generation 
of  the  new  vegetative  series,  but  persist  for  a  long  time  in  a  conchtion  of  rest> 
during  whidi,  excepting  as  regards  impero^ytible  internal  processes,  they 
ranain  wholly  unchanged.  To  distinguish  these  from  the  direct  germ-cells 
(gomdiaX  I  ^^fiU  call  them  seed-cells  (spores).  The  development  of  these 
■pons  has  not  yet  been  observed ;  but  it  may  be  assumed  as  certain,  that 
they  do  not  pass  as  such  into  the  primary  generation,  but  produce  this  at  the 
period  of  germination,  by  an  internal  transformation  of  their  contents,  and 
bring  these  to  light  as  a  new  generation  with  a  dehiscence  of  the  old  en- 
velqie.  Certain  early  conditions  observed  in  Clottmum  and  Euasfyvmy  namely 
fomilies  of  unusually  small  individuals,  enclosed  in  transparent  colourless 
vesieies,  render  it  even  probable  that  in  certain  genera  of  Desmidieee,  a 
nomber  of  individuals  are  produced  frx>m  one  spore,  by  a  formation  of  transi- 
tory gonerations  occurring  already  within  the  spore.    The  endosing  vesicle 
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is  probably  the  didsolved  and  swoUen-up  internal  oell-ooat  of  the  ftpore^ 
which  holds  the  young  individuals  combined  for  some  time  after  the  outer 
coat  of  the  spore  has  been  thrown  mSL" 

Although  Brann  has,  in  the  preceding  account, made  use  of  the  term  ''spore'' 
to  express  the  conjugation>pioduct,  yet,  in  the  very  admission  that,  in  l^oee 
DesmidiesB  in  which  only  we  have  any  clue  to  the  subsequent  history,  it 
produces,  not  a  single  individual,  as  does  a  spore  commonly  so  called,  but  a 
multitude,  he  essentially  agrees  with  Mr.  BaLGi,  who  prefers  to  call  the  body 
acapsule.  We  may  quote  Mrs.  Thomas  in  support  of  the  same  view ;  for  she 
considers  the  sporangium  a  ciq»ule,  or  {T.  M.  S.  1855,  pp.  36,  37)  ''  the 
winter  casing  of  a  luge  number  of  young  plants  which  escape  from  it  by 
rapidly  knoctong  against  its  walk,  when  these  have  been  loosened  by  spring 
warmth,  or  whidi  grow  up  as  the  walls  gradually  decay  in  the  midst  of  slimy 
gelatinous  masses."  In  proof  of  this  opinion  this  lady  appeals  to  the  immense 
in<5rease  in  the  number  of  plants  seen  in  the  spring  beyond  what  can  be  ex- 
plained as  the  result  of  self-fission. 

In  her  opinion  the  sporangium  is  a  capsule  (L  S,  9)  filled  with  sooepores 
similar  to  tiiose  moving  granules,  supposed  to  be  such,  seen  within  the  full- 
grown  plant,  capable,  when  their  fitting  time  comes,  of  filling  the  waters 
with  their  countless  progeny. 

In  these  accounts  there  is  a  pervading  harmony ;  and  the  truth  seems  to 
be  that,  by  the  formation  of  a  sporangium,  provision  is  made  for  the  per- 
petuation of  the  species  through  the  winter,  when  the  large  majority,  at 
least  of  adult  plants,  have  ceased  to  exist  The  phenomenon  is  deaily 
analogous  to  that  of  the  formation  of  seeds  by  herbaceous  plants,  or  of  ova 
by  insects  and  other  animals,  when  the  cyde  of  existence  of  the  parent  being 
is  complete,  or  is  put  an  end  to  by  unfavourable  external  circumstances. 

Braun  has  expressed  the  sequence  in  the  phases  of  existence  in  the  follow- 
ing technical  language  (B,S,  p.  133): ''  In  the  Desmidiacese,  the  Zygnemaoese, 
and  in  PalmoglcM,  &e  transitional  generation  is  divided  into  a  double  one, 
since  the  last  generation  does  not  pass  directly  into  the  first,  but  the  first 
generation  of  iSie  succeeding  cyde  is  produced  as  a  new  structure  in  the  ger- 
mination ;  so  that  we  have  here  to  distinguish  three  kinds  of  generation  of 
pells, — ^the  commencing  generation,  the  conduding  generation,  and  the 
intermedin  vegetative  generations."  The  last-named  is  represented  by  the 
process  of  self-fission,  which  takes  place  in  the  perfect  pluit,  and  is  con- 
tinued through  a  long  series  of  individuals. 

Between  its  first  appearance  and  its  ullimate  development,  the  sporangium 
of  DesmidiesB  undergoes  a  progressive  series  of  changes ;  at  first  it  is  pale 
and  homogeneous,  but  soon  gets  granular,  acquires  a  gradually  deepening^ 
green  colour,  and  presents  vesides  and  globules  in  large  number.  The  enve- 
lope, at  first  very  delicate,  augments  in  thickness,  and  becomes  lined  by 
oilers,  whilst  its  surface  dther  remains  smooth  or  becomes  granular,  tuber- 
culated,  or  9pvMU8,  and  the  spines  themsdves  in  many  instances  forked  or 
branched  (II.  15,  22,  25,  30,  34).  Simultaneoudy  with  these  changes  the 
integument  increases  in  density,  and  together  with  its  processes  acquires 
considerable  firmness  and  toughness.  Moreover,  as  it  advances  in  age  it 
usually  assumes  a  reddish-brown  colour;  when  this  has  happened,  the 
sporangium  and  contents  may  be  presumed  to  have  readied  matimty. 

Mrs.  Thomas  {op.  eit,  p.  35)  tlunks  she  encountered  a  mature  sporangium 
of  Cosmarium  margaritiferum  in  the  diape  of  a  many-coated  ball  filled  with 
granules  in  the  same  rapid  motion  as  observed  in  the  full-grown  Ootmarium 
(I.  10,  11).  ''  The  similarity  of  the  movement  (she  says)  attracted  my 
attention ;  and  I  also  saw  that  in  one  part  the  endosing  membrane  i^peaied 


Digitized  by  VjOOQ IC 


OP  THE  BXSMIBIBJB.  17 

thinner^  as  if  giving  way  at  that  spot.    On  the  third  morning  the  membrane 
had  broken  and  ti^e  granules  escaped^  leaving  the  nearly  emptied  case" 

a.  12). 

Inasmuch  as  a  sporangium  may  pass  successiyely  from  a  smooth  to  a  spinous 
condition,  it  £>llow8  that  the  transitional  stages  of  one  species  may  be  wiinfAVfm 
&r  the  final  stage  of  another ;  hence  a  difficulty  in  determining  to  what  plant 
detached  scattered  sporangia  may  belong.  It  is  only,  indeed,  when  these  seed- 
capsules  occur  in  company  with  ^e  fronds  produciog  them  tliat  we  are  enabled 
to  pronounce  decisiYely  by  what  species  they  are  generated. 

As  the  fi>r^;oing  account  of  conjugation  and  sporangia  passed  through  the 
press,  we  met  with  the  valuable  paper  of  Dr.  Hofineister  on  the  propagation 
of  the  DesmidieeB  and  Diatomeee,  translated  by  Prof.  Henfrey  from  the 
Bqx>rt  of  the  Natural  Eiftary  Society  of  Saxony  for  1857.  This  commu- 
nication tends  to  dear  up  the  questions  of  the  nature  of  the  sporangia  and  oi 
the  relation  of  their  contents  to  the  propagative  process.  The  conciseness  €i 
tiie  description  renders  abridgment  undesirable ;  and  we  accordingly  present 
it  (so  fiur  as  it  relates  to  the  points  in  question)  as  it  stands  in  the  Annais  of 
Naktral  mstory  (1858,  L  p.  2)  :— 

"The  conjuga^  indi^uals  of  Coemarium  ieiraophihalmum  displayed 
exactly  tiie  behaviour  which  Balfe  has  represented  and  Braun  described  of 
those  of  Coemarkim  margariUferum,  The  Caemaria  which  had  commenced 
the  conjugation  process  appeared  cracked  apart  at  the  constricted  place  in  the 
middle.  Into  c^ich  of  the  halves  of  the  tuberculated  cell-coat  of  the  two 
mother-individuals  extended  a  continuation  of  the  membrane  of  the  conju- 
gation-celL  This  smooth  membrane  completely  lined  the  interior  of  the 
tuberculated  half-shells.  The  contents  of  the  conjugation-cell  revealed  no 
definite  arrangement ;  they  were  mostly  accumulated  in  the  middle  into  an 
irregulariy-shaped  ball ;  in  other  cases  separated  into  several  such  balls,  part 
of  which  extended  even  into  the  split  half -shells  of  the  mother-cell.  With 
tiiese  conjugated  individuals,  in  the  same  fluid,  occurred  (very  sparingly)  par- 
ticular specimens  which  bore,  in  the  middle  space  between  iiie  two  separated 
half-sheUs,  a  broad,  delicate- walled  utricle,  the  circumference  of  which  about 
equalled  that  of  the  two  half-cells  taken  together.  The  arrangement  of  the 
cdl-eontents  in  the  primary  portions  of  the  cell  did  not  appear  essentially 
altered ;  the  contents  of  the  intermediate  expansion  consisted  of  a  thick  coat 
upon  the  wall  of  granular  protof^lasm  with  sparingly-scattered  chlorophyll, 
lids  condition  is  probably  that  which  immediately  precedes  conjugation, 
originating  by  excretion  of  new  cellulose  at  the  deepest  part  of  the  constric- 
tion, after  the  cracldng  of  the  membrane  and  separation  of  the  primary  halves 
of  the  cell,  exactiy  as  in  normal  cell-division,  from  which  this  process  can 
only  be  distinguished  by  the  omission  of  the  formation  of  a  septum  at  the 
narrowest  part  of  the  isthmus.  Similar  phenomena  have  been  observed  by 
Nageli  in  Coemarivm  crenulatum,  and  by  Mrs.  Herbert  Thomas  in  Coemarium 
marg€ariHfer%im  (scarcely  specific^y  distinct  from  O,  Uira^kthahntmC),  only 
that  here  the  interme&te  piece  of  the  Alga  did  not  conjugate  with  the 
similar  piece  of  another  individual,  but,  producing  tubercles  on  its  outer 
sur&ee,  continued  the  vegetative  life. 

''  In  other  conjugation-cells  there  lay,  in  the  middle  part  of  the  conjugation- 
cell,  a  globular  cell  enveloped  in  a  rather  thick  membrane,  of  gelatinous 
aspect,  and  smooth  on  the  outside  (the  spore).  No  intermediate  stages  could 
be  found  between  this  and  the  previously-described  condition.  Experiments, 
in  which  an  attempt  was  made  to  obtain  a  completion  of  the  less-advanced 
conjugation  under  the  microscope,  all  £uled.  Apparentiy  the  conjugation- 
cell  is  exceedingly  sensitive  to  any  external  injury,  especially  to  contact  with 
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foreign  bodies.    Very  probably  the  contents,  in  the  above-described 
were  already  abnormally  altered,  and  incapable  of  torther  developnient. 

"  In  other  conjugation-cells  the  yonng  spore  displayed  a  still  thicker  mem- 
brane, covered  on  the  outside  with  truncate-conical  elevations,  in  which 
membrane  could  be  detected  a  composition  of  two  colourless  layers.  The 
outer  of  these  layers  remained  clear  and  transparent  even  in  the  advance  to 
maturity.  Its  elevations  became  developed  into  rather  long  spines,  which 
forked  at  the  apices  into  two  or  four  branches.  The  deeper-seated  layer  oi 
the  spore-membrane  meanwhile  assumed  a  dark-brown  colour.  By  roUing 
under  the  covering-^glass,  the  tough,  colourless,  outer  layer  may  be  readily 
stripped  from  the  inner,  more  brittle,  brown  layer ;  then  the  latter  appears 
covered  on  its  outer  sur&ce  with  slight  elevations,  similar  to  those  which 
first  appeared  upon  the  young  spore.  The  brown  layer  of  the  spore-ooat 
encloses  a  third,  delicate,  colourless  layer  (perhaps  the  primary  membrane 
of  the  spore)  which  immediately  envelopes  the  cell-contents. 

**  At  tiie  beginning  of  July,  the  green  contents  of  all  the  spores  appeared 
conglobated  into  a  spherical  mass  with  sharp  outlines,  which,  lying  free  m 
the  middle  part  of  the  cell,  nowhere  touched  its  internal  wall.  Three  weeks 
later,  in  many  of  the  spores  these  contents  appeared  separated  into  two 
flattened  ellipsoidal  masses;  when  I  cracked  the  cell  by  careful  pressure, 
I  was  sometimes  successful  in  driving  out  one  or  both  of  the  masses  of 
contents  in  an  uninjured  condition.  They  could  then  be  recognized  beyond 
all  doubt  as  primordial  cells;  bodies  destitute  of  a  solid  cell-membrane, 
having  a  thin  coat  of  protoj^sm  which  '  bubbled '  out  in  water,  to  which 
adhered  a  thick  investment,  coloured  bright  green  by  numerous  imbedded 
chlorephyllrgrannles,  surrounding  a  central  cavity  filled  with  transparent 
fluid.  Ihe  fluid  contained  in  the  spore  in  which  the  two  primordial  ceUs 
were  immersed,  was  not  colourless,  but  rendered  turbid  by  numerous  im- 
measurably small  granules  exhibiting  molecular  motion.  In  August  each  of 
the  ellipsoidal  primordial  cells  had  divided  into  two  globular  cells,  of  similair 
character  to  the  mother-celL  Towards  the  end  of  September,  some  of  the 
spores  exhibited  another  such  division,  so  that  they  then  contained  eight,  not 
globular,  but  strongly  flattened  primordial  cells.  Most,  however,  passed 
threugh  the  winter-rest  unchanged,  during  which  the  majority  died.  At 
the  beginning  of  April  of  the  next  year,  the  spinous,  transpu^ent,  outermost 
layer  of  the  coat  was  more  or  less  completely  decayed  on  all  the  spores,  even 
on  those  which  were  still  to  be  recognized  as  living  by  the  vivid  green  colour 
of  the  contents.  All  the  spores  still  alive  contain^  at  least  eight,  many  six- 
teen daughter-cells,  all  very  strongly  flattened,  almost  discoid.  In  several 
spores  the  outline  of  the  daughter-cells  was  no  longer  circular,  but  displayed 
two  shallow  lateral  notches.  The  still-existing,  brewmsh,  inner  layer  of  the 
spore-coat  was  now  seen  tb  be  softened ;  it  no  longer  exhibited  its  former 
brittleness,  and  it  was  difficult  to  crack  it  by  jHressure.  Daughter^ceUs  whose 
lateral  constrictions  were  most  strongly  marked,  were  about  half  as  large 
again  as  the  circular,  whose  diameter  about  equalled  that  of  the  isthmus  of 
the  former,  and  they  almost  entirely  filled  up  the  cavity  of  the  spore.  When 
these  were  pressed  out  frx)m  the  crushed  spore,  their  form  and  slec  agi^ed 
almost  exactly  with  that  of  Cosmarium  MenegMnii. 

"  1  saw  similar  phenomena  in  the  spores  of  Comnarium  undul^itum  (Gorda), 
in  which  the  investigation  is  rendered  very  difficult  by  the  minute  sice,  and 
which,  cultivated  for  some  months  in  my  room,  entered  abundantly  into  ccm- 
jugation.  In  this,  again,  I  observed  the  contraction  of  the  green  contents  of 
the  cell  into  a  globule  occupying  the  central  part ;  the  division  of  this  ball 
into  two,  four,  eight,  and  sixteen  spherical  masses ;  finally^  the  transiticm  <^ 
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tiiese  dan^ter-ceUs  of  the  last  generation  from  the  fonn  ai  ciicnlar  lenticuhur 
bodiee  into  two-lobed  ones  Hke  the  mother-plant.  Here  the  young  Cosmaria, 
vhose  diameter  amounted  to  scarcely  ^th  or  ^th  of  that  of  the  mother-plant, 
were  set  free  by  tiie  Tery  gradual  solution  of  the  membrane  of  the  spore.  A 
nmilar  prooesa  yeiy  probably  ooourred  in  Ctmnarium  tefyracphthalmum,  but 
eoold  not  be  observed  there,  from  the  circumstance  that  all  the  materials  had 
been  used  up  in  the  investigation. 

'''Th^e  fricts  place  it  beyond  doubt  that  the  contents  of  the  spores  produced 
by  the  conjugation  of  two  individuals  of  Cosmarivmy  are  transformed  by 
repeated  binary  division  into  eight  or  sixteen  daughter-cells,  which  assume  the 
^Hm  of  tiie  mother-cell,  and  finally  become  free  by  the  solution  of  the  wall 
of  the  spore.  Such  behaviour  of  the  spores  had  iudeed  been  rendered  pro- 
bable before,  by  the  diseoyery  of  the  vesicular  structure  observed  by  Focke 
and  Balfe,  which  endoeed  a  number  of  small  Cloeteria,  for  the  most  part 
beginning  to  divide.  But  the  certainty  which  can  only  be  given  by  direct 
olMrvation  of  the  deyelopment  was  altogether  wanting. 

^  The  deyelopment  of  four  daughter-cells  in  the  interior  of  spores  produced 
by  Ihe  eonjugation  of  two  indivi£ials  (with  participation  of  the  whole  of  the 
eell-memlnane),  has  been  demonstrated  by  Alex,  fiiaun  for  the  PalmeDaoean 
IWmoglaea  macroeoceay  Kiitz.  (?).'' 

^[lorangia  are  the  (mly  portions  of  Desmidieee  of  past  eras  which  have  been 
preserved  to  us  in  a  trufy  fossil  oon£tion.  Ehrenberg  discovered  certain 
ortncular  and  spinous  bodies  in  flint,  some  of  which  he  referred  to  the  genus 
XtmOddhun  among  the  DesmidiesB,  and  others  to  Pyxidi^vla  among  the  Bia- 
tome®.  However,  as  Mr.  Balfo  remariLS  (p.  13),  this  association  is,  no  doubt, 
erroneous,  since  in  true  XafUhidia  the  cell  is  compressed,  bipartite  and  bi- 
valved,  whilst  in  these  fossils  it  is  globose  and  entire,  and  there  can  be  no 
doubt  that  they  are  foesQ  sporangia  (XVU.  506  to  515). 

To  quote  Mr.  Kalfo's  account  (p.  13) — "  The  fossil  forms  vary  like  recent 
^orangia,  in  being  smooth,  bristiy,  or  furnished  with  spines,  which  in  some 
are  simile,  and  in  others  branched  at  the  extremity.  Sometimes,  too,  a 
membraaie  may  be  traced  even  more  distinctly  than  in  recent  specimens,  either 
covering  the  spines  or  entangled  with  ihem.  Some  writers  di«oribe  the  fossil 
forms  as  having  been  siHcious  in  tiieir  living  state ;  but  Mr.  Williamson  in- 
fonns  me  that  he  possesses  specimens  which  exhibit  bent  siunes  and  torn 
nazgins,  and  thus  wholly  contradict  the  idea  that  they  were  silicious  before 
they  were  imbedded  in  the  flint." 

Another  mode  of  propagation  is  presumed  to  take  place  by  means  of  the 
aetive  molecules  seen  within  the  frxmds  of  DesmidiesB — ^in  other  words,  by 
aoospores,  as  happens  in  many  fomilies  of  Algse.  M.  Morren  advanced  this 
iioti<nL,  and  imagined  the  mhmte  particles  which  he  denominated  "  propa* 
gales,"  to  be  at  once  transformed  into  small  fronds.  Mr.  Ealfo  countenances 
the  opinion  so  for  as  to  say  that  the  escape  of  the  granular  contents  of  the 
nature  frond  is  j^bably  one  mode  of  reproduction.  He,  however,  Hkevrise 
regards  (as  Prol  W.  Smith  observes)  the  swarming  of  the  granules  as 
identieal  with  tiie  movement  of  the  zoospores,  and  confesses  to  his  ignorance 
of  the  history  of  the  motile  granules  after  their  escape.  But  we  perfectiy 
cdndde  with  Prof.  Smith  that  the  swarming  of  the  granules  within  a  mature 
frond  is  in  most  cases  '^a  disturbance  attendant  upon  the  decay  u^f  the 
giamilar  mass,"  and  not  a  phenomenon  connected  witii  reproduction.  Still 
our  acquaintance  with  the  swarming  granules,  particularly  after  their  escape 
from  the  frond,  is  so  imperfect  that  it  is  useless  to  speculate  on  their  frmc- 
tkmal  purpose. 

fiurenbeig,  to  carry  out  his  hypotiiesis  of  the  animal  nature  of  Desnddieee, 
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and  to  awnmilate  their  oi^ganization  with  that  he  attributed  to  other  Poly- 
gastrica,  represented  the  larger  oil-vesicles  and  starch-grains  to  be  either 
stomach-sacs  or  ova, — at  one  time  the  one,  at  another  the  other,  in  a  porely 
arbitraiy  fashion.  Some  again  of  the  more  transparent  or  refracting  vesicles 
were,  with  no  shadow  of  reason,  called  fecundating  or  spermatic  glands.  An 
attempt  to  show  the  error  of  such  an  hypothesis  of  internal  organizatioii 
wonld  be  fiitile  and  uncalled  for  at  the  present  day. 

.  Habiiats,  DrsTRiBunoK,  AppEAiuifCE  nr  Masses,  and  Vital  EirnowifEKTB 
OF  Desiodikb.  Yeoetable  Natube  akd  AFFimiTiEs.  Mode  op  Collbctioh. — 
The  DesmidiesB  live  in  fresh  water,  in  ditches  and  ponds,  and  rarely  in 
streams,  except  when  these  are  very  sluggish.  They  will  often  rapidly  appear 
in  a  recent  collection  of  water,  and  are  not  destroyed  when  the  pool  is  dried 
up,  as  their  reappearance  immediately  after  a  shower  proves ;  nevertheleesy 
ponds  which  do  not  diy  up  during  the  summer,  and  pools  in  boggy  ground, 
are  richer  in  these  organisms,  provided  the  water  remains  sweet.  To  quote 
Mr.  Balfis's  experience — **  The  Desmidiese  prefer  an  open  country.  They 
abound  on  moors  and  in  exposed  places,  but  are  rarely  found  in  shady  woods 
or  in  deep  ditches.  To  search  for  them  in  turbid  water  is  useless ;  such 
situations  are  the  haunts  of  animals,  not  the  habitats  of  the  Desmidie®,  and 
the  waters  in  which  the  latter  are  present  are  always  dear  to  the  very  bottom." 
They  no  doubt  inhabit  the  fresh  waters  in  all  parts  of  the  globe,  for  they 
have  been  found  wherever  sought  in  each  hemisphere.  Still  the  several 
genera  and  species  are  not  universal,  for,  as  in  the  case  of  higher  plants, 
some  species  are  peculiar  to  one  coun^,  others  to  another ;  and  in  the  same 
country  the  presence  and  prevalence  of  any  one  species  will  be  determined 
by  the  physical  features  of  localities,  by  the  nature  of  the  soil,  and  the  like, 
llie  distribution,  however,  of  the  Desmidieffi  has  not  been  inquired  into  so 
folly  as  to  justify  any  attempt  to  lay  down  special  laws. 

Oftentimes  in  small  collections  of  water,  DesmidiesB  of  the  same  or  of 
various  species  and  genera  multiply  to  such  an  extent  as  to  colour  the  water, 
and  in  the  case  of  Qie  filamentous  species,  to  appear  in  filmy  masses  on  the 
sur&ce  or  at  the  bottom  of  the  pool ;  still  this  enormous  midtiplication,  and 
the  coloration  of  the  water  they  inhabit,  are  &r  less  frequent  in  the  case  of 
^e  family  in  question  than  wi^  others — ^for  instance,  the  EuglenesB,  or  even 
the  Diatomefle. 

Mrs.  Thomas  (op,  eU,  p.  36)  has  described  the  green  masses  formed  by 
Cosmarium,  which  during  summer  and  autumn  *'  wonld  float  to  the  surfoce, 
rapidly  disengaging  oxygen  as  the  sun  shone  on  them,  and  sinking  again  to 
the  bottom  with  the  coolness  of  the  evening.  Later  in  the  year,  masses  would 
adhere  to  the  inner  sur&ce  of  the  bottle  in  the  form  of  a  thin  pellicle,  or 
collect  in  slimy  masses,  which  appeared  to  dissolve  with  the  warmth  of  the 
ooming  spring.  The  green  colour  changed  to  that  of  a  reddish  yeUow;  and  it 
might  have  been  thought  that  all  was  dead,  did  not  the  microscope  show  the 
same  beautifril  green,  both  in  young  and  frdl-grown  plants,  together  with  mudh 

bright  red  and  brown,  apparently  the  casings  of  the  sporangia Large 

Cosmaria  still  in  active  motion  (the  remains  of  the  mature  growth  of  the  pre- 
ceding summer)  lay  imbedded  in  the  mass,  when  a  small  portion  was  separated 
for  microscopic  observation,  as  well  as  dusters  of  young  ones  (I.  13,  14). 
When  the  bottle  had  remained  more  than  a  year  untouched,  except  for  change 
of  water,  these  masses  increased  in  leathery  hardness ;  green  life  was  not 
extinct,  but  became  feeble  in  colour,  and  too  much  changed  to  warrant  ftnrther 
observaticms,  while  a  small  portion  placed  in  another  bottle,  and  more  freely 
exposed  to  the  light,  multiplied  with  great  rapidity." 

Many  of  the  vital  endowments  of  the  Desmidiese  have  already  been  de- 
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senbed:  we  hare  noted  th^  process  <tf  reproduction  and  of  growth,  the 
moleeiilar  and  circnlatoiy  moyements  within  them,  their  slight  locomotiYe 
power;  bat  besides  these,  there  are  others  requiring  to  be  mentioned:  for 
instance,  tbeir  powers  of  secretion  are  highly  pronounced ; — ^the  production 
of  firm  enyelopes  to  fronds  and  sporangia ;  the  formation  of  starch-grains,  of 
oolonring  matter,  and  of  (nl-globnles  within ;  the  exhalation  of  oxygen  fit>m 
the  sur&oe, — a  respiratory  act ;  and  lastly,  their  ability  to  resist  decomposition. 

The  BeemidieflB  serve  as  food  to  many  sorts  of  small  aquatic  animals,  to 
the  Botifera,  to  yarions  Annelida  and  small  Gmstacea,  and  to  the  freshwater 
MoUusca.  They  are  supposed  also  to  preserve  the  freshness  of  the  water, 
and  by  the  oxygen  they  exhale,  to  fbmish  the  vital  air  necessary  to  the 
respiration  of  the  aquatic  animals  found  with  them.  They  are  subject  to 
destmetion  not  only  in  the  way  of  supplying  food  to  animals,  but  idso  by 
disease.  Por  instance,  Cohn  has  shown  {Entw.  d,  nUkr,  Alg,)  that  the 
Closteria  are  attacked  by  a  microscopic  unicellular  fbngus,  called  cfhytridittmy 
the  spores  of  which  affix  themselves  on  the  integument,  and  on  germinating, 
penetrate  the  cavity  of  the  frond  by  their  delicate  fibres,  and  induce  a  pro-* 
gresflive  Ineaking-up  and  absorption  of  the  contents,  untU  nothing  but  the 
empty  hull  of  the  plant  remains. 

Mr.  Bal&  has  the  fdObwing  remarks  (p.  13) : — '<  In  all  the  Desmidieee,  but 
especially  in  Chttenwn  and  Mieragterias,  small,  ccmipact,  seed-like  bodies  of 
a  Uackish  cobur  are  at  times  met  with.  Their  situation  is  uncertain ;  and 
their  number  varies  from  one  to  four.  In  their  immediate  neighbourhood  the 
endochrome  is  wanting,  as  if  it  had  been  required  to  form  them,  but  in  the 
rest  of  the  frond  it  retains  its  usual  character  and  appearance.  I  cannot 
satisfy  myself  respecting  the  nature  of  these  bodies ;  but  I  believe  them  to 
arise  frtnn  an  unhealthy  condition  of  the  plant,  or  else  to  be  parasitic."  With 
respect  to  the  views  expressed  in  this  extract,  we  are  disposed  to  think  Mr. 
Balfo  right  in  his  ccmclusion  that  the  black  bodies  he  met  with  were  parasitic ; 
and  on  comparing  his  account  with  the  figures  and  description  of  the  parasitic 
Ckytridium  in  Cohn's  memoir  (Entw.)y  it  seems  to  us  highly  probable  that  the 
^kibules  referred  to  were  no  other  than  the  spores  of  that  microscopic  fdngus« 

For  a  long  time  discussion  was  rife  respecting  the  animal  or  the  yegetable 
nature  of  the  Desmidiee.  That  it  was  the  former  was  the  prevailing 
noticm  until  within  the  last  few  years,  when  the  improvements  in  the 
microscope,  and  the  more  extended  and  accurate  knowledge  of  the  features 
of  yegetable  life  in  its  simplest  manifestations,  rendered  this  opinion  no  longer 
tenaUe,  and  at  the  present  day  it  may  be  considered  exploded.  It  is  un- 
necessary, therefore,  to  go  minutely  into  this  question ;  for  it  will  suffice  to 
indicate  the  most  striking  distinctiye  characters,  espemlly  those  which  rest 
upon  the  affinities  of  the  fiunily  under  consideration.  Those  readers  who 
would  see  the  point  fully  discussed  will  do  well  to  refer  to  Mr»  Haifa's  admi- 
rable monograph,  to  which  we,  and  others  also,  resort  as  to  a  mine,  for  the 
materials  to  build  up  a  history  of  the  DesmidiesB. 

An  <dd  argument  advanced  by  Ehrenberg  for  the  animaHty  of  the  Des- 
midiese,  Was,  that  they  had  a  power  of  yoluntary  moyement  Hke  animals. 
Without  staying  to  consider  the  loose  and  unplulosophic  use  of  this  term 
voluntuy,  as  applied  to  the  motion,  whether  in  the  DesmidieeB  or  in  the 
ginqilest  animal  existences,  its  occurrence  can  be  no  proof  of  animal  life, 
seeing  that  it  is  exhibited  by  acknowledged  plants,  and  in  a  still  more  marked 
manner  by  their  spores.  Moreover,  such  movements  are  doubtless  efiected 
by  cilia,  both  in  the  animal  and  yegetable  worid  alike,  and  are  likewise 
determined  by  the  vital  processes  going  on  within  and  also  without  these 
simple  organisms,  in  relation  with  external  media  and  with  surrounding 
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physical  conditionB.  Sieboldy  quoting  Niigeli's  opimons.  Bays  (J.  M.  S.  i. 
p.  120) — '^  The  alow  taming,  and  at  ike  same  time  rare  moyementa  of  the 
Chsteria  (the  genus  in  which  motion  is  more  erident),  present  no  charaetor 
of  spontaneity;  these  motions  are  merely  the  consequence  of  an  active 
endosmosis  and  ezosmosis,  by  which  the  water  immediately  surroonding  the 
Chsteria,  and  consequently  themselves,  are  put  into  motion."  Again,  as  Mr. 
Balfis  remarks,  the  motive  power  is  less  in  degree  than  in  the  DiatomesB. 

Cell-multiplication  by  fission  or  transverse  division,  enumerated  by  Siren- 
berg  as  an  animal  peculiarity,  is  now  so  completely  established  as  a  vegetable 
phenomenon,  that  it  can  claim  no  consideration  when  the  question  of  the 
actual  affinities  of  a  disputed  organism  is  to  be  solved.  And  equally  unde- 
serving of  critical  examination  at  the  ju'esent  day  is  the  compkz  animal 
organization  attributed  by  the  Berlin  microscopist  to  the  fronds  of  DesmidieiB. 
Concerning  the  apparent  sac  containing  the  moving  particles  in  the  Clo$teria 
and  in  other  genera,  regarded  by  Mr.  Dalrymple  as  a  vegetable  peculiarity, 
Mr.  Balls  observes,  ^'  I  confess  I  am  unable  to  refer  to  any  example  in  other 
Algse  of  terminal  globules  like  those  present  in  the  Clogteriay  but  neither  can 
one  be  found  amongst  animals ;  and  if  in  some  respects  they  have  an  analogy 
with  organs  belonging  to  the  latter,  in  others  they  agree  better  with  vegetable 
life.''  On  another  argum^it  raised,  the  same  autiior  remarks,  "  The  con- 
traction of  the  internal  membrane  of  the  Olosteriay  or  the  expulsion  of  &eir 
contents  on  the  application  of  iodine  or  other  reagents,  cannot  be  relied  upon 
as  a  satia&ctory  test  for  determining  their  nature ;  for  the  blandest  fluids  will 
in  some  cases  (both  among  recognixed  Algee  and  the  Closteria  themselvee) 
occasion  violent  action."  On  the  otiier  side  of  the  question,  the  act  of  swarm- 
ing, the  emiBsion  of  actively  motile  germs  (presumed  in  tiiis  femily),  the 
presence  of  starch  and  of  chlorophyll,  the  chemical  relations  between  these 
substances,  and  also  with  the  oily  matters  formed  in  the  fronds,  the  exhala- 
tion of  oxygen  in  sunlight,  and  the  absence  of  asotized  material  in  their 
chemical  constitution  i^imish  reasons  for  arranging  the  Desmidie»  with 
plants.  Besides  these  reasons,  others  are  found  in  tiie  general  form  and  in 
the  modes  of  propagation  being  precisely  analogous  with  those  in  admitted 
unicellular  Al^.  Their  intimate  affinities  with  Algse  are  shown  by  the  £Bu;t 
that  Meneghini  and  KUtzing  placed  Merismopcedia  among  the  Desmidiefle» 
and  that  Braun  refers  the  two  genera  Scmedesmtu  and  Pediastrum,  included 
by  Ehrenberg  himself  in  the  ^Emiily  in  question,  to  the  Palmellaoee.  The 
process  of  conjugation,  which  has  been  often  appealed  to  as  a  characteristio 
of  plant-life,  would  appear,  however,  to  be,  in  exceptional  cases  and  under 
pecmliar  modifications,  also  an  animal  phenomenon,  and  therefore  inapplicable 
as  a  test. 

Meneghini,  who  contends  for  the  animality  of  the  DiatomesB,  has  pro-« 
nounced  {B,  8.  p.  497, 1853)  the  opinion  that — ''  The  Closteria  and  Bes- 
midiesB  in  general  are  plants,  and  not  animals.  In  the  actual  state  of  science 
we  are  compelled  to  a<hnit  this  proposition.  The  organic  structure,  the  phy- 
siological phenomena,  the  history  of  their  development,  the  diendcal  matmals 
they  contain,  manifest  in  these  beings  a  perfect  correspondence  with  others, 
which  in  every  point  of  view  correspond  with  the  abstract  idea  of  a  plant. 
But  what  they  present  in  common  with  other  beings  evidently  <uiini<Ll,  is 
merely  an  appearance,  or  at  the  most,  a  resemblance  in  external  ferm. 
Ehrenberg  was  misled  by  this  appearance,  and,  guided  by  this  felladous 
similitude,  thought  that  he  discovered  in  the  Desmidiese  the  same  organic 
peculiarities  which  proved  the  animality  of  other  beings." 

Bespectmg  the  affinities  of  the  Desmi^esB,  Mr.  Balfs  states  that,  "  on  one 
side,  they  are  allied  to  the  ConjugataB  (Zygnemess)  by  similarity  of  reproduc- 
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tioQ,  and  on  the  other  to  the  PahneUeao,  by  the  nsoftlly  oomplete  transverse 
diTiskni,  and  by  the  presence  of  a  gelatinoiis  investment.  Indeed  the  relation 
to  the  latter  is  so  intimate,  that  it  is  difficult  to  say  to  which  fiunily  some 
gcneia  bekmg.  .  •  .  Scmie  spedes  of  Scenedemmu  may  be  allowed  to  have  an 
almost  equal  daim  to  raiSk  with  either."  Again,  they  are  rdated  to  the 
I>iatomett  by  shnilarity  in  the  reproductive  process. 

In  Ehr^iberg's  system  of  Polygastriay  the  CloBteria  were  placed  together 
as  a  distinet  family,  under  the  name  of  dosterinay  whilst  all  the  other  genera 
of  Desmidie»  were  ranged  as  a  section  of  the  Bacillaria.  This  separation, 
baaed  aa  it  was  upon  presumed  structural  peculiarities,  is  no  longer  accepted 
by  mierosoopistB,  who  cojoin  Ch$Urium  wUh  the  several  genera  included  in 
Ehrenbeig's  section  Deemidiacea  in  one  group-— the  Desmidiee. 

The  divisicm  of  this  fEunily  proposed  by  Mr.  Bal6  is  made  according  as — 
1.  The  plant  forms  an  elongated  jointed  filament  (by  incomplete  division  of 
its  ceUs) ;  or — 2,  The  finond  is  simple,  from  oomplete  transverse  division,  and 
^Qstineily  constricted  at  the  junctaon  of  the  segments,  which  are  seldom  kmger 
than  broad;  sporangia  ^inous  or  tuberculated — ^rardy, if  ever,  smooth ;  or — 
3.  The  frond  is  simple,  as  above,  generally  mueh  elongated,  never  spinous, 
frequently  not  c^isbicted  at  the  centre;  sporangia  smooth;  or— -4.  Cells 
elongated,  entire,  fiasciculated ;  or — 5.  The  frond  composed  of  few  cells,  de- 
finite in  number,  and  not  foiming  a  filament. 

This  last  section  is  so  ezceptiGaial  in  general  characters,  and  especially  in 
the  mode  of  reproduction,  that  Braun  detaches  it  firom  the  BesmidiefB  and 
assodates  it  wi&  the  Palmdlete.  In  this  plan  we  coincide,  and  have  there- 
fore treated  separately  this  last  section  of  Mr.  Balfs,  comprehending  PedioM- 
trumssid  SeenecUtmus. 

Kiitring  (Species  Algarum)  includes  the  Desmidiee  in  his  subclass  Maia- 
OOPHTCXJB,  suborder  Ghamsephycett. 

Mr.  BaJ&  enumerated  20  genera ;  vix. — ^In  Beet  1,  Eyalotheeay  Didymo^ 
prium,  Detmidivm,  Aptogonium,  Sphcerozomna.  Sect.  2,  Micra$tena$y  Euas^ 
trum,  Camnariumf  ^nMdium,  Arihrode$mu8,  Stawrailrwn,  Didymoeladon. 
Sect.  3,  Tetmemorue^  Pemvmy  Doculivan^  OhsUrwmy  Spirotamia.  Sect.  4, 
AnJeistrodemma  (Bhaphidiwn).    Sect.  5,  PediatUrumy  Seenedesmus, 

When  compilmg  his  syst^natic  work,  Eutzing  appears  not  to  have  seen 
Mr.  Balfs's  monograph,  but  only  his  detoched  papers  in  the  Magarines,  and 
consequently  was  unable  to  ccmipare  the  genera  established  by  the  English 
authmr  with  those  described  by  himself.  The  consequence  is  that  Eiitxing 
describes  several  genera  not  admitted  by  Mr.  Balfs,  who  has  otherwise  dis- 
posed their  representative  q>ecies,  disallowiag  the  supposed  distinctive  generic 
character.  Nevertheless  it  seems  desirable  to  enumerate  the  additional 
genera  of  Eiitsdng,  since  seyeral  are  new  (unnoticed  by  our  English  authority), 
and  derived  from  the  papers  of  Ehr^aberg  or  of  other  observers,  or  from  his 
own  researches.  Those  instituted  by  Ehrenberg  were  introduced  in  our  last 
edition. 

The  additional  genera  are: — Trochiscia  (K.),  Te^medron  (K.),  PUhiseui 
(X.),  Stauroeeros  (K.),  Polysolema  (£.),  Mierotheea  (E.),  Polyedrwn  (Nageli), 
ZygoxaMthium  (E.),  Phycastrum  (£.),  AiUroxanihium  (K.),  Stephanoxan- 
tMum  (K.),  QramnuUonema  (Agardh),  Bambutina  (K.),  lithmosira  (K.), 
^pondylogHMi  (Br^bisson),  Eucampia  (B.),  OendneUa  (Turpin),  Monaeiinui 
(C6rda),  Staurogonia  (K.),  Sphcerastrum  (Meyen),  Sorastntm  (K.),  CaHas^ 
trum  (Nageli),  Bhaphidiwm  (K.),  Ooearditm  (NSgeli). 

The  value  of  the  several  genera  instituted  and  their  characteristics  form 
the  sabject  of  the  systematic  history  of  the  Desmidiese  by  Mr.  Balfs  in  the 
subsequent  portion  of  this  treatise. 
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SUBFAMILY  PEDIASTRELaBL 
(Hate  I.  37  to  69.    Plate  n.  19,  36,  37.) 

This  indudes  the  genera  MicrcuterioB  and  Arihrodemrwa  of  Ebrenbeig,  the 
Pediastrum  and  Semedewnus  of  Balfis.  Kiitzing,  and  others ;  and,  in  addition 
to  these  two,  to  follow  Nageli's  classification,  Sorastrum,  Ccsiastrwn,  and 
probably  also  Sphcerodetmus. 

At  the  time  Mr.  Balls  wrote,  much  uncertainty  prerailed  respecting  what 
should  be  considered  characteristics  of  species,  and  what  were  the  modes  of 
propagation ;  and  it  is  much  to  be  r^;retted  that,  although  some  of  the  diffi- 
culties and  doubts  are  removed,  our  knowledge  of  these  microscopic  Alge  is 
&r  firom  complete. 

Ehrenberg,  in  harmony  with  the  general  views  of  organization  he  had 
adopted,  placed  Micragterias  and  Arihrodesmus  among  the  Desmidiete,  in  the 
class  of  Polygastric  Infusoria,  and  described  the  existence  in  them  of  ova, 
stomach-vesides,  and  seminal  glands.  Yet  he  was  unable  to  point  out  one 
single  feature  really  indicative  of  their  animal  nature,  even  locomotion  being 
unrecognized.  Indeed,  among  those  who  might  be  inclined  to  follow  the 
distinguished  Berlin  naturalist  in  attributing  an  animal  nature  to  most  of  his 
Polygastria,  the  generality  would  hesitate,  in  &ce  of  the  many  intimate  ho- 
mologies, structural  and  physiological,  between  the  Pediastrese  and  admitted 
AlgSB,  to  predicate  it  of  that  group  of  organisms. 

EierrKE,  CoMPOsinoir,  and  Contehts  op  Cells. — The  individual  cells  among 
the  PediastreaB  do  not  exist  isolated  and  independent,  but  are  united  together 
in  a  frond,  in  determinate  number  and  in  a  definite  arrangement  for  each 
genus.  In  all  the  species  they  agree  in  having  a  membranous  wall  like  the 
DesmidiesB  and  Palmelleee.  We  confine  ourselves,  it  should  be  understood, 
in  noting  the  figure  of  the  cells,  to  the  mature  phase  or  stage,  which,  although 
but  one  of  several  known  phases,  is  that  most  marked,  best  understood,  and 
most  perfect. 

The  cells  of  Scenedesmus  (Arihrodesmus,  Ehr.)  (1. 37  to  43)  are  entire,  oval, 
oblong,  or  fusiform,  with  their  ends  either  rounded  or  pointed.  Their  length 
is  from  two  to  four  times  their  width  or  thickness,  and  they  are  spherical  on 
a  transverse  section.  They  exhibit  no  constriction  or  suture  at  the  middle, 
neither  in  their  wall  nor  in  their  endochrome,  and  in  these  particulars  con- 
sequently di£fer  frx)m  the  cells  of  true  Desmidieae.  The  membrane  is  fre- 
quently drawn  out  in  the  form  of  straight  or  curved  spines ;  this  happens 
usually  only  with  the  cell  at  each  end  of  the  chain  (I.  40,  41) ;  but  in  a  few 
cases,  other  cells  nearest  to  the  outer  ones  become  also  armed  with  spines 
(I.  42).  When  this  exteniion  to  the  other  cells  occurs,  Nageli  remarks  that 
the  spines  do  not  appear  oh  both  the  superior  and  inferior  extremities  of  each 
cell,  but  only  on  the  upper  of  the  one,  two,  or  three  next  within  the  one 
terminal  cell,  and  on  the  lower  extremity  of  the  same  number  within  the 
other  terminal  ceU  (I.  42).  It  is  rare  that  the  central  cells  of  the  chain  are 
armed,  and  even  when  this  occurs  it  is  only  with  short  spines.  In  addition 
to  a  spine,  or,  as  may  happen,  a  pair  of  spines  from  the  upper  and  lower  ex- 
tremity, the  end  cells  at  times  have  a  third  spine  standing  at  right  angles 
from  their  sides  (I.  41). 

The  cells  of  Pediastrum  are  considerably  compressed,  so  that  when  aggre- 
gated they  form  a  flattened  tabular  structure  (I,  44  to  48,  69  to  69).  In 
figure,  as  seen  from  above,  they  vary  according  as  they  occupy  the  margin  of 
the  collection,  t.  «.  are  peripheral,  or  are  central.  The  latter  are  polygonal, 
frequently  hexagonal,  and  no  doubt  owe  this  shape  to  mutual  lateral  pressure 
during  growth :  the  marginal  cells  have  fewer  sides,  and  are  frequently  irre- 
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gokriy  qoadrilaieraly  but  their  free  margin  is  more  or  less  deeply  notched, 
and  ^eat^ore  bilobed  (I.  44,  45,  53,  62).  The  lobes  are  nsuaUy  tapering, 
and  form  a  tabular  process  either  tnmcate  or  acute  at  the  extremity  (I.  62). 
In  a  few  cases  the  notch  is  not  angular,  bnt  curved  and  cresoentic  (I.  62) ; 
in  others  again  it  is  deep,  angular,  and  gaping  (I.  52,  II.  27),  and  gives  the 
eeQ  an  irr^ular  figure ;  this  latter  condition  is  more  seen  where  only  a  few 
edls  are  united  together,  and  where  the  lobes  are  not  prolonged  as  pro- 
cesses. In  some  species,  moreover,  the  lobes  are  terminated  by  short  ludr- 
likeqnnes. 

The  notch  on  one  side  is  not  confined  to  the  peripheral  cells,  but  extends, 
in  several  fipecies,  also  to  the  contained  cells  of  the  frond  (I.  52,  66) ;  their 
lobes,  howev^,  are  not  tapering,  but  sharply  truncate.  Nageli  instituted  a 
subgenus  of  Pedicutrwn  under  the  name  of  Anomopedivm,  the  chief  charac- 
teristic of  which  is  the  absence  of  bilobed  peripher^  cells  (I.  46,  47,  48). 

The  cells  of  CaHastrum  are  hexangolar  (I.  49,  50,  51),  the  central  ones 
very  regnlaily  so,  whilst  the  peripheral  are  rounded  off  on  their  free  aspect 
in  (me  species,  and  in  another  notched  and  bilobed  (I.  54, 55).  Those,  lastly, 
of  Scrcuirum  (I.  56,  57)  are  wedge-shaped  or  triangular,  with  rounded 
ang^;  they  cohere  by  their  apices,  whilst  the  base  is  peripheral,  often 
raUier  concave  or  emarginate,  and,  as  a  rule,  armed  at  each  angle  by  a  pair  of 
abort  spines.     On  a  lateral  view  the  ceUs  are  oblong  (I.  58). 

There  is  a  peirvading  uniformity  in  the  contents  of  the  ceUs  of  the  different 
genera  of  Pediastreae,  which  consist  of  the  usual  v^etable  protoplasm,  and 
are  qx^en  of  collectively  as  the  endochrome.  At  first  the  colour  is  very  pale 
greoi,  but  it  becomes  deeper  with  advancing  age,  and  in  folly  mature  or 
decaying  cells  is  seen  to  change  to  red  or  brownish  red,  just  as  the  leaves  of 
trees  change  colour  on  the  approach  of  autumn.  At  first,  the  protoplasm  is 
dear  and  homogeneous,  but  in  course  of  time  granules  appear,  enlarge  in 
bolk,  and  multij^y  in  number.  Moreover,  each  cell  presents  a  single  chlo- 
rophyll-vesicle, ^i^ch  is  least  disoemible  in  very  young  and  in  very  old  cells 
(L  £^  to  58).  It  is  ordinarily  seen  in  or  about  the  centre  of  the  cell,  but 
may  occur  on  one  side,  as  in  Pediastrum  Botula,  Around  this  vesicle  are 
aeen  in  several  species  dear  circular  spaces  or  globules,  recalling  those  of 
Ckutenrnm,  varying  in  number  in  different  cases  from  two  to  six  (I.  44,  45, 
53).  In  Pediaftnan  Botula,  Nageli  observed  two  such ;  in  P.  Boryarmm  and 
P.  SeUmjBa  (L  44,  45),  from  two  to  six ;  in  the  species  of  Scenedesmus  and 
of  Sorastrum  (L  57),  one  hyaline  space.  This  author  likewise  represents  the 
idative  positicm  of  liie  chlorophyll-vesicle  and  of  the  translucent  space  to  be 
eoostant  in  similar  fronds.  In  those  made  up  of  two  cells  only,  ijie  chloro- 
phyll-vesiole  is  placed  outside,  whilst  the  clear  cavity  lies  against  the  parti- 
tkn-walL  In  chains  of  four  to  eight  cells  the  chlorophyll-vesicle  is  external 
rdatively  to  the  coitral  cell,  and  the  clear  space  internal  (I.  40,  41), — ^the 
pontion  being  regulated,  not  by  the  partition-wall,  as  in  the  PalmeUeBe  m 
gcseral,  but  by  the  centre  of  tiie  entire  frond.  OiL-g^obules  are  also  con- 
tuned  in  the  cells ;  their  presence  is  readily  demonstrated,  by  the  addition  of 
tinetaro  of  iodine,  for  they  continue  colourless  when  the  surrounding  mass  is 
eoloored  brown ;  their  position  often  exhibits  much  regularity.  Unless  the 
eUon^yll-vesicle  be  esteemed  nuclear,  no  nucleus  has  been  discerned  in  the 
ceUs  of  PediastreflB.  On  one  occasion  Nageli  saw,  in  Pediastrum  Boryanumy  the 
oidodironie  disposed  in  a  radiating  manner  aroimd  the  chlorophyll- vesicle, 
an  arrangement  which  often  obtains  in  AlgSD,  and  in  many  vegetable  ceUs 
where  there  is  a  central  nucleus. 

NuvBKB  Aim  DisroeinoH  of  thb  Cblls  m  the  Fronds. — ^The  cells  of  Pe- 
diastrec  are  alwa3rs  united  together  in  compound  fronds.    The  number  so 
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united,  and  their  moda  oi  combination,  differ  in^  the  different  genem  ttdd 


In  Seenedemnm  the  cells  are  arranged  (I.  37  to  43)  in  single  linear  seiieB^ 
side  by  side,  united  by  a  mucous  hyaline  matrix,  which  is  less  abundant 
than  in  Pediastrum,  Two,  mostly  four,  and  less  frequently  eight  cells  are 
concatenated ;  and,  as  a  rule,  the  Ime  of  union  extends  the  entire  length*  Ex- 
ceptions occur,  owing  to  the  junction-surfaces  being  less  extensive,  in  the  form 
of  chains  of  cells  having  a  zigzag  border,  eveiy  alternate  cell  being  depressed 
below  the  normal  plane,  or  in  that  of  an  oblique  chain,  having  each  member 
in  succession  depressed  beneath  the  preceding.  Sometimes  two  rows  of  eight 
cells  each  lie  side  by  side  (I.  38),  so  tiiat  the  one  dovetails  into  the  other  by 
the  alternate  elevation  and  depression  of  their  component  cells :  this  may 
happen  in  the  whole  extent  of  the  two  coherent  chains,  or  in  a  portion 
only  of  their  length  at  one  or  other  extremity ;  or  one  chain  may  be  broken 
into  two  segments,  each  dovetailed  to  the  other  chain  at  opposite  emda  so  as 
to  leave  an  unoccupied  central  space.  The  alternation  of  &ie  cells  in  fronds 
composed  of  two  rows,  is  the  result,  according  to  Mr.  Ealfis,  of  the  oblique 
manner  of  division.  In  the  genus  Pediagtrtim  the  fronds  are  generally  com^ 
posed  of  a  laiger  number  of  ceUs  than  in  Scenedesmtu,  disposed  in  the  same 
plane  according  to  a  definite  and  usually  concentric  arrangem^it,  and  forming 
compound  stellate  fronds  (I.  52,  53,  62,  66,  67),  whence  the  term  Micros- 
terias  (little  star-like  beings)  invented  by  Ehrenberg,  and  also  the  second  half 
of  the  generally  adopted  term  (Pediy-attrum, 

To  distingniHh  species,  Ehrenberg  chiefly  employed  the  number  of  the 
eeUs  in  a  frond — both  the  entire  number  and  that  of  each  concentric  circle, 
together  with  the  number  of  cirdes.  Succeeding  naturalists,  however,  have 
pointed  out  that  the  number  of  cells  in  the  same  species  is  subject  to  con- 
siderable variation.  Turpin  detected  the  true  law  determining  their  number, 
and  NageH  ftirther  illustrated  and  enforced  it  The  latter  writes  that 
{EinzdL  Alg.  p.  92)  "  the  cells  are  united  2,  4,  8,  16,  32,  or  64  together 
in  a  frond.  These  numbeis  are  alwa3n9  constant  in  young  frx>nds  without 
exception.  In  older  specimens  one  or  more  cells  may  be  lost,  and  the  frond 
become  therefore  apparently  irregular.  These  cells  do  not  spcmtaneously 
detach  themselv^  from  the  rest,  but  die,  and  are  partially  or  entirely 
dissipated,  as  a  consequence  of  injuiy  from  some  external  cause,  probably  in 
most  cases  by  small  aquatic  animals.  They  occur  in  all  stages  of  destruc- 
tion, and  when  entirely  vanished,  the  vacant  space  indicates  their  former 
position.  The  cells  are  aggregated  together  in  a  single  plane,  which  possesses 
mostly  a  circular  or  somewhat  rounded  outline ;  but  in  the  disposition  of  the 
ceUs  there  is  considerable  variety.  In  the  case  of  4  cells  they  are  either  all 
in  oppositicm  (11.  27),  or  <mly  2  in  the  centre ;  with  8  cells,  one  usually 
lies  in  the  middle,  and  the  other  7  suiround  it  in  a  circular  manner 
(I.  52);  less  commonly,  2  are  central  and  6  peripheral  (I.  62);  rarely, 
one  ^)ccupies  the  centre  with  6  around  it  in  a  circle,  whilst  tiie  remaining 
or  eighth  cell  is  placed  on  the  periphery ;  and  still  rarer,  the  disposition  is 
quite  irregular.  Where  16  ceUs  are  combined,  the  rule  is  that  there  is  one 
in  the  centre  surrounded  by  an  inner  circle  of  5  and  an  outer  circle  of  10. 
At  times,  4,  5,  or  6  internal  cells  are  encircled  by  12,  11,  or  10  outer 
ones  (L  53,  66,  67),  whereby  a  double  ring  is  produced:  more  rarely 
the  arrangement  is  completely  irregular.  Again,  82  cells  are  mostly 
so  placed  that  one  central  cell  has  around  it  3  circles,  the  innermost  of 
5,  the  middle  of  10,  and  the  outer  of  16  cells ;  lees  frequently,  the  3 
ckdes  are  respectively  composed  of  5,  11,  and  15,  or  of  6,  10,  and  16 ; 
occadonally  5  internal  cells  have  2  outer  series,  one  of  11,  t^e  other  of  16 
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eeUs;  or  6  oeUs  are  enclosed  by  11  and  15,  or  by  10  and  16 ;  or,  lastly,  the 
distzibatkiii  is  partly  ar  completdy  inegolar.  In  the  oase  of  64  oeUs,  no 
regular  aggregation  frequently  is  observable :  sometimes  2  or  3  external  eon- 
eentzie  series  are  perceptive,  where  the  positioii  of  the  inner  oells  follows 
no  role ;  less  frequently,  the  concentric  anangement  csn  be  Itdlowed  to  the 
centre ;  when  this  is  the  case,  one  central  cell  may  be  enclosed  by  £o>ar 
senes  respectiTdy  of  6,  13,  19,  25,  or  of  7, 13,  19,  24  cells;  or  again,  2 
middle  cells  hsTe  aronnd  them  8,  13, 18,  23,  or  7,  12, 19,  24,  or  7, 13, 19, 
23  cells  in  four  rows ;  or  fbrther,  3  central  cells  hsTe  8, 13, 18,  22  cdls 
■loimd,  and  so  fi»ih. 

**  Hie  form  of  the  genns  PecUoitrum  has  in  general  a  decided  tendency  to 
a  concentric  diqpositioQ  of  the  cdls.  Thas  4  oeUs  combine  in  1,  8  in  2, 
16  in  3,  32  in  4,  and  64  in  5  circles.  When  this  concentric  anangement  is 
disturbed,  it  occurs  more  frequently  in  larger  than  in  small  frcnds,  and  more 
frequently  among  the  central  than  the  penphersl  cells.'' 

Brann  (Gen.  Nov.  p.  71)  has  entered  much  in  detail  reqwcting  the  number 
and  di^KMition  of  the  cdls,  and  arriyed  at  the  same  general  results  as  Kageli. 
He  observes  that  **  the  same  numerical  law  is  comnum  to  all  the  species  [of 
Pediastrwm],  but  the  number  may  Taiy  more  or  less  within  the  Intimate 
series,  even  indeed  in  one  and  the  same  species :  the  disposition  also  is  liable 
to  Tsriaticm  where  there  is  the  like  number  of  oeUs  in  tiie  same  multifiuious 
ifieeies ;  and  this  so  much  the  more  the  greater  the  number  of  cdls. . .  .The 
1^'timatft  (normal)  series,  Tiz.  1, 2, 4,  8, 16, 32, 64, 128,  is  explained  by  the 
bmary  drriinan  whidi  takes  place  in  the  formation  of  gonidia,  and  which  is 
quickly  arrested  or  continued  for  a  longer  period. 

*'  I  have  no  direct  observations  to  ^ow  whether  specimens  consisting  of  a 
amgie  cell  are  generated  singly  from  the  parent  cell,  or,after  being  deyeh^ted 
in  company  with  others,  they  have  become  dispersed  by  some  accident,  wlach 
b  very  probable.  Such  specimens,  bdcmging  pretty  clearly  to  Fediattmm 
EhrenberpHf  occur  everywhere  in  c(Mnpany  with  the  multicellular  fronds  of 
this  species.  Uniedlular  examples  of  other  spedes  are,  it  would  seem,  very 
rare.  I  have  seen  one  such  of  P.  Botida ;  of  some  which  I  think  should  be 
asogaed  to  P.  Boryanum.  Bi-ceQular  specimens  I  have  only  observed  in  the 
ease  of  P.  Ehrenbermi :  instances  of  128  cells  have  frequently  occurred  to  me 
with  P.valgvm^  and  twice  with  P.  Baryamun.  The  other  numbers  are  conmum^ 
and  occur  in  very  many  or  in  all  species,  or  in  the  majority ;  certain  of  them 
indeed  much  more  frequently  than  others. 

**  Numbers  divergent  from  the  normal  series,  whether  incomplete  or  more 
than  complete  (sopra-oomidete),  are  rare,  whilst  very  divergent  ones  are 
veiy  rare.  The  former  have  their  origin  in  the  process  of  fission  and  the 
formation  of  gonidia,  when  one  or  other  segment  in  the  penultimate  divisim 
remains  undivided,  or  divides  once  too  often.  Thus  in  P.  Boryanum,  specimens 
are  occasionally  found  having  15  instead  of  16,  31  for  32,  63  for  64  ceUs,  or 
on  the  contrary,  17  for  16.  Examples  of  65  in  lieu  of  64  cells  have  occurred 
to  me  in  P.  asperum.  The  latter,  i.  «.  those  numbers  widely  divergent,  may 
originate,  if  in  the  earlier  dirision  of  the  cytioplasm  [protoplasm]  some  seg- 
ment is,  as  it  were,  passed  by,  and  subsequently  enters  again  in  tiie  series  of 
segmentation.  In  this  way  l^e  numbers  entering  into  the  series  3,  6, 12, 
24,  48,  examples  of  which  are  at  hand,  may  be  explained.  Three  cells  have 
been  met  with  by  me  in  P.  EhrenhergUf  and  more  frequently  6,  both  in  this 
spedee  and  in  P.  Botula;..,  .24  cells,  once,  in  P.  agperumJ* 

[foann  adds  tiiat,  if  any  person  should  doubt  that  the  number  of  cells  differs 
in  the  same  species,  he  has  only  to  inspect  ccdlections  made  in  the  same  place 
and  living  under  like  conditions,  and  to  note  the  unequal  forms  produced 
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from  the  same  parent  individaal,  and  lastly,  to  remark  the  analogy  presented 
in  other  allied  genera,  e.  g,  Scenedesmus,  Sorastrtmi,  and  Oodaitrum,  to  oon- 
Tince  himself  of  the  &ct. 

Moreoyer,  as  shown  hy  Nageli,  trhen  the  number  of  cells  is  the  same  in  a 
frond  (ecmobitmi,  Brann),  their  arrangement  vaiies  considerably,  tending 
more  and  more  to  irregularity  as  the  cells  are  more  multiplied.  '^  The  normal 
and  most  frequent  disposition  is  orbicular,  the  cells  being  arranged,  according 
to  their  number,  in  one  or  several  concentric  circles,  around  either  a  single 
central  ceU  or  none  at  all.  Where  two  cells  are  placed  in  the  centre,  &e 
circles  aroimd  incline  to  an  elliptic  figure;  from  this  a  transition  to  an 
elongated  form  still  more  aberrant  from  the  orbicular  type  is  indicated,  in 
which  the  elongate-elliptic  circles  surround  several  intermediate  cells  plaoed 
in  single  or  double  longitudinal  series.  By  the  less  regular  concentric  or  the 
entirely  confosed  disposition  of  the  cells,  tibie  elliptic  form  passes  at  length 
into  others  still  more  abnormal,  such  as  reniform,  pandunform,  cuneiform^ 
&c.,  all  which  agree  in  having  64  or  128  cells.  The  regular  concentric 
arrangement  is  moreover  deranged  by  the  occasional  intercalation  of  cells 
referable  to  no  one  of  the  circles ;  and  lastly,  owing  to  an  incompleteness 
of  the  circles  of  ceUs,  they  become  so  connected  one  with  another,  that  a 
spiral  disposition  is  the  result,  which,  although  abnormal  in  every  species,  is 
in  some  specimens  constructed  with  wonderfbil  r^;ularity.  All  these  various 
arrangements  arise  frx)m  the  manner  in  which  the  motile  gonidia  are  disposed 
and  marshalled  in  their  first  stage;  for  these  are  distributed  within  the 
parent  depressed  orbicular  cell,  according  to  the  laws  of  juxtaposition,  in  a 
plane." 

Another  peculiarity  in  the  disposition  of  the  cells  in  the  fronds  of  Peduu^ 
trum  is,  that  sometimes,  instead  of  being  all  in  juxtaposition,  so  as  to  form 
an  unbroken  congeries  of  cells,  or,  in  the  language  of  Nageli  (op.  eit,  p.  94), 
instead  of  being  parenchymatic,  cq>ertnres  or  interspaces  are  lefk  between 
them  (I.  53).  This  is  most  seen  where  the  inner  cells  are  more  or  less  bi* 
lobed,  so  that  an  opening  subsists  between  the  lobes  of  each  cell ;  but  similar 
apertures  may  likewise  occur  at  the  angles  where  the  cells  come  into  contact. 
When  the  position  of  the  cells  in  the  table  is  regular,  that  of  the  foramina  is 
so  also.  Pediastrum  SeUncea  with  16  ceUs  has,  as  a  rule,  6  large  and  8  small 
openings ;  the  large  are  bounded  by  3  ceUs,  the  small  by  2 ;  the  small  spaces 
are  sometimes  absent,  when  the  large  become  very  evident.  Fronds  of  the 
same  species,  having  32  cells,  display  usually  11  larger  interspaces  lying 
betwixt  3  cells,  and  18  smaller  enclosed  between  2  cells. 

Awymopediumy  a  subgenus  of  Pediastrum,  differs  not  only  in  its  peripheral 
cells  not  being  bilobed,  but  also  in  having  its  cells  partially  disposed  in  a  double 
plane  (I.  46,  47,  48).  The  cells  which  are  in  the  numerical  series  of  4,  8, 
16,  32,  and  64,  are  subject  to  manifold  arrangements,  and  frequently  aggre- 
gated quite  irregularly.  They  are  mostly  so  placed,  that  in  one,  two,  or  even 
three  directions,  they  can  be  clearly  discerned  to  be  in  parallel  straight  rows. 
A  concentric  disposition  is  quite  exceptional ;  not  unfr^quently,  instead  of  all 
the  cells  occupying  the  same  plane,  some  form  a  partial  second  layer  upon 
the  other  about  the  middle. 

In  Ooelastrum  (I.  50,  51,  52)  the  hexangular  ceUs  are  so  arranged  that 
they  form  a  hollow,  globular,  areolar  frond.  Cod.  sphcericum  consists  of  25 
to  40  cells,  which  compose  a  lamina  perforated  by  3, 4, 5, 6, 8  angular  medies 
(areolse)  somewhat  larger  than  the  cells  themselves,  and  frx)m  13  to  22  in 
number.  Ccd,  cubicum  consists  of  8  ceUs  united  in  a  cubical  form,  hollow 
inside :  on  each  side  are  4  cells  enclosing  a  quadrangular  aperture. 

Lastly,  in  Sorastrum  the  wedge-shaped  or  cordate  cells  (1.  56,  57)  are  all 
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m  dose  appomtioii  and  ferm  a  globular  frond.  The  cells  in  the  typical  species, 
8,  eehinaktm^  are  8  or  16  in  nnmber,  and  so  arranged  that  all  their  apices 
eoQveige  towards  and  meet  in  the  centre  of  the  frond. 

SpiketrodetmuSy  which  probably  is  rightly  accounted  one  of  the  PediastrefB, 
is  named,  but  not  described,  by  Nageli ;  we  are,  however,  informed  by  Braun 
{Gen,  Nova,  p.  70,  in  foot-note)  that  its  fronds  are  composed  of  4  spherical 
cells  closely  aggregated  in  a  rhomboidal  form. 

DiTiLOPMEirT  Aim  Growth. — Scenedemnus  multiplies  by  fission,  as  BalfEi 
believed,  in  an  oblique  direction,  but  according  to  Nageli,  parallel  to  the  long 
diameter  of  the  cells.  The  fonner  adopted  his  opinion  from  the  features  of 
biserial  chains ;  but  the  latter  interprets  those  appearances  by  the  simulta- 
aeons  occurrence  of  longitudinal  and  of  transverse  fission  (I.  37,  39). 

The  process  of  self-division  commences  generally  at  the  same  period  in 
eseh  cell  of  the  ih>nd  (fiuuily,  Nageli),  and  proceeds  with  so  great  rapidity 
that  its  intermediate  stages  are  unobserved.  One  of  the  two  terminal  ceUs 
(1. 39),  or,  in  an  eight-celled,  probably  the  two,  sometimes  remain  for  awhile 
andivided.  The  ccJl  separates  into  two,  then  each  of  these  again  into  two 
otibeis,  and  at  times  this  act  of  subdivision  is  repeated  a  third  time.  By  a 
■Mfe  prolonged  act  of  segmentation  of  the  cell-contents,  the  result  is  a  number 
of  minute  cdls  which  arrange  themselves  in  rows  of  two,  four,  or  eight,  and 
thns  form  miniature  fronds  which  ultimately  escape  the  parent-cell  by  rup- 
ture. Occasionally,  adds  Nageli,  the  young  fronds  are  connected  together 
by  mucus,  formed  by  dissolution  of  the  parent  cell-walL  Development  takes 
^aee  in  parallel  planes,  although  by  their  increase  they  become  mutually 
eom^aessed  and  im^^ular,  and  the  chains  curved  prior  to  their  discharge. 

This  prodncticm  of  macrogcmidia  and  their  cohesion  into  fronds  has  not 
been  seen  by  Braun,  and  is,  in  his  experience,  an  exceptional  phenomenon 
{Gm.  Nova,  p.  67). 

When  Mr.  Balfs  wrote  his  work  on  the  Desmidieee  (in  1848),  he  had  to 
taaioBB  himself  altogether  ignorant  of  the  modes  of  reproduction  both  of 
PtcUattntm  and  Scenedewius.  He,  however,  described  self-division  of  the 
ccUb  in  both  genera,  but  rightly  regarded  this  process  as  one  not  of  develop- 
ment, but  of  vegetative  increase  and  repetition.  On  this  subject  he  remarked 
(«p.  cU.  p.  182), — *^  I  have  not  seen  the  cells  during  the  process  of  division, 
bat  1  am  in&rmed  l^  M.  de  Br^isson  that  it  takes  place  at  the  notch,  in 
the  same  manner  as  m  other  DeemidiesB :  hence  the  cells  in  each  circle  are 
connected  at  their  ends,  like  those  of  the  filamentous  genera.  I  do  not, 
however,  understand  in  what  manner  the  additional  circles  are  formed,  nor 
iriiy  the  numbers  in  each  drde  are  so  constant." 

NigeU,  Hkewise,  was  equally  ignorant  of  the  propagation  of  Pedicutrvm, 
but  thooght  it  highly  probable  it  resembled  that  of  Scenedemnus,  The  num- 
ber of  cells  in  a  table  or  frond,  indicated  to  his  mind  its  production  by  a  series 
of  fissions  in  the  power  of  two;  and  he  presumed  that  a  new  frond  was  gene- 
nted  within  a  parent  cell  by  division  of  its  protoplasm,  just  as  in  ScenedesmuSy 
~«  supposition  supported  by  the  &ct  that  the  entire  young  fronds  are  not 
kzger  than  the  single  cells  of  mature  specimens,  that  like  these  they  are 
fwposed  of  the  same  number  of  individual  cells  similarly  disposed,  and 
midergo  no  subsequent  segmentation  into  a  larger  number. 

Hie  more  recent  researches  of  Braun  are  confirmatory  of  the  views  of  Na- 
geh  (Om.  NwOj  p.  ^).  Amid  a  large  number  of  specimens  of  Pediastrum 
B$ryamim  he  detected  the  escape  of,  in  most  instances  32,  more  seldom 
of  16,  and  mely  of  8  gonidia,  from  a  parent  cell, — ^the  number  gene- 
nlly,  but  not  invariably,  corresponding  wi^  that  of  the  cells  composing  the 
frond  or  coenobium.    The  collection  of  gonidia  was  enclosed  by  a 


Digitized  by  VjOOQ IC 


80  OBNERikL  HISI0BT  OP  THS  DIFUSOBIA. 

common  envelope,  within  which  they  moved  actively  about  for  a  quarter  of 
an  hour  before  coming  to  a  state  of  rest,  and  arranging  themselves  regularly 
in  a  frond  (1. 64).  This  sac  is  described  in  the  author's  work  on  Rejuvenes- 
cence {Bay  See.  p.  184)  as  the  vesicular  inner  layer  of  the  motiier-cell. 
He  witnessed  this  production  of  gonidia  from  many,  but  not  from  all  the 
cells  of  the  fronds,  for  it  seems  to  take  place  in  them  in  succession,  and  pro- 
bably in  some  definite  manner,  according  to  their  position  in  the  frond.  He 
frirther  describes  the  development  of  mierogonidia  to  follow  the  same  plan  as 
that  of  macroganidia,  but  to  differ  from  the  latter  in  number,  size  and  form^ 
and  in  duration  and  cessation  of  motion.  Macrogonidia  have  a  subglobose 
figure,  a  diameter  of  yj^th  of  a  millimetre ;  one  side  hyaline,  and  scarcely 
elongated,  the  other  turned  towards  the  periphery  of  the  frond,  green,  and 
by-and-by  extended  and  emarginate :  no  vibratile  cilia  discoverable  on  tiiem. 
lliey  never  leave  the  sac  in  which  they  are  produced ;  and  the  young  frond  is 
seen,  untQ  the  dose  of  the  second  day,  loosely  enveloped  by  a  gelatinous 
layer,  which  ultimately  disappears  by  deliquescence  (I.  64). 

On  the  other  hand,  mierogonidia  axe  at  first  densely  aggregated  and 
closely  invested  by  the  sac  in  which  they  are  generated ;  like  macrogonidia 
they  are  subglobose  (I.  60,  61,  68,  69).  Aftw  a  while  tiie  sac  is  gradually 
dilated,  and,  growing  more  and  more  in  length,  forms  an  acute  hyaline  beak 
(rostrwn)  as  long  as  the  green  portion,  which  constitutes  the  rest,  or  the 
body,  of  the  gonidium.  IRob  ro^rum,  moreover,  is  fbmished  either  with  a 
pair  of  cilia,  longer  than  the  body,  or  with  a  single  cilium.  The  length  of 
these  developed  miax)gonidia  is  nearly  j^th  millimetre ;  the  thickness  y^th 
(I.  61,  68,  69).  The  movement  within  the  sac  is  at  fii^t  slow ;  but  when 
this  is  frilly  expanded,  it  is  very  active,  and  continued  for  an  hour  and 
upwards,  until  the  sac  is  ruptured,  and  the  whole  heap  of  mierogonidia  escape, 
llie  number  of  mierogonidia  cannot,  by  reason  of  their  aggr^ation  and  their 
swarming  movement,  be  easily  determined ;  at  least  64  occur  in  a  sac,  and 
most  commonly  many  more,  for  instance,  128.  Of  their  subsequent  history, 
Braun  can  give  no  satis&ctory  account. 

A  reference  to  the  same  able  writer's  book  on  Bejuvenescence  {R,  8.) 
informs  us,  at  p.  200,  that  before  the  formation  of  the  gonidia  of  Pediattnxm^ 
the  single  starch-grain,  the  nuclear  character  of  which  has  been  above  re- 
marked, disappears.  From  the  same  source  we  also  obtain  a  series  of  illus- 
trations of  die  development  of  macrogonidia,  of  their  arrangement  in  the 
characteristic  stellate  frondose  form,  and  of  the  varieties  in  the  number  and 
arrangement  of  the  component  cells,  which  may  be  seen  in  examples  of  the 
same  species  of  Pediastrum. 

The  development  both  of  Ccdastrum  and  Sorastrvm  is  unknown. 

The  Pediastrese  are  of  freshwater  habit,  living  in  ponds,  on  which  they 
frequently  form,  in  conjunction  with  other  small  plants,  a  coloured  film  or 
scum.  They  are  also  common  in  turfy  pools  on  moors,  and  invest  the  sur&ee 
of  various  aquatic  plants. 

8TSIRMATI0  PosinoH  OF  PEDiASTRBiB. — ^Mr.  Bslfs  foUowod  Ehrenbei^y 
Men^bini,  and  others  in  placing  the  PediastresB  among  Desmidiead;  but 
Corda,  Nageli,  and  Braun  have  separated  the  two  as  distinct  tribes.  Lideed, 
Mr.  Balfis  has  modified  his  views  since  the  publication  of  his  monograph^and 
would  treat  the  PediastresB  as  a  sub&mily  of  Desmidie®.  Nageli  (^izeU.Alg^ 
arranges  them  with  the  Palmellead  as  a  distinct  group,  and  in  tiiis  has  the 
support  of  Braun  (Gen.  Nova,  p.  69).  These  naturalists  point  out  that  tHe 
distinctive  features  between  tiie  Pediastreea  and  the  Desmidieffi,  are  that  the 
former  neither  conjugate  nor  multiply  by  continued  transverse  division  of  their 
cellB  in  the  same  direction,  each  newly-fiormed  segment  acquiring  all  the 
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ehaiBcters  of  a  ocnnplete  eell ;  that,  tmHke  the  Dewnidifle,  they  propagate  Ij 
gonidia;  have  bat  <Hie  instead  of  two  or  more  eqnallj-aised  staroh-graiiis 
and  a  centeal  nudeiia ;  and  that  their  frmda  are  not  diwtingniahable  into  two 
symmetiieal  halyee.  *^  The  Deamidifls  are  evidently  moltioellQlary  or  paeodo* 
imififtllnlar,  from  aeparaticm  ci  their  oella,  whilst  (aays  Braon)  Pediasirum 
is  a  tme  unicellnlar  Alga  rendered  psendo-molticelliilar  hj  the  cohesion  of  the 
cells.  The  aggregation  of  cells  in  Desmidiett  is  always  nmserial,  filiibrm  w 
eonoitenate ;  the  fronds  of  PMUoitntm  are  grouped  on  a  plane  of  a  diso-fonn 
or  frondoee  character." 

Broon  next  traces  the  aifinitiee  of  Pediasirum,  and  remarks  that,  although 
it  resembles  Hydrodkty<m  in  the  constroetion  of  its  fronds  (ccenobia)  by  the 
oonneyioin  of  motile  gonidia,  yet  since  in  Hydrodietyon  the  gonidia  are 
amuUaneoiiB,  and  in  Pediattrum  sacceHsional,  it  is  racier  an  analogy  than 
an  affinity  which  exists  between  these  two  genera.  However,  he  admits  tiie 
conectnees  of  the  association  of  Pediastrum  with  the  genera  NiigeH  indicated, 
viz.  with  Sorastrum,  Ccekutnmiy  Scenedeffnui^  and  probably  l^hwrode$mH§f 
and  would  add  to  their  number  the  genns  Stawrogama  (Kiitx.)y  the  Onteigema 
ci  Morren  (Ann.  de$  Sciences  Nat.  1830,  p.  404).  All  these  genera  agree 
with  Pediaitrum  in  the  soccessional  formation  of  gonidia,  yet  differ  from  it 
in  other  particulars  except  in  the  constracti<m  of  tilie  frond  from  motionless 
gonidia.  Among  other  genera,  Polyedrum  may  be  likened  to  Pediastrmn  in 
the  form  of  its  cells,  but  its  propagation  is  unknown ;  lastly,  Cffuiraciwfn  and 
Cyttoeoecus  agree  with  Pediastntm  in  the  successional  genesis  and  activity  of 
thior  gonidia. 

To  this  elucidation  of  the  affinities  of  Pediastrwn  we  have  to  add  the 
dbscarvation  of  Cohn  (Entunde.  d.  mUer.  Alg.),  of  the  analogy  or  affinity  in 
general  structure  between  this  genus  and  Qoniwrn, 

The  division  of  Pedicatnan  into  tribes  or  subgenera,  as  pn^)osed  by  Braon, 
and  the  distinction  of  species  of  the  PediastreiB  in  general,  will  receive  due 
consideration  in  our  systematic  account  of  the  family. 

n.— OF  THE  FAMILY  DIATOMKffi  OB  DIATOMACEJB. 
(Plates  IV.  to  XVn.) 

QnXRAL    AHD  EXTEBITAL  ChABACTBBS    OF    DlATOXSJE. — TcstuUi  CT    FrU$' 

hde$. — Figure :  freCy  concatenated^  and  freed  FormB. — Varieties  of  FHaments 
tmd  of  PediceU. — Aggregated  Fruttules. — ^The  Diatome»,  Diatomace»,  or 
Cymbelleee,  are  unicellular  organisms  eomposed  of  two  opposite  plates  or  valves, 
generally  conyex,  and  of  an  interposed  eonnecting  third  segment,  forming 
together  a  miniature  box  ci  a  siHcious  nature,  enclosing  a  soft  organic  matter, 
rardy  green,  but  usually  yellowish  or  orange-brown  in  colour.  They  inhabit 
dther  fresh,  salt,  or  brackish  water. 

They  were  redconed  by  Ehrenberg  among  the  Bacillaria,  and  have  in  con- 
Bequence  been  sometimes  described  as  silidous  Bacillaria. 

Each  individual  Diatom  endosed  in  its  siHcions  envelope  is  spoken  of  as  a 
frustule,  testule,  frond,  or  badllum,  and  in  general  phraseology  as  a  cell. 
Hie  first  term  b  that  now  most  in  use,  whilst ''  testule  "  and  '*  bacillum  " 
axe  words  rarely  employed,  except  in  the  works  of  Ehrenberg  and  of  his  im- 
mediate disciples. 

A  rectangular  or  prismatic  figure  most  vndely  obtains  in  tins  fiunily ;  and 
tiie  ang^  of  junction  of  the  valves  are  as  a  rule  acute.  DeeipLj  notched 
fronds,  Hke  those  in  Desmidiese,  e.  g.  Mierasterias  and  Euastrum,  do  not  occur ; 
and  the  production  of  spines  and  tubercles  on  the  valves,  so  comm<m  in  that 
fiuDily,  is  rare  among  the  I>iat<»ne». 
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FioxTBE. — ^There  is  an  immense  diversity  of  figure  among  the  frostoles, 
determined  chiefly  by  that  of  the  opposed  valves,  but  in  some  degree  also  by 
the  amount  of  development  of  the  interposed  third  segment  or  cingulum 
(XYI.  23,  24.)  This  last  Mr.  Ealfls  considers  an  essential  part  of  every 
frustule ;  but  Prof.  Smith  states  it  to  be  a  secondary,  non-essential  element 
consequent  on  the  growth  of  the  organism,  and  specially  developed  in  rela- 
tion to  the  process  of  self-division.  When  this  cingulum  or  *'  connecting 
membrane  *'  is  much  enlarged  prior  to  fission,  the  figure  as  viewed  on  this 
side  is  considerably  changed,  and  the  appearance  of  a  double  frustule  often 
occasioned. 

Not  a  few  of  the  Diatomese  are  much  elongated  and  narrow,  and  from  pre- 
senting a  wand-like  figure  (IX.  148,  166,  174 ;  X.  184,  185),  suggested  to 
Ehrenberg  the  term  Bacillaria  to  designate  the  family.  However,  some 
species  are  trapezoid,  or  square,  or  nearly  so  (X.  47,  21,  22),  others  round 
like  pill-boxes  (IX.  131,  181;  X.  200,  204),  whilst  others  again  are 
almost  globular  or  spheroid,  owing  to  the  great  convexity  of  the  valves. 
Several  genera  are  boat-shaped,  scaphoid,  or  navicular  in  figure  (IX.  139, 
135 ;  Xn.  5,  6,  8,  48,  43) ;  some  are  rather  oval,  egg-shaped,  or  ovoid ; 
many  resemble  thin  flattened  discs — are  discoid  (XI.  33,  35,  36,  39); 
many  are  wedge-shaped — cuneiform,  or  cuneate ;  a  few  are  triangular  (XI, 
43,  45)  ;  lastly,  some  are  curved  or  twisted  on  themselves,  and  others  assume 
in  certain  directions  a  sigmoid  or  an  undulated  figure  (IX.  144, 145 ;  XY.  11, 
22,  59,  60).  Evenly-curved  valves  are  said  to  be  arcuate,  such  as  those  of 
EunoHa  (EX.  165;  XVI.  10,  18),  and  of  some  species  of  CymheUa  and 
NitzBchia,  whilst  the  peculiarly-twisted  valves  of  Gawpylodiscut  (XVII. 
517)  are  saddle-shaped.  In  Cymatopleura,  again,  the  sur^ce  of  the  valves  is 
undulated,  and  when  bent  ratiier  sharply  at  an  angle  on  themselves,  the 
valves  bec-ome  geniculate,  as  in  Achnanihidium. 

As  a  rule  the  frustules  of  Diatomese  are  symmetrical,  and  consist  of  two 
equal  and  similar  halves ;  but  exceptions  to  this  are  found  in  the  Achnanthese, 
OocconeidsB,  and  one  or  two  other  feunilies  (IX.  159). 

Another  variety  of  frustules  is  described  as  winged  or  alate, — ^the  ala  being 
a  smooth  expansion  in  the  form  of  a  margin  (XIII.  5,  6,  7).  The  alaa  may 
arise  from  the  margin,  and  are  then  said  to  be  marginal,  as  in  SurireUa,  or 
otherwise  from  the  disc,  as  in  TryhlioneUa,  in  which  they  are  called  submar- 
ginal.  A  frirther  modification  of  the  valves  aflecting  the  figure  is  exemplified  in 
NUzschia  and  Amphijprora,  which  have  a  longitudinal  elevated  ridge  extending 
from  one  extremity  to  the  other ;  such  ridges  are  called  keels,  and  the  valves 
keeled  or  carinated.  In  the  discoid  forms  two  portions  are  commonly  distin- 
guishable, viz.  the  disc  and  margin  or  rim  (XI.  31,  35,  38),  the  one  at  times 
separated  by  a  distmct  line,  and  often  presenting  difTerent  sculpturing  from 
the  other.  The  disc  moreover  exhibits  occasionally  at  its  centre  a  promi- 
nence or  elevated  thickness  called  an  umbo  or  boss.  In  Eupodiseus  (XI.  41, 
42)  tubular  horns  come  off  from  the  sur&ce  of  the  valves,  and  in  TriceraUuim 
from  the  angles. 

The  extremities  of  some  species,  e,  g,  in  Nitzschia  and  Plewrodgma,  ai« 
extremely  elongated,  forming  long,  filiform,  tubular  processes ;  and  in  Den- 
UeeUa,  Biddidphia  (11.  46,  48,  50),  and  Ehizoselenia  (Ehr.),  short  tubular 
processes  and  spines  are  produced  from  the  surfaces  and  margins.  These 
processes  are  commonly  simple,  but  according  to  Ehrenberg  are  branched 
(ramose)  in  the  genus  last  cited,  and  in  DUladia  and  Syndmdrium,  More- 
over, very  singular  hispid  and  sometimes  bifid  processes  or  styles  have  been 
noted  on  the  valves  of  some  species  of  Ghniothecium  (Ehr.),  recalling  by 
their  figure  that  of  the  spines  on  the  sporangia  of  many  Desmidie®.     Other 
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Bnttmis,  referred  l)y  Mr.  BrightweU  (J:  3f.  i^^ 

tMCTM,  bave  big^y  defveloped  spines  on  the  valves,  besides  the  two  pairs  of 
jtrj  kmg  filifbanm  smooth  or  spinous  horns  springing  from  the  frostoles 
tbemBelves,  <»  firom  the  interposed  dngalnm.  CeratatUius  is  another  genus 
provided  with  a  pair  of  long  horn-like  processes. 

Great  variety  of  outline  may  prevaH  in  a  genus,  so  considerable  indeed 
that  an  accurate  definition  is  with  difficulty  laid  down,  the  characteristics 
shading  <^  through  several  species,  until  at  length  the  similarity  to  an  as- 
sumed typical  form  is  much  diminished,  whilst  on  the  other  hand  an  ap- 
proach is  made  towards  the  features  of  another  genus.  The  like  latitude  of 
fiirm  parevails  also  with  species,  and  gives  rise  to  very  numerous  and  fre- 
qaen:^  perplexing  varieties.  On  this  topic  Prof.  Smith  remarks — **  While 
a  fy|R^  oidline  of  its  frustule  is  ihe  general  characteristic  of  a  species,  this 
ouUme  may  be  modified  by  the  accidental  circumstances  which  surround  the 
embryo  during  its  growth  and  the  development  of  its  silidous  epiderm ;  then, 
any  such  aberration  €i  form  becomes  stereotyped  by  the  process  of  self-divi- 
aiosi  ai  the  frnstule,  generating  multitudes  of  others  slightly  deviatKOg  horn 
the  normal  form.''  It  must  not  be  forgotten  that  the  figure  is  greatly  modified 
or  entirely  changed  by  the  position  of  the  valves,  whether  se^i  in  £»»  or  on 
one  aide ;  for  eadi  finutule  generally  presents  four  planes  or  sides,  and,  unless 
regard  be  paid  to  this  circumstance,  one  genus  may  be  mistaken  for  another, 
or  even  eadi  view  be  presumed  a  distinct  genus.  Thus  in  the  genera  Naviada, 
Pimnularia  (XIT.  5, 6, 15, 18),  and  in  many  others,  the  frustules  are  on  one 
aspect  boat-fihiq^ed,  but  on  the  other  oblong  with  truncated  ends,  or  prismatic. 
In  the  genus  Trk^ratium  (XI.  43,  44),  the  difference  of  figure  is  very  re- 
markable according  to  the  side  viewed  (as  presently  illustrated).  It  is  tiiere- 
fore  sfieesaary  to  examine  a  specimen  on  every  aspect  it  presents :  this  can 
geocEaUy  be  eflfected  by  the  accidental  rolling  over  of  frustules  under  inspec- 
tion, or  can  otherwise  be  brought  about  by  a  very  sli^t  sHding  movement 
oi  the  thin  ^bss  cover  upon  the  slide  under  the  microscope. 

Mr.  Kightwell  thus  describee  and  explains  the  transiticms  of  form  produced 
by  a  flange  in  position  of  ibe  frustules  of  the  genus  TrieenUium  (J.  M.  8, 
L  248) : — *^  The  normal  view  of  the  frustnle  may  be  represented  by  a  vertical 
aectkm  of  a  triangnlar  prism.  If  the  frustnle  be  placed  upon  one  of  its  flat  sides, 
we  look  down  upon  its  ridge  and  obtain  a  frmit  view  of  its  two  other  sloping 
ttdes.  If  it  be  placed  upon  one  of  its  ridges,  we  have  a  front  view  of  one  of 
ito  flat  odes,  generally  broader  than  long,  and  of  its  smooIJi  or  transparent 
■Btare  or  ooimecting  membrane.  If  the  frustule  be  progressing  towards 
self-^viBosi,  it  is  tiien  often  considerably  longer  than  broad,  and  when  nearly 
Matured  for  separation  presents  the  appearance  of  a  double  frustule." 

It  would  be  in  vain  to  attempt  to  describe  all  the  numerous  forms  assumed 
ky  tiM  members  of  this  extensive  fomily ;  the  representations  in  the  plates 
of  tins  Tolnme  will  convey  the  dearest  notions  of  their  diverse  outline  and 
\  (see  Plates4  to  17).  Great  difference  unfortunately  has  existedre- 
^e  sides  which  shoold  be  esteemed  primary  and  afford  speoifio  cha- 
and  those  which  should  be  held  as  only  sec<mdary;  and  the 
re  of  the  surfooes  has  been  equally  a  matter  of  di£q;)ute  and  unoer- 
taiaiy.  Ehienberg  emjdqyed  the  terms  daitumy  venter^  and  lateral  twfaee$ 
or  mde^  but  so  loosely  that  they  do  not  always  indicate  homologous  portions. 
T3ui8  he  has  often  called  a  convex  surflu^e  the  d&rwm,  simply  from  its  convexity, 
9md  a  ooneave  one  the  venter ,  on  account  of  its  concavity.  Eiitzing  attempted 
a  Bofe  certain  and  scientifio  phraseology  by  calling  those  sides  which  have 
no  eential  opexdng  (wnbiUcvi)^  but  through  which  self-division  occurs,  the 
r  skUgf  and  the  other  two  the  secondary  sides^  fdrther  distinguishing 
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the  latter  into  a  right  and  a  left  with  reference  to  the  frnstole  when  lying  on 
a  primaiy  side.  The  left  side  is  often  ooncave,  and  the  right  convex ;  mostly, 
however,  the  two  are  alike.  As  a  general  role  the  primary  sides  correspond 
with  the  lateral  ntrfaeeSf  and  the  secondary  with  tiie  dormm  and  venter  in 
the  terminology  of  Ehrenbeig.  Mr.  Ralfs,  in  his  papers  in  the  Ann.  Nat. 
Hist.,  used  l^e  simple  terms  *  front  view'  and  ^Ude  view,'  corresponding 
respectively  with  Kiitdng's  names  primary  and  secondary  sides,  llie  Bev. 
W.  Smith  adopts  this  nomendatore  as  the  most  convenient  for  the  English 
student,  and  uses  the  term  *  front  view '  to  denote  the  aspect  of  the  frnstole 
when  tiie  valvular  suture  (connecting  memhrane),  or  the  line  along  which 
self-division  takes  place,  is  turned  towards  the  ohserver,  and  the  term  *  side 
view'  when  the  centre  of  one  valve  is  directed  to  the  eye.  He  adds — 
*'  Even  these  terms  will  require  modification  when  applied  to  some  of  the 
more  complex  and  irregular  forms ;  hut  in  general  their  meaning  wiH  be 
sufficiently  obvious." 

It  must  happen,  therefore,  fh>m  this  terminology,  that  at  times  a  front 
view  cannot  be  said  to  exist,  viz.  when  the  connecting  membrane  is  obsolete 
and  the  opposed  valves  are  dosely  applied  to  each  ol^er,  a  suture  alone  in- 
dicating tiie  line  of  junction. 

In  size  the  IHatomeee  vary  very  greatly ;  some  individual  frustules  are 
cognizable  by  the  naked  eye,  whilst  others  require  the  highest  powers  of 
the  microscope  to  display  them.  Even  among  specimens  of  the  same  spedes 
great  diversity  of  size  prevails, — a  peculiarity  much  determined  by  the  dr- 
cumstances  surrounding  a  frustule  at  the  period  of  its  devdopment^  and 
afterwards  perpetuated  through  a  long  series  of  individuals  multiplied  by 
self-fission. 

The  DiatomesB  exist  under  three  chief  forms,  as — I.  Single  isolated  free 
frustules.  2.  Frustules  attached  by  a  stalk,  stipes,  or  pedide.  3.  Eruatnles 
coherent  in  chains,  or  aggregated  together  in  ramose  tufts  by  an  interposed 
gelatinous  substance,  l^ie  third  form  is  the  consequence  of  incomplete  fission, 
or  of  imperfect  separation  after  fission.  Incomplete  fission  and  consequent 
concatenation  are  observed  in  Baeinaria,  Meridian,  Himamtidimn,  MeUmra^ 
Odontidiwn,  StriateOa,  FragUaria^  &c.  (IX.  131,  167,  171, 175,  176,  177) ; 
and  the  form  of  the  chain  or  filament  produced  will  be  determined  by  i^e 
figure  of  the  individual  frustules  composing  it.  For  instance,  if  these  be 
rectangular,  then  the  resulting  chain  (IX.  171, 172, 176 ;  XIV.  2,  4,  6,  13) 
is  straight,  but  if  wedge-shaped,  it  is  curved  or  spiral  (IX.  177, 179 ;  XU. 
21).  The  extent  and  degree  of  attachment  of  the  adjoining  frustules  difiRer 
in  different  genera ;  thus,  in  BactUaria  it  is  veiy  dight,  and  readily  yields, 
allowing  one  segment  to  ^iide  on  another,  or  to  separate  fh>m  it,  except  «t 
one  point,  yet  at  the  same  time  possessing  the  power  of  recovering  itself.  In 
Odontidium,  Himantidiufn,  DerUicula,  and  Meridian  (IX.  177),  the  nrataal 
adhedon  of  the  several  segments  is  stronger;  and  after  the  opposed  surfiEK^es 
have  been  separated,  future  adhedon  is  not  effected.  In  FragUaria,  the  ad- 
herence is  more  tenadous.  In  Diatoma,  TabeUaria,  Orammataphora,  A^fn- 
pUtetras,  &c.  (11.  46 ;  XI.  22,  52 ;  XIY.  23),  the  frustules  hang  to^sther  by 
a  sort  of  hinge  inserted  between  adjoining  angles  in  a  zigzag  feushion.  In 
Isihmia,  this  hinge  or  connecting  link  attains  a  greater  magnitude,  and,  in 
&ct,  is  double.  In  Podosira  (U.  45)  and  in  some  spedee  of  Mdasira  a 
junction-process  is  developed  fh>m  the  centre  of  each  frustule  in  the  diain. 
In  other  Mehsirai  and  in  Orthasira,  the  junction-sur&ces  are  toothed  (den- 
tate), and  thus  hold  the  adjoining  frustules  in  firm  union.  In  the  instance 
of  Biddulphia  (II.  46,  48),  the  surfaces  in  union  are  curioudy  dongated  at 
the  angles  into  rounded  or  hom-liko  processes,  whilst  thdr  convexity  is 
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crowned  by  sefyeral  biistles  or  setsB.  Lastly,  in  Eucam^pia  (IE.  43)  the 
jimetioii-sarfiEU^e  are  ao  excavated,  that  when  die  frostules  are  concatenated  a 
filamait  is  fanned,  perforated  by  oval  foramina. 

In  not  a  few  genera,  as  above  mentioned,  the  attachment  is  at  opposed 
tnglesy  and  a  zigzag  chain  produced ;  bat  in  Isihmia  (X.  183)  it  is  pecoliar 
in  being  indiscnminately  made  at  any  part  of  the  adjacent  frastule,  and 
thereby  prodaoes  an  irregnlarly  branched  filament. 

The  above  examples  mil  suffice  to  illustrate  the  characters  and  varieties 
of  concatenation  in  the  form  of  filaments,  whether  straight  or  spiral ;  bat  it 
18  neceflsaiy  to  add  that  the  width  of  a  filament ''  equals  the  length  of  the 
fiuBtole  or  valve  measured  along  the  suture  or  junction-line,  and  that  the 
breadth  of  the  valve  denotes  the  thickness  of  the  filament"  (Sndth,  Synops. 
ii.  6).  In  tiiose  instances  in  which  frustules  are  connected  togetiier  by  a 
process  or  small  isthmus  acting  as  a  sort  of  hinge,  the  concatenation  cannot 
be  ascribed  to  incomplete  division  only,  for  the  existence  of  such  a  process  is 
the  result  of  a  special  formation  which  essentially  corresponds  with  the 
pe£ele  or  stipes  of  fixed  species. 

Numerous  Diatomese  grow  attached  to  foreign  bodies  by  a  stalk  of  variable 
length,  and  which,  although  generally  simple,  is  sometimes  compound  by 
Priding  and  subdividing  in  a  ramose  manner.  Even  among  the  recognized 
free  IHatomese,  such  as  Ncwiculay  Pinnularia,  Nitzsehia,  &c.,  specimens  are 
not  unfirequently  seen  adherent  by  one  extremity,  about  which  they  turn 
or  bend  themselves  as  on  a  hinge ;  however,  in  tiliese  instances  such  union 
is  but  temporary,  and  no  connecting  medium  exists.  In  Synedra  (X.  184), 
on  the  other  hand,  a  bond  of  union  occurs  in  the  form  of  a  little  gelatinous 
ooDieal  nodule,  resembling  very  nearly  the  hinge-like  isthmus  which  binds  to- 
gether the  firustales  of  many  genera  in  a  sort  of  zigzag  chain.  By  the  process 
of  sdf-division  it  also  comes  to  pass  that  groups  of  Synedrce  occur  attached 
together  by  the  same  point,  in  a  &n-like  or  a  stellate  form,  as  in  iS.  radians^ 
8.  t^mgy  Ae,  In  other  species  detachment  after  fission  is  too  speedy  to 
allow  of  this  sort  of  comlnnation,  except  of  some  two  or  four  in&viduals. 
The  fim-Hke  collection  of  frustules  is  said  to  be  flabellate,  fEtn-like,  or 
radiating ;  and  when  the  component  members  are  curved,  they  and  the  bun-* 
dies  they  form  are  described  as  arcuate.  The  nodule  of  attachment  occurs 
in  various  degrees  of  development,  and  attains  in  this  same  genus  Synedra  to 
the  dimensions  of  a  pedide— ex.  in  Synedra  twperhay  and  even  to  branch, 
as  in  Synedra  ful^ens  and  Synedra  ptddheHa, 

When  a  stipe  branches,  it  does  so  normally  in  a  dichotomous  manner  by 
&e  very  drcumstance  of  the  process  of  self-division,  each  new  individual 
pfodoeed  by  that  act  developing  its  own  secondary  pedicle,  or  pedicd. 

This  regular  dichotomy  is  instanced  in  the  genera  Doryphora  (AlV.  21), 
Coeeonema (Xlll.  10),  and  Oomplumema  (XTTT.  11).  In Liemophora  (XTII. 
20),  and  in  one  flpeeies  of  EMpidophora,  viz.  Bh,  Dahnatiea,  an  irregular 
btmndiing — easentially  dichotomous,  however — ^is  met  with,  and  is  thus  ex* 
plained  by  Prof.  Smith: — ^''In  Kkipidophora  paradoxa  and  Bh,  eUmgaia, 
self-diTiflion  is  immediately  followed  by  me  separation  of  the  half-new  frus* 
tides  and  a  dichotomy  in  the  filamentous  stipes,  while  in  the  pres^it  genus 
tibe  fraatolee  remain  for  a  time  coherent,  and  continue  dividing  and  mul- 
tiplying on  the  summit  of  the  pedicel,  which  becomes  elongated  and  incras- 
a^bed  at  each  successive  repetition  of  the  process. ...  A  branching,  or  rather 
kag^taifinal  rupture,  of  the  pedicle  takes  place  at  irregular  intervals ;  and  the 
entire  organinn  presents  us  with  more  or  less  complete  flabella  (fan-like 
dnters)  on  the  summit  of  the  branches,  and  imperfect  flabeUa  or  single 
frwtoke  inwolariy  scattered  throu^out  the  entire  length  of  the  pedicel.^ 
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The  same  authority  has  the  following  remark  on  the  prooess  of  ramification : 
he  says  (i.  75),  *'  When  self-division  (t.  e.  of  the  frustoles)  is  completed,  the 
extension  of  the  filament  hdow  the  frustoles  is  suspended,  a  joint  or  arti* 
culation  is  formed  at  the  base  of  the  dividing  frustule,  and  each  of  the  half- 
new  fiiistulee  begins  anew,  in  its  prt^press  towards  special  self-division,  the 
secretion  of  a  new  joint  or  intemode ;  and  a  dichotomy  is  the  result." 

The  occurrence  of  the  double  condition  of  union  of  frustules  in  a  con- 
catenate manner  and  of  attachment  by  a  pedicle  is  illustrated  in  the  genera 
Achnanihes  (X.  201, 202),  StriateUa  (X.  203, 204),  Ehahdonema  (Xm..27), 
and  Podonra  (II.  45).  In  Melodra  also,  attached  species  occur ;  and  Prof. 
Smith  inclines  to  the  opinion  that  all  filamentous  Diatomeee  are  stipitate  on 
their  first  production.  In  the  second  stalked  genus  cited,  viz.  StriateUa^  the 
stalk  attains  the  highest  development,  but  remains  slender  and  unbranched. 
Between  this  most  developed  form  and  the  mere  nodules  of  attachment  in  the 
genera  Achnanthes  and  Mdosira^  every  intermediate  phase  is  encountered. 
In  any  one  species,  however,  there  is  no  positive  determinate  length  of  the 
stipes,  for  this  varies  according  to  the  idiosyncrasy,  vigour,  and  external  con- 
ditions affecting  the  organism;  consequently  characters  derived  firom  the 
dimensions  of  the  stems  can  have  no  specific  value. 

There  is  a  large  section  of  IHatomesB  in  which  the  frostules  are  diffused 
throughout  a  mucous  or  muco-gektinous  mass,  rarely  confusedly,  but  mostly 
in  a  definite  manner,  usually  in  thread-  or  tube-like  branches,  which  nor^ 
mally  ramify  in  a  dichotomous  fashion,  and  resemble  on  a  minute  scale  the 
tufts  formed  by  many  large  sea-weeds.  This  peculiar  aggregation  is  the 
consequence  of  the  lai^  production  and  subsequent  persistence  of  the  mucus 
which  is  thrown  out  when  the  system  of  reproduction,  whether  by  sporangia 
or  by  fission,  takes  place.  Histologically,  therefore,  it  is  homolc^us  with 
the  pedicles  and  connecting  nodules  or  isthmi  thrown  out  during  the  act  of 
self-division,  as  also  with  tibe  mucous  stratum,  which  still  very  often  persists 
when  that  act  is  complete,  around  specimens  of  Coceoneis,  ChasloeeroSy  Mdo-- 
sira,  FraffUaria,  StriateUa^  &c. 

llie  tissue  thus  composed  of  mucus  and  enclosed  frustules  constitutes  what 
is  called  (from  analogy  with  the  large  Algae  and  other  Cryptogamic  plants) 
the  frond,  and  affects  various  shapes,  in  some  measure  characteristic  of  the 
genera.  Thus,  in  one  of  those  so-called  fiN>ndose  Diatomese,  viz.  Diekieia 
(XY.  30,  31),  it  is  membranous  and  leaf-like,  and  resembles  a  species  of 
Ulva;  in  Mastogloia,  filiform  with  nipple-like  expansions;  in  Encyimema 
(XIV.  22),  Homceodadia  (XIV.  37, 38,  47,  49),  and  Schizonema,  filamentous 
and  more  or  less  branched ;  in  CoUetonema  subcoTucrens,  globose.  Again,  when 
filamentous,  the  ramifications  differ  much  in  thickness  and  in  expansion,  and 
in  the  extent  of  adhesion  between  the  branches ;  where  these  are  long  and 
slender  they  are  called  '  capillary,'  and  where  contiguous  branches  coalesce, 
they  give  rise  to  a  submembronous  condition.  The  degree  and  mode  of 
division,  the  collection  of  the  branches  into  bundles  (t.  e.  fasciculi),  or,  on  the 
contrary,  their  loose  or  diffuse  arrangement,  supply  useful  characters  in  the 
distinction  of  species.  Again,  the  fronds  differ  in  consLstence,  being  in  acme 
genera  or  species  more  rigid,  setaceous,  or  robust,  in  others  softer,  flaodLd, 
and  more  dmoate :  these  opposite  conditions  furnish  Prof.  Smith  with  grounds 
for  the  division  of  the  genus  Sehizonema  into  two  tribes. 

The  disposition  of  the  frustules  within  the  mucous  investment  suppli^ 
other  important  distinctions.  Thus  in  Diekieia  it  is  irregular;  in  Mastogloia 
each  little  frustule  occupies  ''  the  summit  of  a  little  nipple-Uke  cushion  of 
gelatine ; "  in  Berheleya  (XIV.  34,  36)  the  frostules  are  densely  packed  in 
the  filaments;  in  Encyonema  they  occur  mostly   **in  single  file,   except 
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towiidB  t&e  extremities^  where  they  are  somewhat  crowded"  within  the 
Atinctly  tabular  filaments,  and  enjoy  a  certain  latitude  of  moyement ;  and, 
jastly,  in  CoUetanema  and  Sehizonema  (X.  207,  208)  they  are  arranged 
in  one  or  more  files  according  to  the  stage  of  growth,  within  less  per- 
fect tubes  than  in  the  genus  last  mentioned,  and  retained  in  situ  by  the 
Bociis  around. 

Ehrenberg  recognized  this  tribe  of  compound  Diatomes,  and  introduced  it  as 
Mieof  the  sections  of  his  great  fiunily  BaeiUaria,  under  the  name  of  Laeemata, 
«r  NmncmUB  with  a  double  lorica.  His  acquaintance  with  the  group  was,  how- 
ever, yery  imperfoct,  and  he  appears  to  have  comprehended  in  it  organisms 
quite  foreign  to  it,  and  to  have  flEuled  to  give  that  precision  to  his  classifi- 
eatian  of  the  included  beings  which  could  idone  confBr  a  high  scientific  value 
and  permanence  upon  it. 

Of  THS  Eftblofes  of  the  Fbttstulbs  of  DiATOicBJB. — The  SiUdoua  Shell  or 
lariea  ;  iU  Divisions  and  Strueturdl  C&mposiHan,  Markings,  Striof,  Canali^ 
eu^,  Pmneta,  4^,  —  Sufficient  has  been  said  of  the  mucous  coat  which  at 
oertain  times,  and  always  in  certain  genera,  surrounds  the  firustules  of 
Distomea).  l^ie  firustules  themselyes  remain  to  be  described:  they  are 
hoQow  Taiiously-shaped  cells  having  but  one  cavity — ^unicellular,  and  a 
■iliesoas  outer  wall,  unaffected  by  a  red  heat  and  by  strong  adds,  which 
would  eorrode  and  dissolve  every  other  substance  belonging  to  a  Hving  being 
exte^  silex.  This  silex  is  stated  not  to  polarize  light,  as  does  the  mineral 
rilex  not  in  combination  with  oiganic  beings ;  and  the  erroneous  statement 
Made  by  scHne  suthors,  of  the  polarizing  effect  of  some  I>iatomaceous  shells 
is  dne  to  the  circumstance,  that  they  did  not  take  care  to  thoroughly  remove 
the  organic  carbonaceous  matter  with  which  the  silex  is  in  union  in  the 
jkiistules  in  question. 

Tbe  silex,  besides  being  united  with  organic  matter,  deposited  it  may  be 
within  a  cdlnlar  tissue^  is  contaminated  by  iron,  which  Professor  Erankland 
of  Manchester  states  {Smi^,  8ynops.  p.  xxi)  '^  exists  in  the  state  of  a 
alicste  or  protoxide  ....'<  and  he  attributes  to  its  presence ''  the  brown  colour 
which  is  assumed  upon  exposing  the  Diatoms  to  the  influence  of  a  moderate 
heat;  the  protoxide  of  iron,  by  the  gradual  absorption  of  oxygen,  being 
converted  into  brown  peroxide  of  iron,  which  assumes  a  redder  tinge  upon 
being  more  strongly  h^ted." 

The  rdative  proportion  of  silica  varies  within  considerable  limits  in  different 
genera  of  Diatomeee.  In  several  genera,  perhaps  in  marine  ones  exclusively, 
it  ia  very  deficient,  and  the  wall  of  the  firustule  is  UtUe  more  than  homy,  or  it 
may  be  even  flaccid,  as  for  example  in  Diekieia  and  Sehizonema,  The  firustules 
oi  FragOaria,  StriateUa,  and  Podosira  are  less  firmly  siHcious  than  those  of 
many  oUiers  of  the  filamentous  DiatomesB.  In  some  genera  (those,  viz., 
which  produce  tubular  processes)  sQex  is  deficient  or  absent  from  the  pro- 
dneed  wall ;  in  Podosira  this  deficiency  occurs  at  the  apex  of  the  valves,  and 
in  Prof.  Sndth's  opinion  is  probably  intended  <<to  allow  a  free  secretion  of 
llie  nmcus  which  unites  the  frnstules  and  provides  a  pedicle  for  their  attach- 
ment to  ^e  plant  on  which  they  grow,  as  it  does  not  occur  on  the  non- 
attadied  valve  of  the  first-formed  firustule.  In  the  living  state  the  absence 
of  dlex  is  not  peroaved ;  but  when  the  firustules  have  been  macerated  in 
add,  these  portions  of  the  valves  appear  as  perforations,  owing  to  the  dis- 
appeanmce  of  the  cell-membrane.'' 

The  frostoles  d  the  BiatomeeB  are  composed,  as  before  stated,  of  two 
nmaDy  mmre  or  lees  convex  valves,  endoeing  a  single  cavity,  which  becomes 
aagmented  by  the  growth  of  a  third  segment  interposed  between  them,  pro- 
pnpantory  to  the  process  of  self-division.    Meneghini  asserts  that 
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the  aOicious  shield  or  lorioa  is  four-sided,  and  oompoeed  of  four  pieces  or 
valves.  Although  this  appears  to  he  the  true  structure  of  some  species,  owing 
to  the  ready  s^;>aration  of  the  connecting  membrane  into  two  portions,  yet  the 
majority  offer  no  countenance  to  the  notion,  the  connecting  membrane 
forming  a  continuous  oval  or  circular  ring.  In  Triceraiium,  however,  is  an 
example  of  an  even  more  pseudo-multiple  composition ;  for  its  prismatic  tri- 
angular firustule  breaks  up  into  '*  two  triangular  plates  or  waUs  of  silex 
forming  the  ends,  and  into  three  oblong  rectangular  pieces  or  bands  forming 
the  three  sides,  the  latter  usually  dividing  themselves  into  several  elongated 
pm^eliform  pieces''  (BrightweU,  J.  M.  S.  U  248). 

Again,  in  several  genera,  doubtfully  arranged  by  Ehrenbei^  among  the 
silidous  Badllaria,  e.g.  DiUyodia  (XXI.  62, 63)  and  Metoema  (XII.  71),  the 
individuals  are  represented  as  composed  of  several  segments  united  togethra*. 
Each  valve  consists  of  a  siHcious  lamina  superposed  on  an  organic  soft 
lining  (or  primordial)  membrane  which  immediately  encloses  the  contents  of 
the  cell.  NageU  speaks  of  a  mucilaginous  pellicle  on  the  inside  of  the 
oiganic  layer  as  a  sort  of  third  tunic ;  and  Eiitring  likewise  discovers  a  thin 
stratum  brought  into  view  when  recent  frustules  are  dried,  and  pi^eularly 
after  heating  them  to  redness,  in  the  shape  of  an  opake  brownish  stain,  or 
of  brown  Imes  or  points,  extending  not  unfrequently  over  a  considerable 
portion.  To  this  supposed  independent  materud  its  observer  applied  the 
name  '  eemewty  imagiuiug  it  to  be  the  connecting  matter  of  the  valves  and 
of  frustules  when  in  union,  and  attributed  its  brown  colour  to  the  presence 
of  iron.  This  presumed  layer  of  cement  we  can  regard  as  nothing  more  than 
the  stain  produced  by  the  oxidation  of  the  salts  of  iron  in  chemical  union 
with  the  olica,  as  Prof.  Frankland  has  shown  (p.  37).  However,  Men^hini 
adopts  the  notion  of  this  third  envelope  or  cement,  inasmuch  as  he  obs^es 
it  to  be  constant,  without  employing  the  means  used  by  Eutzing  to  display 
it,  not  merely  iu  the  species  enumerated  by  its  discoverer,  but  in  many 
others,  and  possibly  in  all  {B.  8.  1853,  p.  361) : — **  For  to  me  (continues  the 
same  author)  it  appears  to  correspond  with  that  fine  membrane  of  the  Aeh^ 
nantkidiu,  which,  according  to  KUtzing's  own  observation,  is  always  visible 
whenever  the  two  jiew  individuals  (into  which  every  Diatom  is  resolved  in 
its  multiplication  by  deduplication)  begin  to  separate.  The  lines  and  points 
supposed  to  belong  to  the  subjacent  shield  belong  very  frequently  to  this  kind 
of  covering."  The  analogy  expressed  in  the  quotation  just  given,  between 
the  delicate  stratum — ^the  'cement'  of  Kiitzdng,  and  the  secretion  poured 
out  when  self-division  is  proceeding,  we  cannot  regard  as  correct ;  for  this 
latter  is  a  special  and  usually  not  persistent  coating,  in  all  probability  exuded 
through  the  fissures  or  pores  uncovered  by  the  sihcious  liunina,  by  the  sub- 
jacent organic  membrane,  and  is  withal  destroyed  by  the  heat  generally 
required  to  bring  the  <  cement '  into  view,  whereas  the  presumed  coat  is 
represented  to  be  constant  and  also  permanent  both  under  the  operation  of 
fire  and  of  adds.  However,  the  belief  in  the  existence  of  a  vt^etahle  mem- 
brane outside  the  silidous  epiderm  gains  ground ;  for  Mr.  Shadbolt,  in  his 
preddential  address  before  the  Microscopical  Sodety,  1858  (T.  M.  S.  1858, 
p.  72),  states  it  as  the  result  of  his  researches,  tiiat  the  frustule  of  Arach- 
noidineuM  and  of  other  forms  consists  of  a  silidous  framework,  over  which  is 
stretched  a  species  of  meml>rane,  whether  silidoiis  or  not  he  does  not  presume 
to  dedde,  but  certainly  pliant  to  a  considerable  extent,  capable  of  bemg  par- 
tially relied  up  by  mechanical  agency  without  breaking,  and  elastic  enough 
to  return  to  its  original  position  when  the  extraneous  force  is  removed. 
"The  structure  noticed  by  Mr.  Eoper  in  Coseinodiscus  lahyrinQtuSy  and  by 
myself  in  the  more  common  spedes  G.  radieUus  and  TrieeraUuM  favus,  I 
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beBeve  to  be  of  predady  the  same  nature,  and  I  am  much  miBtaken  if  we  do 
Boi  find  it  in  many  other  flpeeies  of  the  IHatomacea.'' 

Li  the  aeeompanying  part  of  the  Journal  (J.  M.  8. 1858,  p.  162),  Prof. 
Walker- Amott  refers  with  approval  to  this  ofnnion  of  Mr.  Shadbolt,  and 
appends  some  most  important  remarks  bearing  on  the  preeenoe  or  absence  of 
tfais  membrane  in  the  determination  <^  spedes.  He  observes  that  *'  There 
can  be  no  doobt  tiiat  these  dises  (».  e,  of  Aracknoidueus)  have  a  homy 
veg^able  outer  covering,  in  addition  to  the  silieioos  one,  and  that  by  too 
kng  boiling  in  aeid,  as  is  necessary  for  goano,  the  marks  are  much  obli- 
tnatod  or  entirdy  removed.  This,  however,  is  not  pecoHar  to  the  present 
genna,  bat  maybe  observed,  more  or  leas,  in  all  Diatoms,  although  sometimes 
tiie  vegetable  pdlide  is  very  thin  and  may  be  removed  by  a  few  seocmds' 
jiamendon  in  boiling  nitric  acid.  It  is  this  circomstance  which  gives  a  qmte 
fiftrmt  appearance  to  the  same  species,  according  as  the  preparation  is 
made.  Tims,  in  Admoeyiilui  ihe  vegetable  epidermis  is  cellnlar,  while  the 
flilieioos  psrt  is  striated  like  a  Pleurotigma ;  and  when  the  vegetable  part  is 
natofvedf  we  often  find  nodnles  or  knobs  along  the  margin  (forming,  then, 
the  gennsOntfoAoIopelfa),  not  iHrevionaly  visible.  Those  who  describe  Diatoms 
from  slides  az«  thns  liable  to  commit  great  eiTor8,and  indeed  no  certainty  can  be 
obtained,  ezeept  by  getting  the  recent  or  growing  Diatom  and  ATMnii^wig  it, 
1st,  after  being  immosed  for  a  short  time  in  cold  add,  or  sim^y  wadied  in 
boding  water;  2ndly,  after  being  boiled  in  add  for  abont  half  a  minnte,  or  a 
whole  minute  at  most ;  and  drdly,  after  being  boiled  for  a  considerable  time : 
we  shall  then  see  that  many  of  tiie  supposed  distinct  spedes  of  authors  are 
the  aame,  i^eparedin  a  difBnent  way.  Of  course,  d^odts  or  guanos  can  yield 
fittle  or  no  information,  although,  when  once  a  spedes  has  been  determined 
by  the  way  I  have  indicated,  we  may  be  able  to  refer  forms  occurriog  in 
guano  or  dq>osits  to  it  with  tolerable  certainty." 

Mr.  BrightweQ,  speaking  of  the  lorica  or  silidous  epiderm  of  Triceradum, 
states  that  the  valves  are  resolvable  into  ^'several  distinct  layers  of  silex, 
Priding  like  the  t^in  divisions  (^  talc,  and  frequently  feund  of  sudi  ezqmdte 
ddicacy  as  to  be  difiKeult  of  detection"  (JlJlf.i9.  i.  248).  The  sUidous  lamina 
ia  generally  lodced  upon  as  a  (Hroduotion  or  secretion  from  the  subjacent 
ofganie  memtome,  the  true  cell-walL  Nageli  (JS.  8,  Bepafi$,  1846,  p.  220) 
aays,  "  it  lies  outride  the  membrane,  and  must  be  regarded,  from  analogy 
with  aU  other  similar  structures,  as  an  extra-cellular  substance  excreted  from 
^eell;"  and,  as  Menegfaini  (m>.  e»^.  p.  360)  adds,  '<  in  fiict,  an  organic  mem- 
bfme  ou^t  to  exist,  for  the  silica  could  not  become  solid  except  by  ciystal* 
firing  or  d^odting  itself  on  some  pre-exiBting  substance."     Prof.  Smith 

rver  states  (A.  N.  H.  1851)  that,  apart  from  analogy,  he  has  direct  eyi- 
of  the  independence  of  the  silidous  coat,  having  in  his  posseedon 

lOQs  specimens  <^  a  8taimmeis  (probably  8.  a^pera^  £utz.),in  which  the 
vdves,  alter  aH^t  maceration  <^  the  frustules  in  aad,have,in  part  or  wholly, 
become  detached  from  the  cell-membrane,  leaving  a  scar  on  its  walls  bearing 
tiw  Satinet  impression  of  the  numerous  and  prominent  valvular  markingB  of 
Una  beantxfril  spedes.  The  same  observer  adds  that  he  has  in  some  cases 
■otieedthis  organic  membrane  to  contract  around  the  cell-contents,  upon  the 
death  of  the  oelL  Again,  the  application  of  hydrt^uoric  add,  proposed  by 
Prof.  Bailey,  to  recent,  and  sometimes  even  to  fossil  sheUs,  proves  the  same 
fret,  by  leaving  a  distinct  internal  flexible  cell-membrane  retaining  the 
genefalfinm,  after  the  dissolution  of  the  silica  by  the  add.  Further  support, 
if  needed,  ia  ftirnuhed  by  the  phenomena  of  cell-dividon,  in  which  tiie  lining 
■flmlnme  takes  the  initiative,  and  i»  followed  by  the  doubling-in  of  the 
external  coatiq[Kmit 
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Nevertheless,  although  a  silidous  layer  be  artificially  separable  from  the 
underlying  organic  coat,  the  relation  and  union  of  the  two  are  indeed 
very  intimate  :  and  in  the  case  of  the  apparently  inorganic  external  lamiTia, 
the  silex  must  be  presumed  to  be  deposited  in  some  form  of  connective  tissue, 
or,  in  other  words,  to  permeate  it.  This  opinion  is  advocated  by  Meneghini, 
who  adduces  in  its  support  the  circumstance  of  the  silidous  shield  of  Ach-- 
nanthidia  being  covered  with  "a  very  delicate  dilatable  membrane,  itself 
containing  silica,  as  is  proved  by  its  sustaining  unchanged  the  action  of  fire 
and  acids."  This  author  goes  on  to  suggest  that  ''this  permeation  may 
occur  either  in  the  wall  of  a  simple  cell,  as  is  seen  in  the  epidermal  ceUs  of 
many  plants,  or  within  minute  cells,  as  in  various  plants  and  animals." 

The  sur&ce  of  Diatomaceous  frustules  is  generally  very  beautifully  sculp- 
tured, and  the  markings  assume  the  appearance  of  dots  (puncta),  stripes 
(striee),  ribs  (costsB),  pinnules  (pinnae) ;  of  ftuxows  and  fine  lines ;  of  longi- 
tudinal, transverse  and  radiating  bands ;  of  canals  (canaUcuU),  and  of  odls 
or  areolsB,  whilst  each  and  all  these  varieties  present  striking  modifications 
in  number,  relative  distribution,  and  in  degree  of  development.  Again,  two 
or  more  sorts  of  markings  may  occur  together  in  the  same  individual ;  and 
lastly,  the  entire  frustule  may  be  covered,  or  certain  spots  may  be  left 
unoccupied  by  them,  in  the  form  of  bands,  circular  spaces,  and  the  like. 

The  preceding  account  of  the  coverings  of  a  Diatomaceous  frustule  make  it 
dear  that  the  apparent  superficial  markings,  although  chiefly  due  to  the 
sculptunng  of  the  silicious  epiderm  and  to  its  internal  involutions,  are  still 
in  some  instances  and  in  a  certain  degree  dependent  on  the  overlying  firm 
vegetable  membrane  which  Mr.  Shadbolt  and  others  have  shown  to  exist. 

But,  apart  from  this,  modem  research  shows  that  puncta,  lines,  costae  and 
other  markings  are  not  the  same  in  nature  in  all  examples  presenting  them ; 
that  in  one  case  a  circular  point  is  a  depresdon,  in  another  an  elevation,  and 
in  a  third  a  mere  thickening  or  condensation  of  silidous  material.  So 
of  lines  or  costse:  some  are  markings  of  the  sur&ce,  and  either  furrows, 
ridges  or  thickenings,  or  actual  canals,  whilst  others  are  the  result  of  invo- 
lutions or  foldings  of  the  intemal  coat  or  incomplete  septa. 

Again,  the  fine  lines  or  strisB  of  many  frustules  are  resolvable  into  rows  of 
minute  dots,  as  in  If^avicula  and  Pleurosigma,  When  the  stnsB  are  more 
distinctly  composed  of  rows  of  dots  or  puncta,  they  are  descnbed  as  monili- 
form ;  eiumiples  occur  in  Oomphonema  and  Podosphenia. 

Speaking  of  striae,  lines,  and  puncta  generally.  Prof.  Smith  (op,  dt,  i. 
p.  xvii)  coufesses  his  belief  that  they  are  all ''  modifications  in  the  arrangement 
of  the  silex  of  the  valve,  arising  from  the  mode  of  development  peculiar  in  each 
case  to  the  membrane  with  which  the  silex  is  combined ;"  and,  referring  to 
the  areolar  or  cellular-looking  valves  of  Triceraii'wm  and  of  Isthma  especially, 
and  to  the  recognized  growth  of  organized  beings  by  cells,  he  arrives  at  the 
conviction  that  *'  the  valvular  markings  in  every  case  arise  from  modifications 
of  cellular  tissue/*  which  forms,  so  to  speak,  the  matrix  of  the  silidous 
epiderm.  ''  No  difficulty  (he  adds)  presents  itself  to  the  suppodtion  that  the 
moniliform  striae  of  Epithemia,  Natnetda,  and  others,  the  circular  markings  of 
Coscinodiscus  eccentricus,  and  the  irregular  star-like  structure  of  Eupodiscus 
Argus,  are  all  modifications  of  cellular  tissue ;  and  even  in  the  costae  of  Pin^ 
rnUaria,  and  the  unresolvable  striae  of  Eupodtscus  9cu1ptu8  and  others,  it  is 
not  difficult  to  conceive  we  have  confluent  cells  whose  union  gives  rise  to  the 
appearance  of  lines  or  bands." 

Great  difference  has  existed,  and  even  yet  exists,  in  the  interpretation  of 
the  exact  nature  of  many  supeifidal  markings.  Some  circular  dots  or  puncta 
are  held  by  certain  observers  to  be  pits,  by  others  holes,  and  by  others  to  be 
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elfifnttkms.  So  of  stripee,  coste,  and  piimiiles:  to  some,  mch  maridngs  in 
special  instances  are  ridges ;  to  otheis,  ftnrows  or  fissures ;  to  others^  de* 
nations ;  and  to  others  again,  canals.  13ie  ardent  microscopical  research  of 
this  period  is  daily  diminishing  the  nnmber  of  these  enigmas,  and  intro- 
dadn^  oeirtainty  in  place  of  drabt  and  Tagoe  con^ectore.  To  Ehrenberg's 
gpgg^tneDOitm,  many  poncta  were  real  pores,  and  many  stris  or  cost»  real 
fissnres ;  the  fimner  of  these  weresaj^posed  to  giye  exit  to  a  few  or  to  mnlti- 
todinous  imaginaiy  ' pedal  oigans'  for  locomotion,  the  latter  to  serve  for  the 
passage  dT  ova,  and  generally  to  bring  the  {Hresomed  internal  animal  oxganiia- 
ticm  into  immediate  rdation  with  the  ext^nal  medium  aronnd  it. 

P^haps  the  discussion  respecting  the  natnre  of  a|^Mrent  pores  has  been 
most  animated  in  the  ease  of  the  genera  Naviada  and  Pmnuktrioj  which 
present  a  large  roonded  spot  at  each  extremity  ci  the  frnstak  and  a  central 
space  known  as  the  nmbiHcos,  with  a  tnbnlar  or  canal-Hke  band  connecting 
tiiem  together  (XII.  15,  21,  46 ;  XVI.  1).  From  the  nmbilicQS,  Ehrenberg 
betieved  a  single  locomotive  organ  to  pooeed — an  undivided  sde-Uke  foot, 
similar  to  the  locomotive  oigan  ci  snails,  whilst  he  represented  the  terminal 
points  to  be  orifices  for  l£e  porposes  of  nutrition  (JX  134).  Although 
denying  the  offices  assigned  thrai  by  the  Beriin  micrographer,  Kiitiing  coin- 
cided with  him  in  the  belief  of  their  being  actual  pores,  and  supposed  that 
th^  give  exit  to  a  gelatinous  substance,  such  as  is  actually  found  sur- 
rounding some  NmriculcBy  and  becomes  a  prominent  character  in  the  tribe  of 
Biatomese  represented  by  SMzontma.  Schleiden  {PrineipUs  of  BoUMy,  by 
LauJeegter,  p.  594)  speaks  of  the  longitudinal  band  as  a  deft,  and  ik  the 
median  and  terminal  spots  as  dreular  enlargements  or  thickened  spots  of 
silidous  matter.  He  moreover  appends  an  enlarged  lateral  view  of  a  Pm- 
nularia  (XYI.  2,  3,  4,  5),  to  prove  that  the  seeming  central  orifice  is  simply 
a  depression,  lliis  expbnation  of  their  nature  coincides  in  the  main  witi^ 
that  given  by  Prof,  Smith,  who  asserts  that  these  markings  are  due  to  a  lon- 
gitudinal band  of  condensed  and  more  solid  silex,  widened  into  small  expan- 
sions at  the  centre  and  extremities,  or  at  the  extremities  only,  and  prol»hly 
designed  to  give  firmness  to  the  valve.  '^  That  these  expansions  (he  adds) 
are  not  perforations  in  the  valve,  as  alleged  by  Ehrenberg,  and  acquiesced  in 
by  Kiitzing,  might  be  shown  in  various  ways.  The  internal  contents  oi  the 
frustule  never  escape  at  such  points  when  the  frustule  is  subjected  to  pressure, 
but  invariably  at  the  suture  or  the  extremities  ....  nor  does  the  valve  when 
fractured  show  any  disposition  to  break  at  the  expansions  of  the  central  line, 
as  would  necessarily  be  the  case  were  such  pdnts  perforations,  and  not 
nodules.  Moreover,  the  central  band  of  silex  is  itself  frequently  traversed  by 
a  narrow  line  which  .arises  from  the  confluence  of  a  series  of  cells,  whidi 
thus  form  a  minute  tube ;  but  this  tube  invariably  ends  in  a  rounded  extre- 
mily  at  the  central  and  terminal  nodules,  and  does  not  pass  into  an  q>ening 

or  aperture  in  the  valve The  bending  dovni  of  this  tube  and  the 

thi^kfifniTig  downwards  of  the  silex  at  the  nodules  give  the  semblance  of 
depressions  to  the  surface  of  the  valve  at  such  places.  But  I  am  disposed  to 
thmk  that  tiiis  is  merely  an  optical  appearance,  and  at  all  events  assured 
tibat  no  perforation  exists  at  such  points,  and  that  the  terms  applied  to  these 
nodules  by  different  authors,  implying  that  they  are  openings  or  ostiola,  aro 
altogether  inadmissible.^* 

i^camples  of  nodules  at  the  centre  and  extremities  are  found  in  the 
genera  An^hiprora,  Pinnularia,  Navicula  (XII.  5,  6),  and  GompTionema  (XII. 
15,  21,  46).  In  Stauronds  the  central  nodule  is  developed  transversely,  so 
as  to  form  a  smooth  transverse  band  or  <<stauros"  free  fr^m  markings 
(XIL  7,  8,  18).     A  median  longitudinal  ridge  or  band  exists  in  Navicular 
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SiauroneiB,  Sec,,  whilst  in  Amphiplewra  (XHL.  1, 2)  two  ridges  are  notioeaUe, 
but  whether  tiliese  are  of  the  same  nature  stractnrally  is  uncertain.  In 
Dar^hora,  again,  there  is  a  median  band,  but  no  nodules  distinguishable ;  and 
in  EwMtia  and  HimanHdium  the  terminal  nodules  would  seem  exceptional  in 
character,  being  due,  as  Prof.  Smith  supposes, ''  to  an  inflection  of  Uie  Talves 
at  the  point  of  junction."  The  rounded  space  in  the  centre  of  the  discoid 
Talves  ofAeHmeycim  (XI.  132)  and  Araehwndisctu  (XY.  18-21;,  which  is 
devoid  of  areola,  is  designated  by  him  a  psendo-nodule,  in  order,  we  presume, 
to  contrast  a  mere  bare  space  with  the  like  smooth  but  condensed  and  thid^- 
ened  spots  described  as  nodules. 

In  this  record  of  opinions,  those  of  Siebold  and  Nageli  (J.  M.  8.  L  196) 
should  not  be  omitted : — *'  Precisely  at  the  spots  (says  the  former  writer)  at 
which  Ehrenbeig  and  others  suppose  they  have  seen  six  openings  (t.  e.  three 
on  each  valve)  in  Navicula,  the  silicious  cell-membrane  is  lliickened,  and  con- 
sequently forms  so  many  rounded  eminences  which  project  internally."  These 
views  thus  &r  tally  with  those  of  Prof.  Smith  and  others ;  however,  a  few 
lines  further  on  in  lus  essay,  Siebold  expresses  the  belief  that  the  lines 
running  along  the  middle  of  the  sur&oes  from  one  thickening  to  another 
^  are  to  be  referred  to  a  suture,  fissure,  or  rather  gap,  in  which  no  silicioos 
matter  is  deposited,  so  that  in  Ihese  places  the  delicate  primordial  membrane 
which  lines  the  silicious  shield  can  be  brought  into  close  relation  with  the 
external  worid.  I  come  to  this  conclusion  from  the  circumstance  that  it  is 
exacdy  at  these  four  sutures  or  fissures  that  the  water  surrounding  the 
Ncuncula  is  set  in  motion."    (See  p.  50.) 

Upon  the  whole  question  of  the  actual  nature  of  the  markings  on  the 
sur&ce  of  the  silicious  frnstules,  we  are  happy  to  add  a  paper  published  by 
Prof.  Bailey  (Sill,  Jowm.  ii.  849),  which  appears  to  afford  a  satisfactory 
elucidation.  We  present  it  entire,  with  the  practical  notes  on  manipulation, 
so  that  our  readers  may  undertake  a  critical  examination  for  themselves : — 

**  I  now  offer  proof  which  removes  all  doubt,  and  shows  that  these  markings 
are  neither  apertures  nor  depressions,  but  are  in  reality  the  thickest  parts  of 
the  shell.  If  the  shells  are  placed  in  dilute  hydrofluoric  acid  and  watched 
by  the  aid  of  the  microscope  as  they  gradually  dissolve,  the  thinnest  parts  of 
course  dissolve  first,  and  apertures,  if  any  exist,  should  become  enlarged. 
Now  the  veiy  parts  which  have  been  called  orifices  by  some,  and  depreaBi<ms 
by  others,  are  the  last  of  all  to  disappear  as  the  shell  is  dissolved,  lliis  mode 
of  observation,  besides  establishing  the  tact  that  these  are  the  thickest  parts 
of  the  shell,  reveal  many  interesting  particulars  of  structure.  Thus,  in 
the  large  Pinnvlaria,  it  may  be  seen,  with  even  a  low  power,  that  the  two 
parallel  bands  (separated  by  a  canal)  which  reach  from  the  central  knob  to 
the  terminal  ones,  and  which  appear  smooth  before  the  application  of  acid, 
become  distinctly  striated  after  their  sur£eu;e  is  dissolved  off,  as  does  also  the 
central  spot  itself,  showing  that  strise  which  existed  in  the  young  shell  are 
covered  up  and  nearly  obHteratedj^by  subsequent  deposits.  In  Staurosira  the 
cross-band  and  the  two  longitudinal  bands  are  the  last  to  dissolve,  and  these 
last  bands,  as  in  most  Diatomacea,  appear  separated  by  what  is  either  a  canal 
or  thin  portions  of  the  shell.  In  Qrammatophora  the  undulating  lines  are 
internal  plates,  "vdiich  are  the  last  to  dissolve.  In  HelwpeUa,  ActinoptychttSf 
&c.,  the  polygonal  central  spot  is  the  last  to  disappear.  In  Isihmia,  tilie  spots 
on  the  surflace,  which  at  first  appear  like  granulfir  projections,  are  in  recdity 
thin  pprti<ms  of  the  shell,  and  under  the  action  of  the  add  they  soon  become 
holes.  The  add  also  proves  that  the  larger  spots  at  the  transverse  bands  are 
a  series  of  large  arcuate  holes  in  the  olidous  shell,  and  the  piers  of  this 
series  of  arches  remain  some  time  after  the  rest  of  the  shell  hias  vanished. 
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A  fev  fireeiioos  on  the  mode  of  mampolation  may  be  usefol.  As  the  fumes 
of  the  hydn^noric  acid,  if  they  reach  the  lenses,  would  greatly  mjure  them, 
it  IB  sdvuahle  to  protect  the  front  taoe  of  the  objectiTes  by  temporarily  oon- 
■ertiBg  to  them  a  thin  plate  of  mica  by  Canada  balsam,  as  mica  resists  the 
•etiott  of  hydraflnorio  acid  much  better  than  ^ass.  I  prepare  the  cell  in 
wfaidi  ihe  stdntion  is  to  take  place  by  cementing  a  plate  of  mica  to  a  ^ass 
slide,  and  then  cover  all  its  sor&ce,  except  a  central  small  disc,  with  wax. 
Qb  this  disc,  which  forms  a  cell,  the  shells  are  put  with  a  dish  of  water,  and 
after  adding  a  drop  or  two  of  add  by  means  of  a  dropping-rod  of  silver  or 
phtmnm,  the  eell  is  oovered  with  another  plate  of  mica,  and  the  slide  is  then 
pbeed  under  the  microeeope/' 

Some  markings  of  the  sur&ce,  apparent  only  as  stris  under  infbrior  magni- 
ffing  powen,  are  in  several  genera  resolvable,  as  before  noticed  (p.  40),  into 
lovsof  rounded  dots,  «.^.  in  PUura$igma;  and  in  consequence  such  spedmens 
hate  been  employed  to  try  the  relative  powers  of  microscopes,  and  are  spoken 
6f  as  *  test  objects/  But  the  powers  of  microscopes  have  beeoi  more  severely 
iBitedof  late  yeai«,by  the  endeavour  to  ascertain  whether  such  dots  are  eleva- 
tioBB  or  depresflioiis  of  the  surface,  and,  as  might  be  expected,  the  dissension 
on  this  matter  has  equalled  that  respecting  the  central  band  and  umbilicus. 

Dr.  J.  W.  Qriffith  is  in  fiivour  of  theb  being  depressions  ( JVoc.  Boy.  Soe* 
1855).  He  argues  that,  as  the  maridngs  **  are  evidently  dq>res8icms  in  the 
gnera  and  spedes  with  coarsely  marked  valves  (/ttibiita,  &c.),  we  should 
expect  from  analogy  that  the  same  would  apply  to  those  with  finer  markings 
(those  Tix.  in  di^mte,  Chfrosigma,  PUurotigma^  and  others).  And  this  view 
reeeives  further  support  from  the  fact  that  under  varied  methods  of  illumina- 
tkn  eoneiponding  appearances  are  presented  by  the  markings  when  viewed 
by  ^  mieroeeope — ^fh>m  those  which  are  very  large,  as  in  Isthmian  through 
those  of  moderate  and  small  size,  as  in  the  spedes  of  Coscmodiseus,  down  to 
those  in  which  they  are  extremely  minute,  for  instance  in  Oyromgmay 
te.  Hie  Mignl"*  (triangular  or  quadrangular)  appearance  assumed  by  the 
waAwigiy  arises  from  the  light  transmitted  through  the  valves  being  un- 
equally oblique;  this  may  be  readily  shown  in  the  more  coarsely  marked 
faWes  (/stibmia,  Coao'tiod^untf),  which  present  the  true  structural  appearance 
when  the  hg^t  is  reflected  by  the  mirror  in  its  ordinary  podtion,  and  the 
ipnioQS  MigwUr  appearance  when  the  light  is  rendered  oblique  by  moving 
the  mirror  to  (me  dde.^'  Another  statement  is  put  forward  by  the  same 
aathor  in  the  IBcrogra^phie  Dictionary  (Introduction,  p.  xxxiii)  in  support 
af  his  i^Mnion,  viz. ''  that  the  line  of  fracture  of  the  broken  valves  passes 
thra^  ^e  rows  of  dots  on  the  dark  Hnes  corresponding  to  them,  showing 
that  they  are  thinner  and  weaker  than  the  rest  of  the  substance.  Hadthesedots 
vefvesented  elevations,  the  valves  would  have  been  stronger  at  these  points." 

The  more  prevalent  opinion,  however,  is,  that  these  delicate  dots  in  rows 
aie  elevations  of  the  surface.  Mr.  G.  Hunt  {J.  M.  8.  1855,  pp.  174-175) 
adduces  an  obeervatian  to  demonstrate  this  tsLct.  He  found  that  on  a  sped- 
«n  of  PUwrongma  being  moistened,  the  markings  were  almost  entirely 
ohaeored,  but  that  on  the  application  of  a  gentle  heat  **  the  moisture  slowly 
retreated,  leaving  patches  of  the  shdl  diy,  and  with  the  markings  as  dis- 
taet  as  befove."  On  observing  these  dry  parts  of  the  shell,  they  were  seen  to 
be  mnfermly  bounded  by  siraight  ]m€S,parallel  to  the  two  directions  of  least 
diiCanee  of  the  dots.  ^^  Now  (continues  Mr.  Hunt),  on  the  suppodtion  of 
these  little  dots  being  elevations,  the  phenomenon  appears  to  me  easily  ex- 
pfieaUe  on  the  prindple  of  ciqiillaiy  attraction.  We  can  readily  concdve 
dK  OMMture  f^"g»"g  frcHU  <me  dot  to  another ;  and  it  would  always  have  a 
tadency  to  arrange  itscdf  in  lines  paralld  to  the  directions  of  least  distance. 
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I  amy  howeyer,  quite  at  a  loss  to  imagine  how  the  same  principle  would  apply 
on  the  hypothesis  that  the  dots  are  depressions^  nor  do  I  see  upon  what 
principle  the  phenomenon  is  explicable." 

A  direct  demonstration  that  the  markings  in  general  of  the  DiatomesB  are 
elevations  is  attempted  by  Mr.  Wenham,  whose  kuowledge  of  optics  and  prac- 
tical skill  in  mechanical  manipulation  are  not  exceeded  by  any  microscopist 
of  the  present  day  {J,  M,  8. 1865,  pp.  244-245).  To  quote  his  words— "A 
careful  study  of  the  coarser  varieties  will  distinctly  prove  that  the  markings 
are  raised  ribs  or  prominences  on  the  surfaces^  in  some  instances  on  one  side 
of  the  shell  only,  as  seen  in  the  Campylodiscus  spiralis  and  others.  Though 
the  microscope  proves  this  fstct  satisfiactorily  in  the  large  species,  it  £uls  to  do  so 
in  the  most  difficult  specimens,  chiefly  on  account  of  the  above-named  deceptive 
i^pearances,  arising  from  the  irregular  refraction  and  reflection  of  Hght.  It 
occurred  to  me  that  it  might  be  possible  to  obtaiu  a  perfect  cast  or  impre8si<»i 
of  the  structure ;  and  by  viewing  this  as  an  opake  object,  the  error,  if  arising 
from  refraction,  would  be  avoided^  and  a  discovery  might  be  the  reward  of  the 
experiment.  I  have  succeeded  in  effecting  this  by  means  of  the  electrotype 
process,  which  for  many  reasons  is  to  be  preferred,  as  it  does  not  distort  the 
object,  and  is  so  minutely  £uthful  that  even  the  mere  trace  of  organic  matter, 
left  by  a  slight  finger-mark,  is  perfectly  copied.  The  method  I  have  adopted 
is  tiiis : — ^Procure  a  small  plate  of  metal  highly  polished  (a  piece  of  daguerreo- 
type plate  answers  extremely  well),  and,  after  gently  heating  it,  rub  a  piece 
of  bees-wax  over  the  surfiEice ;  while  this  is  still  melted  wipe  it  nearly  all  off 
again  with  a  piece  of  rag,  so  as  to  allow  a  very  thin  film  to  remain ;  when 
the  plate  is  cold,  arrange  the  Diatomacea  or  other  objects,  previously  moist- 
ened, upon  the  waxed  surfstce^  heat  the  plate  again  to  at  least  212^,  in  order 
to  cement  the  objects  on  it.  The  wax  serves  a  twofold  purpose :  first,  its 
interposition  prevents  the  possibility  of  a  chemical  union  of  the  metallic 
deposit  with  the  plate ;  and  secondly,  the  object  is  securely  held  tiliereto  by 
its  agency.  The  objects  are  now  ready  to  receive  a  coating  of  copper,  li 
the  battery  is  in  good  working  order,  three  or  four  hours  will  give  a  film 
sufficiently  strong  to  bear  removal ;  when  this  is  stripped  off,  if  the  process 
has  been  properly  managed,  the  objects  will  be  seen  imbedded  in  its  surface ; 
whether  they  are  silidous  or  organic,  they  may  be  entirely  dissolved  out  by 
boiling  the  cast  in  a  test  tube  with  a  strong  solution  of  caustic  potash,  and 
afterwards  washing  with  distilled  water ;  the  copper  film  may  then  be  mounted 
in  Canada  balsam.  By  these  means  I  have  obtained  distinct  impressions  of 
the  markings  of  some  of  the  more  difficult  Diatomacea,  such  as  N,  {Pleuro- 
siffma)  BalHeum,  P.  Hvppocampua,  &c.,  leaving  no  doubt  of  their  prominent 
nature."     (See  Microscopic  Cabinet,  ed.  1832,  chap.  xvL  and  xviii.) 

Besides  tilie  superficial  markings  explicable  on  the  supposition  of  an  invest- 
ing areolar  membrane,  and  the  sculpturing  of  the  sUicious  epiderm,  there 
are  others,  dependent  on  structural  modifications  of  the  siUdous  laminae  of 
the  valves,  and  on  inflections  of  these  internally.  Among  the  former  are 
many  of  the  stronger-marked  costse  and  pinnules  of  Ehrenberg ;  and  among 
the  latter  are  to  be  reckoned  the  imperfect  partitions  ('septa')  seen  in 
several  genera,  and  those  peculiar  processes  of  the  internal  sur&ce  whidh 
Eutzing  called  <  vittcB.'  Schleiden  described  '  pinnules '  to  be  clefts  or  fissures. 
"  In  these  spots  (says  he),  the  shield  consists  of  two  leaves  lying  one  over  the 
other;  these  leaves  are  penetrated  by  the  small  clefts,  which,  when  both 
the  lamellae  touch  each  other,  are  somewhat  broader,  which  explains  the 
varying  breadth  of  the  clefts  according  to  the  alteration  of  the  fod.  Frag- 
ments in  which  this  structure  is  clearly  represented  may  be  frequently  obtained 
by  crushing  the  shield."  (XVI.  5,  6.) 
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Frafl  Smith  likewise  deecribes  inter-lamellar  channeLB,  under  the  name  of 
'canaUenU*  **  hollowed  oat  between  the  ailidoas  epiderm  and  internal  cell- 
membrane,  and  appar^itly  formed  by  waved  flexures  of  the  epidermal  enve- 

h^ They  are  Teiy  eonspicuous  in  Epithemia  hngiecmiM,  and  form 

diistmctiye  characters  in  the  g^iera  Surirdia  and  Campylcdi$eu$.^*  This 
observer  also  regards  them  "as  minute  canals  which  conrey  the  nutri- 
mental  fluid  to  the  sur&oe  of  the  internal  membrane/'  this  fluid  entering 
them  from  witiiont  throu^  pores  or  fissures  existing  along  the  line  of  suture 
of  the  valves  (p.  50).  That  ^ese  canals  are  not  modifications  of  the  cellular 
stractnre  of  the  silicious  epiderm  is  shown  by  the  drcumstanoe  of  the  striss 
pasaing  uninterruptedly  over  the  entire  surface  of  the  valves  in  some  EhnthenUof. 

The  costs  of  Campyloditeui  equally  appear  to  be  canalicuM,  and  are  dis- 
posed in  a  radiate  manner.  In  8wrvreUa  and  TryWoneUa  these  canals  are 
uaually  parallel,  whilst  in  Mattoghia  they  take  the  form  of  loculL 

Kdtziiig  assigned  a  special  structure  and  purpose  to  the  maridngs  he 
called  '  viWjBj  and  used  ihem  in  forming  a  subsection  of  Diatomec  he  called 
Vlttata,  The  Bev.  Prof.  Smith  remarks  that  to  him  these  markings  do  not 
seem  special  organs,  but  modifications  in  the  outline  of  the  valve,  which  is 
inflected.  In  Orammatcphora  (XI.  48,  49,  52,  53)  these  inflections  con- 
stitute a  leading  feature  of  the  genus,  and,  ftx>m  their  resemUanee  to  written 
characters,  have  suggested  its  name.  In  this  instance  they  form  incomplete 
septa. 

The  terms  striae  and  cost®  or  pinnules  are  not  synonymous.  Strise  are 
^e  finer  lines  of  alight  breadth,  which  may  look  like  narrow  grooves  or 
ridges,  whilst  oostse  or  pinnules  are  the  wider  markings,  having  an  evident 
doddle  contour,  and  the  appearance  of  flssures  or  canals.  The  flneness  of 
some  strise  is  such  that,  as  before  noted,  they  may  be  readily  overlooked ; 
however,,  their  presence,  when  not  poeitivelT  dononstrable,  may  be  assumed 
by  the  colours  dis^^yed  on  focusing  dried  specimens.  An  analogous  fiict 
presents  itself  in  the  case  of  mother-of-pearl,  which  owes  its  vaiying  and 
houtifQl  odours  to  the  existence  of  flne  lines  covering  its  sur&oe.  The 
colour  varies  in  different  species,  and  is  due  to  the  refraction  of  the  rays  of 
light  passing  through  the  silicious  epiderm ;  its  shades  depend  on  the  direction 
of  the  striae  and  on  their  distance  from  each  other;  its  aid  may  therefore  be 
advantageously  evoked  in  the  determination  of  species. 

Striae  generally  seem  io  be  produced  by  the  confluence  of  minute  rounded 
points  or  beads — in  other  words,  are  commonly  moniliform,  and  often  extend, 
as  products  of  an  investing  areolar  tissue,  over  the  entire  sur&ce  of  the  valves, 
miHke  those  costae  which  originate  in  structural  peculiarities  of  the  silicious 
plates.  Bows  of  puncta  occur  in  Nitz$ehia,  and  moniliform  striae  in  Navwula, 
Plewratiffma,  OomphoiMma,  and  PodotpTimia.  To  the  confluence  of  the 
Bop^flcial  cells,  U&.  Smith  attributes  the  production  of  the  costae  of  Phmu^ 
laria,  whilst  those  of  AehtunUhes  he  looks  upon  as  thickenings  on  the  under 
mr&ce  of  the  silicious  valves,  and  generally  similar  to  those  of  Igthnda,  which 
line  the  valves  and  anastomose  on  their  under  surface ;  lastly,  the  striae  of 
Bkabdonema  are  constituted  of  series  of  oblong  cells. 

The  value  of  the  external  markings  of  Biatomeae,  in  a  systematic  point  of 
view,  has  been  much  discussed.  Ehrenberg  assumed  the  number  of  striae 
or  of  costae  or  pinnules  to  be  constant  in  the  same  space  in  each  species,  and 
accordingly  gives  the  number  of  striae  counted  within  a  given  fraction  of  a 
hne.  A  great  multitude  of  species  was  the  consequence  of  this  plan ;  never- 
theless the  mere  fact  of  number  of  striae  within  a  given  space  cannot  be  esteemed 
a  valid  specific  character  by  itself;  for  it  seems  quite  dear  that  the  relative 
closeness  of  striae,  their  number  within  the  '001  of  an  inch,  varies  according 
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to  the  age  and  to  th6  size  of  the  valves,  and  both  mie  and  figure  are  oonsi- 
deiably  affected  by  cireamstances  of  growth,  of  locality,  and  the  like.  A 
writer  in  the  Microseopiml  Journal  (1855,  p.  307)  sugg^rts  that  the  nnmbei- 
of  striae  on  the  entire  valve  may  supply  a  more  stable  character ;  yet  even 
on  this  point  we  are  wanting  in  direct  observation  to  show  that  this  number 
may  not  be  affected  by  accidental  circimistances. 

Although  ''  the  relative  distance  of  the  strisB  and  their  greater  or  less  dis- 
tinctness" be  accounted  by  Prof.  Smith  of  specific  importance,  yet  he  is 
obliged  to  admit  (J,  M.  8, 1853,  p.  133)  that  it  is  by  no  means  certain  tiiat 
these  features  may  not  to  a  alight  extent  be  modified  by  localities  and  age, 
and  is  disposed  to  believe  that  they  are  certain  guides  only  when  we  have 
made  allowance  for  these  conditions,  and  that  while  they  are  constant  in 
frustules  origiually  from  the  same  embryo,  they  may  slightly  vary  in  those 
which  owe  their  birth  to  different  embryonic  cells.  It  ib  also  worthy  of 
note  that,  ia  certain  instances,  e,  g.  in  Odontidium  hyemalis,  BSpUhemia  Areus, 
&c.,  the  cost®  are  frequently  more  numerous  on  one  valve  than  on  the  other. 

Other  illustrations  of  the  variation  in  the  number  and  in  the  distinctness 
of  striae  in  the  same  species  are  to  be  found  in  the  late  lamented  Dr.  Orrery's 
valuable  papers  (T,  M,  8,  1855,  p.  10).  The  relative  position  of  strise — ^if 
parallel  or  radiate,  their  moniliform  or  confluent  character,  their  equal  and 
general  division  over  the  entire  surface,  or  their  absence  at  parts,  are  other 
circumstances  available  for  the  purposes  of  classification. 

Besides  striation,  the  other  descriptions  of  superficial  markings  are  resorted 
to  for  specific  and  generic  characters.  Such  are  the  presence  or  absence  of 
a  medi^  band,  with  central  and  terminal  nodules,  the  existence  of  a  trans-* 
verse  band,  the  figure,  relative  position  and  aggregation  of  the  areolae  or  cells 
of  the  sur£Eu;e.  The  median  and  transverse  bands  have  been  employed  by 
all  systematists,  and  would  seem  well  suited  to  furnish  characteristica  by  their 
constancy.  The  same  may  be  said  of  the  pore-like  spots  or  nodules.  Kiitzing 
went  so  far  as  to  make  the  presence  or  absence  of  a  central  nodule  or  mn- 
bilious  the  turning-point  in  his  grand  division  of  the  Diatomeae  into  um- 
bilicated  and  non-umbiHcated. 

Lastly,  speakiog  generally,  the  precaution  intimated  by  Prof.  Walker- Amott 
(p.  39),  of  having  specimens,  intended  to  be  compared  together  for  the  determi- 
nation of  specific  forms,  similarly  prepared,  must  ever  be  borne  ui  mind  where 
the  superficial  markings  are  referried  to  for  characters;  otherwise  an  excessive 
and  erroneous  multiplication  of  species,  and  a  deplorable  confrision  will  results 

We  have  already  seen  that  the  connecting  membrane  is  not  an  essential 
segment  of  a  Diatomaceous  frustule,  but  an  after-development  in  connexion 
with  the  process  of  self-division ;  yet,  notwithstanding,  it  is  so  frequently 
present,  and  in  many  examples  its  dimensions  and  characters  are  so  marked, 
that  it  supplies  an  important  element  in  specific  and  generic  descriptions. 

In  the  circular  and  discoid  Diatomeae,  it  assumes  tiie  form  of  a  continnooa 
ring  (XI.  40,  42),  but  in  many  oblong  and  navicular  frustules  it  is  itself 
oblong  or  navicular,  having  a  figure  the  reverse  of  the  valves  it  is  placed 
between  (XII.  17,  24,  31 ;  XIII.  5,  6,  7).  In  these  latter  and  in  eUier 
instances  it  is  frequently  separable  into  two  portions,  at  the  opposite  extre- 
mities of  the  frustules  where  the  silex  is  absent ;  and  hence  it  is  that  the 
shells  of  the  Diatomeae  have  been  described  by  Meneghini  and  other  writers 
as  composed  of  four  s^pnents. 

In  general,  the  proportion  of  silex  in  its  constitution  is  less  than  that  in 
the  valves ;  and  the  existence  of  markings— <rf  areolae,  striae,  and  the  Hke — 
is  also  much  rarer.  Where  they  do  occur,  they  frirnish  usefrd  particulars 
in  defining  species  and  genera.    The  small  development  of  the  connecting 
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memkvne  in  PlewoMigma  is  a  remarkable  feature  of  that  gemilA,  whilst  in 
Gimphcmema  (XH.  2S,  53),  and  other  genera  with  cnneate  (wedge-shaped) 
frnstake,  the  figure  is  due  to  the  greater  development  of  this  segment  at  one 
end  than  at  the  other.  In  An^p^^^rora  (XUI.  5,  6),  AehnavUheSf  HmianH^ 
dwm  (Xn.  50,  52),  and  MeUmra,  the  connecting  membrane  is  striated,  and 
m  mdduiphia  (n.  48),  IsOmia  (X.  183),  vnA  AmphHetroB  (XI.  21,  22)  is 
eeUnlate  or  areolate. 

In  certain  genera  the  connecting  membrane  takes  on  an  extraordinary 
defdopment,  which  greatly  modifies  the  figure  of  the  frastoles.  Instead  of 
being  Hmited  to  the  interspace  between  the  opposed  valves,  it  extends  on 
ath^  side  beycmd  the  sotores  (XTT.  9),  presents  itself  as  a  band  of  greats 
or  less  width,  and  acqoires  an  nnnsoal  persistence.  Under  this  form  it  con- 
stitutes the  ^cmguUnm*  of  ctescriptive  writers,  and  is  seen  in  An^hiteiras, 
Biddulphiay  Padosiraf  and  Mdot&a.  In  the  last,  two  genera.  Prof.  Smith 
tdlfl  us,  the  persistence  of  this  circular  band  is  ''  eminently  conspicuous, 
retaining  the  frostules  after  self-division  in  a  geminate  union  until  tiie  self- 
diTiding  process  is  renewed." 

GoxTBKis  or  FnvsTuifs. — Nucleus,  supposed  Digestive  SacSy  Seproduetive 
VesieleSy  jv. — ^The  organic  membrane  of  the  firustules  of  DiatomesB,  str^igth- 
ened  externally  by  the  silicious  j^tes,  encloses  within  its  cell-like  cavity  a 
soft  mucilagiiions  substance  filled  with  numerous  granules  and  globules,  and 
vsoalfy  of  &  yellow-brown  or  orange-brown  colour,  but  at  times  of  a 
green  hue,  and  technically  known  as  the  * e/ndoehrtmu*  or  in  Eiitzing's 
phraseology,  the  *g<mimie  substance,*  The  granular  matter  is  particn- 
kdy  aggregated  about  the  organic  wall,  leaving  the  central  portion  mora 
deer.  In  this  dear  central  space  is  a  transparent  veaide,  representing  the 
andeos  <^  the  cell,  having  the  granules  frequently  collected  around  it  in  an 
anniilar  form.  Nageli  states  that  the  nndeus,  enclosing  a  nucleolus,  lies 
aometimes  free  in  the  centre  of  the  frustular  cavity,  bnt  at  other  times  is 
aiBxed  at  one  qpot  to  the  wall,  and  theroforo  *  pazietaL'  He  also  describes 
two  sorts  of  nndei,  viz.  primary  and  secondary,  attributing  to  the  former  the 
aetive  part.  Schldden  represents  the  nucleus  to  be  primarily  concerned  in 
fte  original  formation  of  l^e  cell,  as  well  as  in  its  subsequent  multiplication 
by  self-division* 

Among  other  elements  of  the  endochrome  are  more  or  fewer  rather 
tiinshic0it  globules,  which  Prof.  Smith  believes,  like  Xiitring,  to  be  secro-* 
tuns  of  ilie  ceQ,  of  a  fi&tty  or  oily  composition,  and  to  be  the  source  of  the 
peculiar  odour  emitted  on  burning  the  Diatomeee.  In  support  of  this 
riew  Xiltsing  states  that  he  has  occasionally  seen  two  coalesce,  proving  the 
ihsence  of  premier  walls,  and  expresses  his  conviction  that  thcNse  corpuscles 
aieakin  to  the  amylaceous  secretions  of  the  DesmidieeD  and  Oonfervee  and  the 
•tudt-grannles  of  the  hig^  v^;etables. 

These  g^bnles  are  smaller  than  tto  nuclear  space,  and  occupy  a  pretty 
eenstant  and  ^tefinite  position.  **  The  number  of  these  globules  is  frequently 
ibor,  often  i^aced  near  the  extremities,  or  more  rarely  dustered  round  the 
eentzal  veeide.^  Meneghini  (op.  eit,  E.  8.  p.  B64),  alluding  to  these  vesides, 
itiftes  them  to  vary  in  number,  size,  and  disposition  at  different  stages,  and 
•mmtmMng  to  various  conditions,  even  under  the  eye  of  the  observer. 

These  apparent  <nl-globules  were  called  by  Ehrenberg  male  sexual  glands 
or  testes,  whilst  those  other  vesides  distributed  within  the  mucilaginous 
natter,  dttai  about  the  nudeus,  were  named  stomachs.  The  latter  idea  he 
based  e^>ecially  on  a  series  of  experiments  to  introduce  colouring  matter 
into  die  interior  of  the  frnstules,  in  which  he  believed  he  succeeded.  The 
apeeies  mentioned  are  Navktda  gracilis,  N,  Amphishcena,  N.  viridufa,  N.fulvaf 
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N.  Niiztchiiy  N,  lanceolata,  and  N,  eapitata ;  bIbo  Oamphonema  tnmeatum, 
Cocean&ma  mtula,  Arihrodesmus  quadrieaudcUus,  and  Closterium  acerosum. 
The  two  last,  however,  are  DesmidiesB.  In  the  seven  species  of  Ncmeula 
enumerated,  from  4  to  20  little  stomach-sacs  are  said  to  have  become  filled 
with  the  indigo  employed  as  the  colouring  matter. 

<<  This  effect  (as  Meneghini  remarks)  could  only  be  produced  by  keeping  the 
Diatomeffi  a  long  time  in  water  laden  with  particles  of  indigo,  and  often  re- 
newed." Eiitzing  deduced  an  opposite  conclusion  from  these  experiments, 
viz.  that  they  were  solid  corpuscles  which,  being  seated  near  an  opening, 
exerted  an  especial  attraction  upon  the  colouring  matter.  Meyen  argued^ 
80  long  since  as  1839  (Jahresbencht  d,  AJcad,  BerUn),  against  the  supposed 
stomach-sacs  and  the  entrance  of  colouring  matter  within  them.  Bis 
objections  are  thus  expressed : — "  On  the  one  hand,  I  can  see  no  stomach-sacs 
in  the  NaviculcB,  and  never  observed  in  the  living  and  moving  BadUaria  the 
colouring  matter  received  at  one  extremity  and  carried  towards  the  centre, 
where  ^ese  stomach-sacs  should  lie,  whilst  among  the  ciliated  Infusoria 
such  observations  are  easy ;  on  the  other  hand,  it  is  not  uncommon,  especially 
in  the  larger  species,  to  see  the  molecules  of  the  colouring  matter  employed, 
lie  upon  l£ie  middle  of  the  broad  ventral  surface,  looking  as  if  actually  within 
the  organism ;  but  if  a  glass  plate  be  placed  upon  the  specimen  and  then 
carefully  removed,  the  particles  of  colouring  matter  are  taken  away  with  it." 
Even  £hrenberg  admitted  that  the  presumeid  stomach-sacs  varied  in  number, 
were  quite  irregular  in  their  disposition  in  the  interior,  and  not  unfrequently 
wanting  altoge^er.  This  last  circimistanee,  Eiitzing  remarks,  is  opposed  to 
the  belief  in  ^eir  digestive  Amotions,  since  such  important  organs  as  stomachs 
can  never  be  supposed  absent. 

Although  the  existence  of  this  &nciful  polygastric  apparatus  in  the 
DiatomesB  is  scarcely  worth  controverting,  yet  we  may  add  to  the  above 
objections  to  it  the  &ct  that,  in  the  hands  of  other  experimenters,  the 
attempt  to  introduce  colouring  matter  by  any  definite  apertures  into  the 
frustules  of  this  fjEunily  has  be^  unsuccessful. 

The  arrangement  of  the  mucilaginous  endochrome,  or  rather  of  its  pro- 
minent globules,  vesicles,  and  granules,  is  sufficiently  definite  and  constant 
in  the  same  species  to  afford  usefdl  characteristics.  At  one  time  these 
molecules  are  diffused  rather  irregularly ;  at  another  they  are  collected  in  a 
rounded  heap  towards  the  centre,  whilst  at  another  they  are  disposed  in 
lines  radiatii^  from  the  nucleus,  or  formed  in  a  layer  upon  the  cell- wall, — 
<^  at  all  times  "  (adds  Prof.  Smith)  <'  having  one  or  several  oily  globules, 
which  occupy  in  different  species  different  positions,  but  are  constant  in 
number  and  position  in  the  same  species.  The  minute  granules  "  (he  con- 
tinues, i.  p.  20) ''  are  generally  accumulated  in  thin  layers  towards  the  internal 
cell- walls :  when  the  frustule  is  so  turned  that  this  layer  of  endochrome  is 
presented  edgeways  to  the  eye,  the  granules  appear  to  be  chiefly  aggregated 
into  two  plates  applied  to  the  opposite  sides  of  the  frustule ;  and  when  self- 
division  is  in  progress  and  the  cell-contents  are  divided  into  two  portions, 
such  a  separation  or  temporary  aggregation  must  necessarily  ensue ;  but  in 
the  simplest  condition  of  the  frustule  tibe  contents  are  diffused  over  the  entire 
sur&ce  of  the  cell- walls,  precisely  as  may  be  seen  in  the  cells  of  many  of  the 
larger  Ajgs,  or  of  some  water-plants  of  a  higher  order,  as  in  the  leaves  of 
Bydrocharis  Morsus-rancB  and  others." 

Schultze  has  recently  represented  (MuU.  Arckw,  1858)  a  definite  peculiar 
disposition  of  the  endochrome — of  its  mucilaginous  and  granular  portions  and 
its^  coloured  corpuscles.  In  the  more  or  less  quadrate  frustules  of  DmticeUa, 
and  in  the  circular  ones  of  Coscinodiscus,  he  describes  the  existence  of  a  central 
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dear  jeAde,  from  wbieh  thin,  finely  granular  lines  or  threads  extend  and 
intersect  and  branch  in  a  reticulate  manner,  with  a  more  or  less  distinct 
radiatum,  the  mture  fluid  contents  flowing  between  them.  In  the  long  crlin- 
dncal  frostoles  of  Bhisotolema,  on  the  contrary,  these  granular  macilaginoos 
tbieads  ran  longitadinally.  Within  these  threads  the  colouring,  yellowish- 
brown  eorpnsdes,  not  drenlar,  but,  as  Schultze  says,  irregularly  multangular, 
are  diqtosed  and  retained  in  their  position.  Although  these  researches  extend 
to  60  few  forms,  yet  we  are  disposed  to  belicTe  that  thia  di^Msition  of  the 
ei^DOits  of  the  oidochrome  will  be  found  to  be  ^e  rule.  A  r^;ular  arrange- 
ment is  figured  in  many  drawings  of  the  I>iat<»neaD  by  various  observers ; 
and  wb^e  it  does  not  i^pear  it  is  most  probably  due  to  the  want  of  atteiiti<m 
to  its  presence,— or  to  the  excessive  multiplication  of  the  colouring  corpuscles, 
causing  them  to  af^ear  spread  boieath  the  envelopes  as  a  pretty  uniform 
layer.  A  d^nite  disposition  of  the  chlorc^jll-granules  is  common  in  plants, 
particukrly  among  ^e  lower  Algse,  and  owes  its  constancy  to  the  presence 
of  the  mucous  and  less  fluid  ccmtents,  which  are  condensed  from  the  sur- 
nnmding fluidin  the  form  of  filmy  threads,  and  serve  as  a  nidus  to  the  colour- 
ing particles.  In  this  disposition,  therefore,  oi  the  endochrome  and  its  cor- 
pofldes  we  perceive  a  vegetable  character,  as  contrasted  with  what  is  seen  in 
animal  cells,  and  find  in  it  an  additional  argument  for  the  vegetable  nature 
of  the  Diatomeae. 

Notwithstanding  that  the  ^[idochitMue  is,  by  i»retty  general  consent,  ho<> 
mdogous  with  that  of  recognized  vegetable  AJge,  still  it  would  seem  to  be 
of  a  differrait  chooiical  composition  as  well  as  of  another  colour.  Kiitsing, 
indeed,  insisted  on  the  fiact  of  the  similarity  of  the  endochrome  to  the 
gonimic  substance  of  Alge,  from  the  circumstance  that,  by  means  of  alcohol, 
he  was  able  to  extract  a  colouring  matter  similar  to  chlor(^hyll ;  yet  Eaben- 
horst  and  others  have  remariLcd  a  difference  in  chemical  nature.  Prof.  Smith 
again,  whilst  admitting  the  imperfection  of  our  knowledge  <m  this  point, 
goes  on  to  say  that  "  the  tincture  of  iodine  causes  the  internal  membrane  to 
contract  upon  the  cell-contents,  and  eonverts  these  from  the  golden  yellow 
whidi  th^  exhibit  in  some  species,  into  bright  green,  and  that  a  weak 
aohition  of  sulphuric  add,  while  it  effects  the  same  contraction  in  the  cell- 
wall,  gives  to  ihe  contents,  which  have  been  previously  treated  with  iodine, 
a  daik-brown  hne :  alcohol,  on  the  other  hand,  as  in  the  case  ci  vegetable 
eeOs  in  general,  dissolves  the  utride  and  its  contained  endodirome,  or  at  all 
events  entirely  removes  their  colour,  and  leaves  their  silidous  epiderm  in  a 
state  of  p^ect  transparency.  It  does  not,  however,  diasolve  the  envelope  in 
whidi  the  frnstnles  ii  the  frondose  forms  are  imbedded,  nor  the  filamentous 
atipea  or  gelatinous  cushions  to  which  other  q)ecies  are  attached.'' 

Meneghini  (op.  cU.  B.  8.  p.  365)  contends  that  the  identity  in  nature  of 
the  endoolmHne  of  Diatomeae  and  of  Alg»  is  not  proved.  ''  Its  edour  is  dif- 
ferent ;  and  it  is  differently  coloured  by  chemical  reagents.  The  resemblance 
to  it  in  some  instances,  as  in  Mdoiira,  in  regard  to  conformation  and  suc- 
eeaave  alterations,  is  (mly  in  appearance.  In  the  endochrome  of  Algae  the 
menogommic  sab^»nce  begins  by  presenting  a  granular  appearance ;  ^en  it 
beeoiues  distinctly  granulated  and  changes  into  the  polygonimic  substance, 
80  minutely  described  by  Kiitzing.  But  ^ese  changes  do  not  occur  in 
^  coloured  substance  of  Diatomeee.  If  we  insist  on  a  parallel,  we  can 
only  compare  it  to  the  cryptogonimic  substance  of  BysmcUa,  OdUiihamma, 
OrMthtia,  and  Polysiphoma.  It  divides  into  two  parts  which  successively 
luwergo  ulterior  division ;  and  in  r^^ard  to  these  changes  we  may  observe 
tiiat  tiiere  is  an  essential  distinction  between  those  that  occur  during  life  and 
those  that  take  place  after  death,  the  greater  number  happening  in  the  latter 
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condition The  identity  of  this  substance  with  endochrome  is  contradicted 

by  Kiitzing's  own  experiments^ which  prove  it  to  be  very  rich  in 

nitrogen :  it  emits  ammonia  copiously  when  decomposed  by  heat ;  and  this 
can  only  proceed  from  a  sabstance  abounding  with  it,  whidk  such  a  decom^ 
position  compels  it  to  yield  up.  Nor,  on  the  contrary,  do  I  believe  that  there 
is  any  weight  in  the  argument  from  the  solubility  of  its  colouring  principle 
in  alcohol ;  for  this  is  not  aproperty  peculiar  to  chlorophyll,  or  to  any  sub- 
stance of  vegetable  origin/' 

The  contents  of  the  frustules  are  brought  into  relation  with  the  surround- 
ing medium  through  certain  pores  or  fissures,  which  have  been  referred  to  as 
existing  here  and  there  along  the  sutures  between  the  opposed  valves,  or 
otherwise  between  the  valves  and  the  interposed  connecting  membrane.  The 
existence  of  such  openings  in  the  silicious  envelope,  and  the  consequent 
exposure  of  the  organic  internal  or  primordial  membrane  in  the  situations 
mentioned,  have  been  demonstrated  chiefly  by  the  researches  of  Prof.  Smithy 
who  applies  to  them  the  name  of  'foramina,*  They  are  thus  described  (op. 
eit,  i.  p.  15) : — "  Along  the  line  of  suture  in  disciform  or  circular  frustules, 
but  more  generally  at  the  extremities  of  the  valves  only,  when  the  Diatom  is 
of  an  oblong,  linear,  or  elongated  form,  there  exist  perforations  in  the  silex 
which  permit  the  surrounding  water  to  have  access  to  the  surfoce  of  the 
internal  cell-membrane.  The  formation  of  silex  seems  occasionally  to  be 
arrested  in  the  neighbourhood  of  these  spots ;  and  the  connecting  membrane 
is  in  consequence  either  wholly  or  partially  interrupted  at  such  places.  Thus, 
after  the  internal  cell-membrane  has  been  removed  by  acid,  when  it  often 
happens  that  the  valves  fedl  away  frx>m  the  connecting  membrane,  the  latter 
separates  into  two  parts ;  and  the  frustule  has  in  consequence  been  described 
as  consisting  of  four  plates.  The  interruptions  in  the  silicious  epiderm  are 
usually  apparent  as  sl^ht  depressions  at  the  extremities  of  the  frustule ;  and 
the  appearances  they  present  have  been  denominated  *  puncta'  by  Mr.  Ealfis. 
In  some  species  these  interruptions  are  more  numerous,  being  found  along 
the  entire  line  of  suture,  and  are  often  connected  with  minute  canals  hollowed 
out  between  the  silicious  epiderm  and  the  internal  cell-membrane,  and  ap- 
parently formed  by  waved  flexures  of  the  epidermal  envelope."  The  latter 
constitute  the  canalicuU  heretofore  spoken  of  (p.  45). 

Siebold  regarded  the  longitudinal  bands  having  a  double  outline,  and  ex- 
tending from  the  apparent  dots  or  pores  at  either  end  of  Navictdas  to  near  the 
centre,  to  be  fissures ;  but  the  account  previously  given  proves  this  able  man 
to  have  been  mistaken  on  this  point.  like  Prof.  Smith,  however,  he  eon-* 
eluded  that  the  internal  membrane  was  imperforate,  and  that  it  served  as 
the  medium  for  the  exosmosis  and  endosmosis  attending  the  frmction  of 
nutrition. 

MOVXMEKTS  OP  THE  BlATOXSA ; ^THEIR  CHARACTEK   AND  CAUSES ; ClLIA  ; 

CiRCULATioir  OP  CoiTTBirTB ; — ^Respiration. — The  peculiar  movements  noticed 
in  many  DiatomesB  have  attracted  the  observation  of  all  microscopiste,  and 
have  induced  many,  especially  among  the  older  observers,  to  receive  it  as 
evidence  of  their  animal  nature ;  but  even  those  who  agree  on  this  point 
are  in  no  better  accord  among  themselves  respecting  ite  cause  than  are  those 
who  refer  these  beings  te  the  vegeteble  kingdom. 

The  power  of  movement  is  not  confined  to  those  only  which  are  free,  but 
also  to  concatenate  and  to  some  fixed  forms,  e,  g,  Synedra,  which  move  on  their 
fixed  extremity.  There  la  considerable  diversity  both  in  the  manner  and  extent 
of  movement  of  different  species ;  but  in  none  is  it  exhibited  in  an  equal 
degree  to  that  seen  in  the  spores  of  AlgSD.  <<  The  motion,"  says  Prof.  Bnooth, 
'*  is  of  a  peculiar  kind,  being  generally  a  series  of  jerks  producing  a  rectilinear 
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morement  in  one  direction,  and  a  retom  upon  nearly  the  same  path,  after  a 
few  moments'  pause,  by  another  series  of  isochronal  impulsions.  The  move- 
ment  is  evidently  of  a  mechanical  nature,  produced  by  the  operation  of  a  force 
not  depending  upon  the  volition  of  the  living  organisms :  an  obstacle  in  the 
path  is  not  avoided,  but  pushed  aside ;  or,  if  it  be  sufficient  to  avert  the 
onward  course  of  the  frustule,  the  latter  is  detained  for  a  time  equal  to  that 
which  it  would  have  occupied  in  its  forward  progression,  and  Uien  retina 
from  the  impediment  as  if  it  had  accomplished  its  full  course.  There  is  cer- 
tainly no  character  of  animality  in  the  movement ;  and  the  observer,  fcmni^r 
with  the  phenomena  of  life  in  the  earlier  stages  of  vegetable  existence,  ia 
omstrained  to  see  a  counterpart  in  the  involuntary  motions  of  the  filaments 
of  the  Oscillatoriefle,  or  of  the  gemmiparous  spores  of  the  Fuci  and  Con- 
ferva.*' 

This  same  view  was  taken  by  Morren  in  1839  (op.  dQ,  who  says — **  The 
movement  of  the  Bacillaria,  however  free  it  may  be,  is  by  no  means  so  free 
and  active  as  that  of  the  spores  of  Alg»,  which  are  plants,  or,  at  least,  parts 
of  plants ;  and  the  motion  is  no  positive  ground  for  the  belief  in  their  ani- 
mality." 

The  cause  of  the  motion  of  the  Diatomes^  has  hitherto  not  been  satisfieusto- 
rily  determined.  To  the  hjrpothesiB  of  a  snail-like  expanding  foot  projecting 
from  the  central  pore  or  umbilicus,  advanced  by  Ehrenberg,  we  have  already 
alluded  (p.  41);  and  since  no  one  original  observer,  in  spite  of  the  best-directed 
efforts,  has  been  able  to  detect  the  remotest  evidence  of  such  an  organ,  and 
as  all  evidence  goes  to  show  that  no  actual  perforations  exist  at  tbe  point 
indicated  for  its  extrusion,  it  would  be  useless  to  raise  any  argument  upon  it 
This  distinguished  naturalist  subsequentiy  satisfied  himself  of  the  presence 
of  oth^  locomotive  organs  in  a  Navteula  {Surirella  gemmae  XII.  3, 4),  which 
he  has  thus  described : — ''  Instead  of  a  snail-like  expanding  foot,  long  delicate 
threads  projected,  where  the  ribs  or  transverse  markings  of  the  shell  joined 
the  ribless  lateral  portions,  and  which  the  creature  voluntarily  drew  in  or 
extended.  An  animalcule  ^th  of  a  line  long  ha^  24  for  every  two  plates, 
or  ninety-six  in  all ;  and  anteriorly,  at  its  broad  frontal  portion,  four  were 
visible.  Whether  these  organs  were  supernumerary,  and  existed  along  with 
eirrhiy  &c.,  and  with  the  flat  snail-like  foot  which  the  rest  of  the  Naviculce 
possess,  could  not  be  determined.  LongLtudinal  clefts  at  the  broad  side  of  the 
shell  were  not  present ;  but  as  many  as  96  lateral  openings  for  the  exit  of  the 
dirhi  were  periectiy  distinct'*  These  ciliary  processes  were  frirther  stated 
to  be  actively  vibratile,  and  to  be  retracted  or  extended  at  short  periods. 

Prof.  Smith  has  remarked  on  this  appearance,  that  the  presence  of  hairs 
i^yparently  on  all  parts  of  the  frustule  may  often  be  detected,  and  that  he  has 
noticed  them  on  nearly  every  occasion  on  which  he  has  gathered  this  species, 
but  in  no  case  has  he  been  able  to  perceive  any  motion  in  such  hairs ;  and  he 
therefore  concludes  that  they  are  merely  a  parasitic  growth,  such  as  the 
mycelium  of  some  Alge.  He  has  also  seen  similar  appendages  to  other  Bia- 
tomese,  but  in  every  case  devoid  of  motion. 

The  notion  of  exsertile  and  retractile  feet  has  been  renewed  by  M.  Focke 
(Canutes  lUndus,  1855,  p.  167),  who  attributes  the  movements  of  Navteula  to 
such  organs  of  a  temporary  kind,  which  he  says  pass  through  openings  he 
has  detected  on  the  sides  of  the  lorica. 

KageH  o£fered  the  following,  and,  to  Siebold's  mind,  satisfoctory,  explana- 
tion dl  the  forward  and  backward  movement,  as  well  of  many  BesmidieaB 
88  of  Diatomes  (Jl M.  8. 1853,  p.  195).  « The  cells,"  he  writes,  "have  no 
special  organs  for  these  movements.  But  as  in  consequence  of  tiieir  nutri- 
tive processes  they  both  take  in  and  give  out  fluid  matters,  the  cells  neces- 
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sarilj  move  when  the  attracticm  and  the  emission  of  the  fluids  is  nneqoally 
distribated  on  parts  of  the  soifJEwse,  and  is  so  active  as  to  overcome  the 
resistance  of  the  water.  This  motion,  consequently,  is  observed  more  particu- 
larly in  those  cells  which,  in  consequence  of  their  taper  form,  eaalj  pass 
through  the  water ;  these  cells,  moreover,  move  only  in  the  direction  of  tiieir 
long  axis.  K  one  half  of  a  spindle-shaped  or  ellipsoidal  cell  chiefly  or  en- 
tirely admits  material,  the  other  half,  on  the  contraiy,  giving  it  out,  the  cell 
moves  towards  the  side  where  the  admission  takes  place.  But  as  in  iiiese 
cells  both  halves  are  physiologically  and  morphologically  exactly  alike,  so  it 
is  that  it  is  first  the  one  and  then  the  other  half  which  admits  or  emits,  and 
consequently  the  cell  moves  sometimes  in  one,  at  other  times  in  the  opposite 
direction." 

In  our  apprehension,  this  mechanical  interpretation  of  the  phenomenon  is 
not  sufficient ;  the  alternate  reception  and  dischai^ge  of  fluid  matters  by  each 
opposite  half  requires  an  effort  of  imagination,  to  conceive,  unwarranted  by 
flmalogy.  We  shall,  however,  presently  see  that  Prof.  Smith  gives  the  pre- 
ference to  this  supposition,  amid  the  many  conflicting  fimcies  of  authors  and 
the  obscurity  of  the  question. 

Encouraged  by  apparent  success  in  discovering  cilia  on  the  fronds  of  Des- 
midiesa,  Mr.  Jabez  Hogg  searched  for  them  on  Diatomeee,  and  tells  us  {J,  M.S, 

1855,  p.  235)  that  he  has  repeatedly  satisfied  himself  that  their  motive  power 
is  derived  from  dlia  arranged  around  openings  at  either  end, — in  some  also 
around  the  central  openings,  which,  with  ti^ose  cilia  at  the  ends,  act  as 
paddles  or  propellers.  He,  moreover,  states  his  impressi(m  that  the  frustules 
have  a  degree  of  volition  sufficient  *'  to  move  along  and  to  steer  their  course ; 
for  intervals  of  rest  and  motion  are  most  clearly  to  be  distinguished.'^  To 
this  belief  in  dlia  on  the  frustules  of  Diatoms,  Mr.  Wenham  is  as  determined 
an  opponent  as  he  is  to  the  like  hypothesis  respecting  the  Desmidiese  {J,  M.  8. 

1856,  p.  159),  and  he  offers  the  following  speculations  on  the  cause  of  the 
movements : — "  If  caused  .by  the  action  of  dlia,  such  extremely  rapid  impulses 
would  be  required  to  propel  the  comparatively  large  body  through  the  water, 
that  surrounding  particles  would  be  jerked  away  far  and  wide ;  a  similar 
effect  would  be  observed  if  the  propulsion  were  caused  by  the  reaction  of  a  jet 
of  water,  which,  according  to  known  laws  of  hydrodynamics,  must  neces- 
sarily be  ejected  with  a  rapidity  suffident  to  indicate  the  e:dstence  of  the 
current  a  Icmg  distance  astern.  I  consider  that  there  is  no  ground  fcnr 
assuming  the  motions  of  the  BiatomaoesB  to  be  due  to  either  of  these  causes. 
They  are  uiged  forward  through  a  mass  of  sediment  without  displacing  any 
other  partides  than  those  they  immediately  come  in  contact  with,  and  quietly 
thrust  adde  heavy  obstades  directly  in  thdr  way,  with  a  dow  but  dedded 
mechanical  power,  apparently  only  to  be  obtained  from  an  abutment  against 
a  solid  body.  In  studying  the  motions  of  the  DiatomesB,  I  have  frequently 
seen  one  get  into  a  podtion  such  as  to  become  either  supported  or  jammed 
endways  between  two  obstades.  In  this  case,  partides  in  contact  with  ihe 
ddes  are  carried  up  and  down  from  the  extreme  ends  with  a  jerking  move- 
ment and  a  strange  tendency  to  adherence,  the  Diatom  seeming  unwilling 
to  part  with  the  captured  particle.  Under  these  circumstances  I  have  dis- 
tinctly percdved  the  undulating  movement  of  an  exterior  membrane ;  whether 
this  envelopes  the  whole  sur&ce  of  the  silidous  valves  I  am  not  able  to 
determine,  nor  do  I  know  if  the  existence  of  such  a  membrane  has  yet  been 
recognized.  The  movement  that  I  refer  to  occupied  the  place  at  the  junction 
of  the  two  valves,  and  is  caused  by  l^e  undulation  of  what  is  known  as  the 
^connecting  membrane.'  This  will  account  for  the  progresdve  motion  of 
l^e  Diatomeee,  which  is  performed  in  a  manner  analogous  to  that  of  the 
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Gasteiopoda.  The  primaiy  cause,  howerer,  is  difiereEnt^  and  not  doe  to  any 
property  of  animal  vitality^  but  ariaesy  in  my  opinion,  merely  from  the  effect* 
of  TegetaUe  eLrcnlation.  I  have  obeerred  sereral  corposdes  of  uniform  sixe 
travel  to  and  fro  apparently  within  the  membrane,  which  ia  thua  raised  in 
waves  by  Himi  passage."  Mr.  Wenham  follows  np  this  explanation  by  a 
eonjectore  with  respect  to  the  rarer  moTements  <^  the  Deniidie».  **A» 
ihae  are  in  these,"  he  writes,  "  no  indications  ci  either  external  orifices  or 
cQia,  may  not  their  locomotion  be  e£fected  by  the  currents  of  protoplasm 
forehig  their  way  between  the  primordial  utricle  and  outer  tunic,  which  will 
thus  be  raised  in  progresave  waves  if  the  uivestment  hi^>pens  to  be  ia  a 
smtaULy  elastic  oonditiaa."  (See  p.  5.) 

The  undulating  moTement  of  an  exterior  membrane  thus  indicated  by  Mr. 
Wenham,  over  the  snrfftce  of  Diatomaceous  frnstules,  is  doubtless  identical 
iriQk  the  current  dem<mstrated  by  Siebold  by  means  of  indigo  (/.  M,  8. 
i.  pp.  196, 197).  The  latter  states  that  the  partides  ci  this  colouring  matter 
which  come  in  contact  wi&  the  living  Navieula  are  set  into  a  quivering 
motion,  although  previously  quite  motionless ;  but  this  happens  only  along 
Ihe  lines  of  the  four  sutures,  the  particles  adherent  to  other  parts  of  the  shield 
remaining  motionless.  **  llie  indigo  particles,  which  are  propelled  from  the 
terminal  towards  the  two  central  eminences,  are  never  observed  to  pass 
beyond  the  latter :  at  this  point  there  is  always  a  quiet'space,  from  which 
^  particles  of  indigo  are  again  repelled  in  an  inverse  direction  towards  the 
extremities.  This  proves  that  the  linear  sutures,  as  may  in  foot  be  seen, 
do  not  extend  over  the  central  eminences  of  the  shield.  The  current  at  these 
defts  is  occasionally  so  strong,  that  proportionally  large  bodies  are  set  in 
motion  by  it."  The  sutures  and  clefts  alluded  to  by  Siebold,  it  should  be 
understood,  are  not  the  sutures  between  the  valves  and  connecting  membrane, 
but  the  evident  lines  extending  between  the  apparent  pores  <m  the  valves, 
and  which,  to  his  apprehension,  are  actual  fissures  in  the  siHdous  envelope, 
by  which  **  the  deHcate  primordial  membrane  which  lines  the  silicious  shield 
can  be  brought  into  dose  relation  with  ^e  external  world."  This  belief  in 
the  presence  of  such  fissures  on  the  valves  we  have  previoudy  examined  and 
shown  to  be  unfounded.  (See  p.  41.) 

Profl  Smith  has  the  following  remarks  on  this  debateable  point  of  the 
cause  of  the  motions  of  Biatomeffi  (op.  eit,  voL  i.  p.  xxiii) : — '^  Of  the  cause 
of  these  movements,  I  fear  I  can  give  but  a  very  imperfect  account.  It 
appears  certain  that  they  do  not  arise  from  any  external  organs  of  motion, 
llie  more  accurate  instroments  now  in  the  hands  of  the  observer  have  enabled 
him  confidently  to  affirm  that  all  statements  resting  upon  the  revelations  of 
more  imperfect  object-glasses,  which  have  assigned  motile  dlia,  or  feet,  to 
the  Diatomaceous  frustole,  have  been  founded  upon  illusion  and  mistake. 
Among  the  hundreds  of  spedes  which  I  have  examined  in  every  stage  of 
growth  and  phase  of  movement,  aided  by  glasses  which  have  never  been 
surpassed  for  deamess  and  definition,  I  have  never  been  able  to  detect  any 
semblance  of  a  motile  oi^an ;  nor  have  I,  by  colouring  the  fluid  witii 
carmine  or  indigo,  been  able  to  detect,  in  the  cdoored  particles  surrounding 
^be  Diatom,  those  rotatory  movements  which  indicate,  in  the  various  spedes 
of  true  infrisorial  animalcules,  the  presenoe  of  cilia.  I  am  constrained  to 
believe  that  the  movements  of  the  Diatomaces  are  owing  to  forces  operating 
within  the  frustule,  and  are  probably  connected  with  the  endosmotio  and 
exosmotic  action  of  the  cdL  The  fluids  which  are  concerned  in  these 
actimis  must  enter  and  be  emitted  through  the  minute  foramina  at  the 
extremities  of  fhe  silidoos  valves ;  and  it  may  easily  be  concdved  that  an 
exoeedinglj  small  quantity  of  water  expelled  tiirough  these  minute  aper^ 
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tores  would  be  sufficient  to  produce  movements  in  bodies  of  so  little  specific 
gravity. 

"  K  the  motion  be  produced  by  the  exoemose  taking  place  alternately  at  one 
and  the  other  extremity,  while  endosmose  is  proceeding  at  the  other,  an 
alternating  movement  would  be  the  result  in  frustules  of  a  linear  form, — 
while  in  others  of  an  elliptical  or  orbicular  outline,  in  which  foramina  exist 
along  the  entire  line  of  suture,  the  movements,  if  any,  must  be  irregular,  at 
slowly  lateral. 

"  Such  is  precisely  the  case.  The  backward  and  forward  movements  of 
the  NavicuUdB  have  been  already  described  ;  in  SurireUa  and  CampyhditCHS 
the  motion  never  proceeds  farther  than  a  lang^d  roll  from  one  side  to  the 
other ;  and  in  Oomphonemay  in  which  a  foramen,  fulfilling  the  nutritive  office, 
is  found  at  the  larger  extremity  only,  the  movement  is  a  hardly  perceptible 
advance  in  intermitted  jerks  in  the  direction  of  the  narrow  end.  The  subject 
is,  however,  one  involved  in  much  obscurity,  and  is  probably  destined  to 
remain,  for  some  time  to  come,  among  the  mysteries  of  Nature,  which  baffle 
while  they  excite  inquiry." 

The  last  clause  of  this  quotation  expresses  the  unsatisfactory  state  of  the 
question;  yet  the  foregoing  examination  will,  we  think,  leave  only  three 
hypotheses  deserving  fiirther  inquiiy :  viz.,  1.  the  existence  of  cilia,  or,  2.  of 
an  undulating  membrane ;  and  3.  the  operation  of  endosmose  and  exosmoee, 
as  a  mechanical  cause.  To  our  apprehension,  the  presence  of  cilia,  perhaps 
ranged  only  along  the  sutural  lines,  has  not  been  completely  disproved ;  and, 
on  the  other  hand,  considered  as  locomotive  oigans,  cilia  have  the  great 
advantage  of  analogy  over  the  presumed  undulatoiy  membrane.  Do  not, 
indeed,  the  experiments  with  indigo,  recounted  by  Siebold,  suggest  cilia  to 
be  the  active  agents  of  the  movements  recorded  ? 

The  rate  of  motion  of  the  DiatomesB  is  exceedingly  languid  and  slow; 
sometimes  it  amounts  to  no  more  than  an  oscillating  movement,  with  Uttle 
or  no  change  of  place  ;  and  at  another,  the  backward  and  forward  movements 
are  so  nearly  equal,  that  the  fhistule  makes  no  appreciable  advance.  Prof. 
Smith  has  measured  the  rate  of  motion  of  some  species,  and  remarks  that, 
however  vivacious  and  rapid  they  may  at  first  sight  seem,  yet,  when  con- 
sidered with  reference  to  the  high  magnifying  powers  employed,  and  the 
consequent  amplification  of  their  movements,  they  are  very  slow.  *^  I  have 
noted  the  movements  of  several  species  with  the  aid  of  an  eye-piece  micro- 
meter and  a  seconds  watch,  and  found  that  one  of  the  most  rapid,  viz.  Baeil^ 
laria  paradoxa,  moved  ov^  -^^  of  an  inch  in  a  second ;  Pinnxdaria  radiosa^ 
one  of  the  slowest,  over  ■  A  oth  of  an  inch  in  the  same  time ;  and  that  the 
same  period  was  occupiea  oy  Pinnularia  oblonga  in  traversing  a  o^)  o^  ^^  ^^ 
inch,  Nitzschia  linearis  -pVir*^  ^f  an  inch,  and  Pleurosigma  strigosum  ^Jiru^ 
of  an  inch.  Or,  expressing  the  spaces  and  times  by  other  units,  we  find  that 
the  most  active  required  somewhat  more  than  three  minutes  to  accomplish 
movements  whose  sum  would  make  one  inch,  and  the  slowest  nearly  an  hoar 
to  perform  the  same  feat." 

Before  quitting  the  subject  of  the  movements  of  the  Diatomese,  we  would 
briefly  advert  to  the  peculiar  motion  of  some  species,  especially  of  BaetUaria 
paradoxa.  The  movements  of  this  organism,  as  the  specific  name  implies, 
are  paradoxical,  or  very  strange  in  character.  Mr.  Thwaitee  essayed  to 
describe  what  indeed  can  be  rightly  apprehended  only  by  personal  ob- 
servation, in  the  following  words  {Proc,  of  Linn,  Soe,  i.  p.  311): — "When 
the  filaments  have  been  detached  from  the  plants  to  which  they  adhere,  a 
remarkable  motion  is  seen  to  commence  in  them.  The  first  indication  of  this 
consists  in  a  slight  movement  of  a  terminal  frustule,  which  begins  to  slide 
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kaicthwiae  over  its  oontigaoiis  frustole ;  the  second  acts  sunultaneously  in  a 
anukr  manner  with  re^ird  to  ^e  third,  and  so  on  throughoat  the  whole 
filamenty — the  same  action  haviog  been  goiDg  on  at  the  same  time  at  both 
ends  of  the  filament,  bat  in  opposite  directions.  The  central  frustule  thus 
appean  to  remain  stationary,  or  nearly  so, — ^while  each  of  the  others  has 
nored  with  a  rapidily  increasing  with  its  distance  from  the  centre,  its  own 
ute  of  moYCTnent  having  been  increased  by  the  addition  of  that  of  ike  inde- 
pndoit  movement  of  each  £rastale  between  it  and  the  coitral  one.  This 
ktoEBl  eUmgatian  of  the  filament  oontinaes  nntil  the  point  of  contact  between 
the  contigoous  frostoles  is  rednced  to  a  very  small  portion  of  their  length, 
when  the  filament  is  again  contracted  by  the  frostoles  sliding  back  again  as 
it  were  over  each  other ;  and  this  changed  direction  of  movement  proceeding, 
tike  filament  is  again  drawn  out  nntil  the  firustoles  are  again  only  slightly  in 
eootaet  The  direction  of  the  movement  is  then  again  reversed,  and  con- 
tianes  to  alternate  in  opposite  directions,  the  time  occupied  in  passing  from 
the  doDgation  in.  one  direction  to  the  opposite  being  generally  about  45 
secondB.  If  a  filament  while  in  motion  be  forcibly  <Hvided,  the  uninjured 
frnstnlee  of  each  portion  continue  to  move  as  before,  proving  tiiat  the  filament 
is  a  compound  structure,  notwithstanding  that  its  frustules  move  in  unison. 
When  the  filament  is  elongated  to  its  utmost  extent,  it  is  extremely  rigid,  and 
raqioirBB  some  comparatively  considerable  f6rce  to  bend  it,  the  whole  filament 
nofing  out  of  the  way  of  any  obstacle  rather  than  bending  or  separating  at  the 
jomtB.    A  higher  temperature  increases  the  rapidity  of  ti^e  movement." 

To  this  aeoofont  Prof.  Smith  appends  these  observations : — <<  The  motion 
here  80  aoeurately  deecribed  is  not  essentialLy  different  frx>m  that  noticeable 
in  many  of  the  free  species  of  Diatomeee,  the  pecuHaiity  being  that  it  is 
here  exhibited  in  numeroos  united  frustules ;  when  observed  in  a  band  of 
one  hondred  or  more  frostoles,  the  singnlar  appearances  assomed  by  the 
filament  under  the  action  of  so  many  individuals  moving  at  one  time  in 
i^parent  concert,  and  another  in  opposition,  never  £eu1  to  excite  astonish- 


Mr.  Thwaites's  account  conveys  the  impression  that  the  movements  are 
always  r^golar :  but  this  ia  not  the  case ;  for  Mr.  Balfs  tells  us,  by  letter, 
tiiat  boUi  Dr.  Bailey  and  himself  have  convinced  themselves  that  they  are 
at  many  times  irregular. 

Br.  Donkin,  in  Us  description  of  a  new  species  of  BaeiUaria  he  names  B. 
€mrmna  {J,  M.  8. 1858,  p.  27),  has  the  following  account  of  its  singular  move- 
Bents: — **  When  the  filament  is  in  a  quiescent  stote,  the  frostoles  are  all  drawn 
iq>  aide  by  side,  their  extremities  being  all  in  a  line,  thos  forming  a  group. 
When  a  filament  previously  at  rest  resomes  its  activity,  the  movement)  is 
coamienoed  by  the  second  or  inner  frostole  at  one  end  of  the  filament  gliding 
ionmd  along  the  contigooos  sorfoce  of  ihejirst  or  otUer  frostole  ontH  their 
apposite  extremities  overlap  each  other.  This  is  soon  followed  by  a  similar 
■ovement  of  tiie  third,  fourth,  and  fifth,  &c.,  all  moving  forward  in  the  same 
£ieetion,  and  each  frustole  gliding  along  the  surfieu^e  of  the  one  preceding  it, 
satil  they  have  extended  themselves  into  a  lengthened  filament  or  chain.  In 
the  oourae  of  two  or  three  seconds  after  this  has  been  accomplished,  a  retro^rnuitf 
Boveoient,  exactly  of  the  same  character,  b^pms  to  take  place,  and  continues 
utQ  the  filament  has  retraced  its  course,  and  stretched  itself  out  in  a  direction 
snetly  opposite  to  the  positicm  it  had  previously  occupied.  This  phenomenon 
is  repeated  again  and  again ;  and  in  iina  manner  the  whole  group  is  kept  in 
a  itate  of  activity  for  an  indefinite  period  of  time ;  and  all  the  while,  if  no 
impediment  produces  irregolarity,  the  outer  or  terminal  frushde,  next  to 
vlueh  tiie  movement  ccmunoiced,  maintains  a  stationary  and  Jixed  position^ 
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''  The  rapidity  with  which  each  individual  frostule  moves  is  in  direct  ratio 
to  its  distance  from  the  terminal  staHonary  frustole,  heing  most  rapid  at  the 
opposite  or  moving  extremity  of  the  filament.  On  this  account,  most  of  the 
frastules,  while  the  filament  is  moving  to  and  fi:o,  cross  a  line  drawn  at  right 
angles  to  the  middle  of  the  long  axis  of  the  stationary  frustule,  at  the  same 
instant  of  time,  afterwards  shooting  past  each  other  like  horses  on  a  race- 
course. 

"  The  force  with  which  the  filament  moves  is  very  great,  so  much  so  that 
I  have  observed  it  upset  and  shove  aside  a  lai^  frustule  of  A,  arenaria,  n. 
sp.,  at  least  six  times  its  own  bulk,  obstructing  its  path.  This  force  is,  in  a 
great  measure,  due  to  the  rapidity  with  which  the  frnstules  move, — ^the  time 
which  a  filament,  even  of  considerable  length,  occupies  in  crossing  the  field 
of  the  microscope  being  only  a  few  seconds. 

*'  light  appears  to  be  a  necessary  stimulus  for  the  maintenance  of  this 
motion.  liVlien  a  filament  in  active  motion  is  placed  in  the  dark  for  a  short 
period,  and  then  examined,  the  movement  is  seen  to  have  oeased,  but  again 
commences  when  the  filament  is  exposed  to  the  light  for  a  short  time.  Is 
not  this  singular  movement,  with  which  the  present  species  is  endowed,  a 
vital  phenomenon,  and  independent  of  physical  causes  for  its  existence  ? 

**  When  the  moving  extremity  becomes  entangled  in  any  kind  of  substance 
intercepting  its  course,  the  opposite  or  stationary  extremity  commences  to 
move,  and  continues  to  do  so  until  the  entangled  extremity  is  set  free; 
sometimes,  in  such  instances,  a  frustule  in  the  centre  remains  fixed,  a  move- 
ment of  each  half  of  the  filament  in  opposite  directions,  on  either  side  of  it, 
taking  place.  But  all  these  irregularities  cease  as  soon  as  the  impediment 
has  been  got  rid  of. 

**  These  fiicts  lead  to  the  conclusion  that  the  present  species  is  a  true  B<mI^ 
laria,  although  apparently  somewhat  anomalous  in  the  structure  of  its  frustule. 
The  gliding  movement  of  one  frustule  over  the  contiguous  one  is  the  same  as 
IS  observed  in  B,  paradoxa ;  but  it  differs  from  this  latter  species  in  this 
essential  particular,  that  the  whoU  of  its  filament  moves  on  one  side  of  a 
terminal  frustule  which  is  stationary, — ^while,  iii  B.  paradoxa,  each  half  of  the 
filament  moves  in  opposite  directions  on  eitli^  side  of  a  central  stationary 
frustule." 

The  movement  of  one  segment  upon  another  is  witnessed  in  other  con- 
catenate species,  but  in  a  less  degree,  where  the  medium  of  attachment  is 
limited  to  a  small  space,  as  in  those  several  genera  having  the  alternate  or 
opposite  angles  of  their  frustules  connected  by  a  link-l^e  isthmus,  e,  g, 
Diatoma,  Fragilaria,  Orammatophora,  &c. 

NtTTRinvB  FxmcnoKs; — Supposed  Stomachs; — Ciecxtlatioit of  CoinaWTs; — 
BsspiBATioK. — ^The  nutrition  of  Diatomeie  is  provided  fbr  primarily  by  the 
raidosmotiG  and  exosmotic  action  going  cm  through  the  ^foramina'  in  the 
silidous  efdderm,  wh^i^by  fluid  material  laden  with  the  matters  necessary 
to  build  up  the  various  dements  of  the  endochrome  is  introduced  into  the 
Qi^anisms. 

On  the  first  appearance  of  a  frustule,  the  endochrome  is  homogeneous  and 
granular ;  but  as  time  advances,  granules  are  seen  to  congregate  in  certain 
parts,  and  globules  or  vesicles  of  various  sice  speedily  develope  themselves^ 
and  either  take  up  definite  positions  or  are  irregularly  difiiised.  During 
these  changes  in  the  contents — during,  indeed,  ti^e  entire  Ufe  of  the  oell^ 
under  the  iofluence  of  Ught,  oxygen  is  given  off,  and  the  gases  with  which 
it  was  united  in  various  chemical  cbtepounds  are  appropriated  to  the  purposes 
of  the  economy. 

The  very  fact  of  the  existence  of  the  silidous  epiderm,  thrown  off,  it  would 
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f  as  an  excretion  from  the  organic  membrane  of  the  frustoles,  indicates 
the  aetivity  and  energy  of  the  nutritive  functions, — a  fJEUst  further  demonstrated 
\j  ibe  production  of  the  *  connecting  membrane/  and,  in  short,  by  the  whole 
pioeeas  of  reprodactiony  whether  by  self-division  or  by  sporangia.  The  silica 
present  in  the  lorica  must  be  taken  up  by  the  organism  in  a  state  of  sohi* 
tion ;  and  although  the  quantity  of  iB^ea  dissolved  in  water  is  inconceivably 
■nail,  it  is  nevertheless  sufficient  to  supply  the  material  for  the  construction 
of  BulEons  of  Diatomaoeous  shells,  even  in  a  short  time,  as  the  phenomena 
of  rqnodnction  and  the  rapid  appearance  of  these  structures  as  an  appre- 
ciate powder,  or  as  a  colouring  matter  in  water,  prove.  *'  It  is  probable,''  saya 
Br.  Gregory  (J.  M.  8. 1855,  p.  2),  '<  that  as  fast  as  i^e  silex  is  extracted  from 
the  water  by  them,  it  is  dissolved  from  the  rocks  or  earths  in  contact  with 
tiie  water,  so  that  the  supply  never  fiulls ;"  and  we  may  add,  so  that  the 
quantity  never  accumulates  bc^nd  the  very  minute  fractional  portion  chemists 
eandetoet. 

Ehrenberg's  untenable  hypothesis  of  the  presence  of  stomach-sacs  and  of  an 
•hmentaiy  canal  opening  externally  has  received  sufficient  attention  in  the 
histoiy  already  given  (pp.  47, 48),  of  the  nature  of  the  contents  of  the  DiatomeaB 
and  of  their  investing  lorica.  Were  other  considerations  needed,  tha  absence 
at  times  of  any  such  vesides  as  Ehrenbeig  conceived  to  be  gastric  cells,  their 
offasMPal  coalescence,  and  the  phenomenon  of  cydosis  or  the  circulation  of 
tibe  contents,  each  and  all  subjects  of  direct  observation,  might  be  appealed 
to  as  pioofe  of  the  errors  that  great  naturalist  fell  into  respecting  the  internal 
ofganitatuxi  of  the  IHatomesB. 

Hie  ^lenomenon  of  cydosis  has  been  observed  by  Nageli  in  a  spedes  of 
Nmrieula,  and  in  one  of  OaOiandla  {Mdonra)  (XY .  27),  and  l^  Prof.  Smith 
in  otiier  Diatoms.  Hiis  writer  says  (op.  cU.  i.  p.  xxi) — <'  In  Surirella  biseriata 
this  motion  has  been  more  eqiemlly  apparent ;  but  I  have  also  observed  it 
take  place  in  NiizkhUi  sealaris  and  Oampylodiscua  sealaris.  This  circulation 
has  not,  however,  the  regularity  of  movement  so  conspicuous  in  the  Des- 
nddiee,  and  is  of  too  amlnguous  a  character  to  fdmish  data  for  any  veiy  certain 
cimdaAtmBy  save  one,  vix.  that  the  Diatom  must  be  a  single  cell,  and  cannot 
entain  a  number  of  separate  organs,  such  as  have  been  alleged  to  occupy  its 
iatoiinr, — since  the  endochrome  moves  freely  from  one  portion  of  the  frustule 
to  tiie  other,  appioadiing  and  receding  from  the  central  nucleus  unimpeded 
by  any  intervening  obstade." 

Sdniltie,  in  his  oontribution  on  the  movements  within  the  frustules  of 
DiatomesB  {MiSl.  Arehiv,  1858),  represents  them  to  occur  in  and  alcmg  the 
findy  granular  threads  into  wluch  the  less  fluid  mucilaginous  portion  of  the 
cndodurame  is  drawn  out.  He  compares  the  movements  in  diaracter  to 
those  of  the  'variable  processes'  or  psendopoda  of  Khizopodes,  and  thereby 
iwiwilatffl  l^e  mucilaginous  films  of  Diatomaoeous  frustules  with  the  soft 
suoode  of  those  simplest  animalcules, — a  similarity  countenanced  by  the  now 
wdl-kaown  tact  of  an  Amoebiform  phase  in  the  cyde  of  development  of  some 
of  the  lower  Alg»  (yids  section  on  Phytozoa).  The  cydosis  in  plant-cells  is 
no  doubt  rightly  attributed  to  the  operation  of  the  vitid  processes  of  nutrition 
nd  of  the  so4»lled  respiration,  and  primarily  to  the  chemico-vital  action 
jii#MMMiii>g  by  the  medium  of  the  chlorophyll-globules ;  and  it  seems  most  con- 
SQMBt  with  the  teachings  of  sdence  to  assign  the  less  active  and  less  complete 
tad  regular  internal  movements  of  the  Diatomes  also  to  the  similar  vital 
fofees, — the  edoured  corpusdes,  it  may  be,  acting  here  likewise  as  the  prime 
\  We  are  aware  that  the  nudeus  has  be^  represented  to  be  the  first 
I  of  the  movements  in  plant-ceUs,  since  the  current  seems  to  flow  from 
I  to  Ktom  to  it  in  many^ases;  but  this  phenomenon  is  explicable  in 
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another  way^  bj  admitting  the  dispoaition  of  the  mucous  threads  as  displayed 
by  Schultze,  extending  as  they  do  from  the  nucleus  on  all  sides,  and  serving 
at  the  same  time  to  limit  and  to  direct  the  movements  taking  place  within 
and  by  them.  We  have  not  adverted  to  ciliaiy  action  as  the  cause,  for ;  so 
fSar  as  we  can  gather,  Mr.  Osborne  and  Mr.  Jabez  Hogg  have  failed  to  impress 
many  naturalists  with  the  fkct  of  its  existence  and  operation  in  Diatoms. 

Lastiy,  Schultze  remarks  that,  to  see  the  mucilaginous  threads  and  the 
internal  movements,  living  and  ireali  specimens  are  needed ;  for  they  are  soon 
arrested  when  the  frustules  are  removed  from  their  natural  habitats,  and  are 
quite  lost  to  vision  when  they  become  dry.  Hence  it  is,  no  doubt,  that  no 
previous  observer  has  detected  and  rightiy  apprehended  the  facts  enunciated 
by  Schultre. 

The  so-called  function  of  respiration  is  evinced  in  the  fixing  of  the  carbon 
of  the  carbonic  add  and  in  tiie  disengagement  of  oxygen  gas ;  but  this  is 
rather  an  act  of  nutrition,  and  resembles  that  silent  and  invisible  disengage- 
ment of  certain  particles,  and  the  rearrangement  of  others,  which  proceed  in 
the  formation  and  in  the  removal  of  worn-out  tissues  in  higher  animals. 

MuLTiPLiCATioir,  BAPBonvcnoir,  ajstd  Developmekt  of  DiaiomEuS. — ^Among 
the  modes  of  reproduction  of  the  DiatomesB,  self-division  has  usually  been 
accounted  one,  but  erroneously  so,  since  this  process  is  no  more  than  a  mul- 
tiplication of  an  individual  cell,  and  completely  homologous  with  the  process 
of  cell-fission  exhibited  in  the  construction  of  animal  and  vegetable  tissues 
in  general.  The  peculiarity  in  the  self-division  of  the  Diatomese,  t.  e.  among 
the  free  simple  beings,  is,  that  the  division  is  followed  by  separation ;  for 
each  cell,  instead  of  uniting  with  its  neighbours  in  the  formation  of  a  tissue, 
commences  an  independent  existence.  Self-division  in  one  direction,  not 
followed  by  separation,  produces  the  filamentary  or  concatenated  DiatomesB, 
whilst  the  abundant  excretion  of  a  mucus  around  the  dividing  frustules,  and 
its  persistence,  give  rise  to  the  frx>ndose  genera,  which  make  an  approach 
towards  the  character  of  vegetable  cellular  tissue, — each  cell,  however,  retain- 
ing an  independent  vitality  greatiy  more  pronounced  than  in  the  latter. 

The  process  of  self-fission  or  deduplication  in  this  fSomily  resembles  in  all 
essential  particulars  that  in  other  vegetable  cells  (XY .  28,  a,  6,  c).  Preparatory 
to  its  visible  occurrence,  or  rather  simultaneously  with  certain  changes  in  the 
interior,  the  valves  separate  by  the  progressive  growth  of  the  connecting 
membrane.  The  nucleus  within  is  observed  to  divide  into  two  portions,  each 
of  which  eventually  becomes  detached  from  the  other,  and,  in  Prof.  Owen's 
language,  serves  as  a  centre  of  spermatic  force,  and  induces  an  aggregation 
of  the  granules  of  the  endochrome  about  it.  Whilst  this  separation  cf  the 
nucleus  and  of  the  general  contents  is  going  forward,  the  lining  or  primordial 
membrane  of  the  cell  becomes  doubl^  inwards  in  the  entire  drcumferenoe 
along  the  line  of  division,  and  advances  gradually  until  it  at  length  forms  a 
complete  septum,  cutting  the  original  single  cell  into  two.  This  septum  is 
actually  double ;  and  in  each  lamina  a  deposit  of  silicious  material  speedily 
proceeds,  so  as  to  produce  two  new  valves,  each  opposed  to,  and  immediately 
continuous  around  its  circumference  with,  one  of  the  two  original  valves. 
Thus,  on  the  completion  of  this  process  of  deduplication,  two  frustules  result, 
awaiting  only  the  final  act  of  separation  to  enter  on  an  independent  exist- 
ence and  to  repeat  the  like  series  of  phenomena,  and  so  on  through  a 
seemingly  almost  endless  chain,  to  perpetuate  the  existence  of  the  particular 
species  or  individual.  (See  Meneghini's  account  of  the  process  and  pecuUaii- 
ties  of  self-division  in  this  class,  in  the  examination  of  the  arguments  for  the 
animality  of  the  Diatomaccss,  in  a  subsequent  page.)  The  true  nature,  there- 
fore, of  this  process  of  self-division  being  an  extension,  not  a  renewal,  of 
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inMual  life,  lias  been  justly  represented  by  Mr.  Thwaites  as  an  act  of 
gorunaticHi,  not  of  reproduction. 

In  the  course  of  self-division,  in  some  instances  at  least,  a  mucous  or 
BQoo-gelatmous  matter  is  thrown  out  around  the  frnstules  engaged.  This 
aremstaiice  did  not  escape  the  notice  of  Nageli ;  and  Prof.  Smith  (Synopgis, 
L  p.  62)  haSy  after  noting  it  in  previous  pages  as*a  common  phenomenon  in  the 
&mly,  thus  referred  to  it  in  the  genus  PUunmgma : — ''  While  self-division 
is  aedvely  going  forward,  the  mucus  generated  by  the  dividing  frustules  is 
often  so  conAderable  as  to  produce  the  appearance  and  effect  of  a  distinct 
frond,  which  assumes  the  form  of  a  thin  pellicle  of  some  little  tenacity.  At 
other  Umes,  when  the  mucous  secretion  does  not  assume  the  continuity  of  a 
pelMe,  it  invests  the  individual  frustule  with  a  transparent  envelope,  which 
has  the  appearance  of  an  exterior  membrane,  and  has  been  sometimes  mis- 
taken for  mich.  On  one  occasion  I  also  met  with  the  frustules  of  P.  Hippo- 
campuM  enclosed  in  mucous  or  gelatinous  tubes,  precisely  like  those  of  a 
(kXleUmema ;  but  these  conditions  must  be  regarded,  for  the  present  at  least, 
as  temporary  or  accidental,  and  cannot  be  admitted  into  the  specific  or  generic 
descriptions.'' 

The  process  of  self-division  is  affected  ui  some  unimportant  particulars  by 
the  figure  and  habits  of  certain  genera.  Thus  ui  one  section  of  the  Melosirece, 
the  frostules  of  which  have  convex  ends,  Mr.  Ealfs  points  out  {A.  H.  H. 
ziL  p.  d47)  that  the  central  line  is  more  strongly  marked,  and  seems  to 
divide  the  frustule  into  two  equal  portions.  It  becomes  broader,  and  at  length 
doable,  and  ultimately  an  intermediate  growth  separates  the  two  halves  of 
the  frustule,  which,  during  this  process,  do  not  increase  in  size ;  but  when 
the  intermediate  space  is  equal  to  the  diameter  of  the  original  frustule,  two 
new  frnstules  are  formed,  by  the  addition  of  two  hemispheres  on  the  inner 
aides  of  the  separated  portions.  The  outer  silidous  covering  stiU  remaining, 
the  fhistules  are  connected  in  pairs,  and  appear  like  two  globules  within  a 
joint,  as  they  are  characterized  by  Harvey  ui  Melosira  nummuloides,  and  by 
Gazmichael  in  M,  globifera.  The  above  description  belongs  more  particularly 
to  Jf.  mtmmuloides ;  but  the  process  in  the  other  species  of  this  section  ib  the 
amBOB :  a  series  of  changes,  nearly  similar,  occurs  in  lithnUa, 

**  In  this  genus,"  the  author  quoted  says, ''  the  mode  of  growth  is  very 
eozioas.  As  in  most  of  the  BiatomesB,  the  plant  increases  by  a  division  <^ 
the  frnstules ;  but  in  this  genus,  as  also  ui  BiddulpTda  and  AmphiUtroi 
(and  in  the  AJehnaniheas),  two  new  frnstules  are  formed  within  the  old  one, 
and  as  they  enlarge,  rupture  it,  when  it  Mis  off.  In  these  the  front  portion 
is  at  first  very  narrow,  and  merely  a  broad  line,  but  it  increases  greatly  in 
breadth  untQ  the  new  frnstules  are  ftdly  formed."  In  this  description  and 
explanation  the  widening  band  or  front  portion  mentioned  is  in  fact  the 
*  connecting  membrane '  of  Prof.  Smith,  which,  in  the  genera  named,  has 
an  extra  development,  **  an  extension  beyond  the  sutures  of  the  valves,"  and 
also  an  nnusual  persistence,  retaining  the  two  frnstules  together  after  self- 
dmsion,  in  such  a  manner  that  they  seem  to  be  enclosed  within  an  original 
rag^  frustule,  just  as  Mr.  Balfs  describes. 

This  Imiger  persistence  of  the  connecting  membrane  has  been  noted  by 
Frot  Bmith  (A,  N.  H.  1851,  p.  4),  who  writes — "In  some  cases,  by  the 
aew,  or  rather  semi-new  frnstules  proceeding  immediately  to  repeat  the 
pnicess  [of  self-division],  the  connecting  membrane  is  thrown  off  and  disap- 
pears ;  in  others  it  remains  for  some  time,  linking  the  frnstules  in  pairs,  as 
in  Mdomra  and  OdonUOar 

Another  peculiarity,  again,  not  imfrequently  obtains  in  this  process  of  self- 
vix.  a  departure  from  the  prevailing  law  of  similari^  which  exists 
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between  the  new  valve  and  the  parent  one  with  which  it  is  united  in  the 
newly-created  frustole.  The  newly-developed  segment  occasionally  acquires 
slightily  greater  dimensions, — a  fact  best  exhibited  in  the  filamentous  genera, 
since  in  them  it  gives  rise  to  an  evident  irregularity  in  the  chain,  affecting  its 
width.  Yet,  as  Prof.  Smith  remarks  (i.  p.  xxvi),  <<  This  increase  is  so  small, 
that  in  a  filament  of  many  hundred  frustules,  the  enlargement  is  scarcely 
appreciable.  The  rapid  attenuation  represented  by  some  authors  in  the 
filaments  of  the  FragtlaruE  must  therefore  be  attributed  to  the  deceptive 
appearance  presented  by  a  compressed  band  when  slightly  twisted,  the  sem- 
bknoe  of  attenuation  being  thus  given  to  the  portions  which  are  presented 

in  an  oblique  direction  to  the  eye  of  the  observer Starting  &om  a  singie 

frustule,  it  will  be  at  once  apparent,  that  if  its  valves  remain  unaltered  in 
size,  while  the  cell-membrane  experiences  repeated  self-division,  we  shall 
have  two  frustules  constantly  retaining  their  original  dimensions,  four  slightly 
increased,  eight  somewhat  larger,  and  so  on  in  a  geometrical  ratio,  which 
will  soon  present  us  with  an  innumerable  multitude  containing  individuals  in 
every  stage,  but  in  which  the  larger  sizes  preponderate  over  the  smaller ;  and 
such  are  the  circumstances  ordinarily  found  to  attend  the  presence  of  large 
numbers  of  these  organisms." 

Mr.  Ealfs  has  favoured  us  with  the  following  remarks  on  this  subject  in 
letters.  He  writes  (March  1866) — "  In  a  recent  number  of  the  Ann,  Nat, 
Hist.,  Mr.  Carter  expresses  his  belief  that  the  frustules  of  Diatomace»  gra- 
dually become  smaller  by  division,  and  that  it  requires  the  sporangial  frustule 
from  time  to  time  to  keep  them  the  proper  size.  This  I  cannot  admit ;  for 
any  person  who  will  take  the  trouble  to  watch  a  species  of  Oomplionema 
from  its  first  appearance  in  spring,  as  a  scarcely  visible  fringe  to  aquatic 
plants,  will  observe  not  only  increase  of  mass,  but  also  enlargement  of  the 
frnstules.  If  Mr.  Carter  is  right,  the  filament  in  FragUaria  would  be  very 
unequal :  for  instance,  as  the  first-formed  frustule  could  not  decrease,  and  as 
its  segments  after  division  would  always  form  the  two  ends  of  the  filamfflit, 
they  &ould  be  the  largest,  then  the  adjacent  valves  of  the  two  central  frustules 
of  the  filament  the  next  largest,  and  so  on."  In  a  subsequent  letter  the 
same  distinguished  authority  writes: — "I  see  that  Prof.  Smith,  in  his 
Synopsis,  p.  xxvi,  takes  the  contrary  view  to  Mr.  Carter,  and  considers  tiiat 
the  frustules  do  not  grow  after  they  are  frdly  formed,  but  that,  in  dividing, 
the  new  frustules  may  slightly  increase  in  size.  It  ia  thus  that  he  accounts 
*'  for  the  varying  breadth  of  the  bands  in  the  filamentous  species,  and  Hie 
diversity  of  size  in  the  frustules  of  the  free  forms."  If  he  is  correct,  his 
opinion  is  still  more  adverse  to  Mr.  Carter's  views  respecting  the  frustules 
formed  after  self-division.  But  I  doubt  also  the  correctness  of  Mr.  Smith's 
views.  He  himself  states  that  "  the  enlargement  is  scarcely  appreciable ;" 
and  yet  we  find  a  vast  difference  of  size  in  ^e  frustules  of  the  same  gather- 
ing. The  filaments  are  so  fragile  in  FragUaria,  and  even  in  ffimantidium, 
that  it  is  very  difficult  to  determine  whether  the  frustules  in  the  same  fila^- 
ment  do  differ  much  in  size,  and  whether,  if  they  do,  the  variations  are  alter- 
nating or  irregular,  as  would  be  the  case  if  either  Prof.  Smith  or  Mr.  Carter 
be  correct. 

The  rate  of  production  of  specimens  of  Diatomeae,  even  by  this  one  pro- 
cess of  simple  self-division,  is  something  really  extraordinaiy.  So  soon  as 
a  fhistule  is  divided  into  two,  each  of  the  ktter  at  once  proceeds  with 
the  act  of  self-division;  so  that,  to  use  Prof.  Smith's  approximative  cal- 
culation of  the  possible  rapidity  of  multiplication,  supposing  the  process 
to  occupy,  in  any  single  instance,  twenty-four  hours,  "  we  should  have,  as 
the  progeny  of  a  single  frustule,  the  amazing  number  of  one  thousand 
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miDioiiB  in  a  single  month, — a  drcnmstanoe  which  will  in  some  degree  ez]dain 
the  snddraL,  or  at  least  rapid  appearance  of  vast  numbers  of  these  organisms 
in  loealities  where  they  were,  but  a  short  time  previously,  either  unrecognixed 
or  only  sparingly  diffdsed." 

This  imiltipUcaiion  by  self-division  now  described,  is  generally  supposed, 
after  a  time,  so  to  speak,  to  exhaust  itself,  and  thereby  to  rendo'  necessary 
other  plans  of  pn^wgating  species.  That  some  other  modes  do  really  exist 
is  suggested  by  the  &ct  of  the  considerable  variations  of  sixe  of  frostules  <^ 
the  same  species  obtained  at  one  time  from  the  same  locality,  and  moreover 
by  diversities  in  the  relative  distance  and  in  the  ddicacy  of  the  strisB  of  the 
sorface.  One  such  mode  of  propagation  Mr.  Thwaites  has  demonstrated  to 
consist  in  the  production  of  sporangial  frustules  by  a  process  of  conjugaticm 
analogous  to  that  in  the  Besmidie®  and  many  other  Alg». 

GojrjuGATioF. — ^The  method  of  ear^ugationf  although  essentially  alike  in  all 
cases,  exhibits  several  important  modifications  in  the  genera  of  this  family. 
These  were  more  or  lees  clearly  perceived  by  ICr.  Thwaites,  who  spoke  of  them 
as  exceptional  varieties ;  but  to  Mr.  &nith  belongs  the  credit  of  reducing  all 
of  them  under  four  principal  forms:  viz.,  1.  That  in  which  two  parent  frustules 
prodnee  two  sporangia  by conjugaticm,as  mEpUkemiafCoceoncmayQompJumemaf 
Eneyowma,  and  CoU^tonema.  2.  Two  parent  frustules  generate  a  smgle  spo- 
rangium, e.  g.  in  Bimaniidium,  3.  '^  The  valves  (voL  ii.  p.  zii)  <^  a  single 
froBtnle  separate,  the  contents  set  free  rapidly  increase  in  bulk,  and  finally 
become  condensed  into  a  single  qwrangium.  This  may  be  seen  in  CoceoneUf 
CydoteUa,  Melosira,  Orthodra,  and  Schizonema, 

**  In  MeUmra  fmmmuloidet,  M.  Borrerii,  and  M.  ittbfleanlis,  the  second  valve 
of  the  conjugating  frustnle  is  rarely  found  united  to  the  mucus  surrounding 
the  sporangium,  the  conjugation  talong  place  only  in  the  last  frvstule  of  the 
filament ;  but  in  Mdonra  varians  and  Orthoiira  oruikaleeay  conjugation  taking 
pLice  throu^out  the  entire  filament,  both  valves  are  usually  found  adherent 
to  the  sporangium  or  its  surrounding  mucus. 

"  From  a  ^ngle  frastule,  as  in  the  last  method,  two  sporangia  are  produced 
in  the  process  of  conjugation :  this  takes  place  in  Achna/wUua  and  Ehahdonema,^* 

In  describing  the  process  as  generally  as  possible,  we  cannot  do  better  than 
.follow  !Mr.  Thwaites's  account,  although  it  is  illustrated  by  an  example  taken 
from  the  first  cat^ory  of  variations.  'Tor  the  most  part,"  he  teDs  us, 
''  conjugation  in  the  Diatomeae,  as  in  the  DesmidiesB,  consists  in  the  union 
d  the  endodirome  of  two  approximated  fronds, — ^this  mixed  endochrome 
developing  around  itself  a  proper  membrane,  and  thus  becoming  converted 
into  the  sporangium.  In  a  very  early  stage  of  the  process,  the  conjugated 
finstoles,  as  in  Eunotia  turgida,  have  their  concave  surfaces  in  nearly  dose 
apposition  (XI.  1),  and  from  each  of  these  surfaces  two  protuberances  arise, 
which  meet  two  similar  ones  in  the  opposite  frustule  {XI.  3) ;  these  protu- 
berances indicate  ihe  future  channels  of  communication  by  which  the  endo- 
chrome of  the  two  frustules  becomes  united,  as  well  as  the  spot  where  is 
Bobeequently  developed  the  double  sporangium,  or  rather  the  two  sporangia. 
A  front  view  of  two  frustules  at  the  same  period  shows  eadi  of  them  to  have 
^vided  longitudinally  into  two  halves  (XI.  4),  which,  though  some  distance 
apart,  are  still  held  together  by  a  very  delicate  membrane :  this,  however, 
soon  disappears. 

*'  The  mixed  endochrome  occurs,  at  first,  as  two  irregular  masses  between 
the  connected  frustules ;  but  these  masses  shortiy  become  covered,  each  vdth 
a  smooth  cylindrical  membrane, — ^the  young  sporangia,  which  gradually 
increase  in  l^igth  (XI.  5,  6),  retaining  nearly  a  cylindrical  form  (XI.  7), 
imtil  tiiey  far  exceed  in  dimension  the  parent  frustules,  and  at  length,  when 
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matore,  become^  like  them,  transyersely  striated  upon  the  suiface  (XL  8). 
Arotuid  the  whole  stnicture  a  considerable  quantity  of  mucus  has,  during 
this  time,  been  developed,  by  which  the  empty  frustulee  are  held  attached  to 
the  sporangia  (XI.  5-8)." 

The  variations  in  the  process  are  alluded  to  in  the  following  extracts  from 
the  same  eminent  observer's  papers : — ^*  In  different  genera,  slight  variations 
are  met  with  in  the  method  of  conjugation :  thus,  in  some  species  of  Qom^ 
phanema  the  sporangia  lie  in  a  direction  parallel  to  the  empty  frustulee, 
instead  of  across  them,  as  described  in  Eunotia  iurgida.  Again,  there  are 
examples  (in  Qomphonema  fninutisnmum  and  Fragilaria  pectinalis)  where, 
instead  of  the  conjugated  frustules  separating  into  two  halves,  only  a  slit 
appears  at  one  end,  to  serve  for  the  escape  of  tiie  endochrome.  Instead  also 
of  the  pair  of  conjugated  frustulee  producing  between  them  two  sporangia, 
they  may  develope  but  a  single  one,  as  happens  in  Fragilaria  pecUnaUs,  In 
this  species,  too,  the  sporangium,  at  firat  cylindrical,  soon  assumes  a  flattened, 
somewhat  quadrangular  form,  and  in  many  cases  undergoes  fissiparous  divi- 
sion before  it  has  put  on  the  exact  appearance  of  the  frustule  of  a  Fragilaria. 

**  The  Melonrem  (OaUioruUcB,  Ehr.)  and  the  BiddulphuXf^  Mr.  Thwaites 
remarks,  ^*  would  .seem,  in  their  development  of  sporangia,  to  offer  an  excep- 
tion to  most  DiatomesB ;  for  in  those  genera  no  evident  conjugation  has  been 
seen.  However,  something  analogous  to  it  must  take  place ;  for,  excepting 
the  mixture  of  endochromes  of  two  cells,  the  phenomena  are  of  preosely 
similar  character.  Thus,  instead  of  the  conjugation  of  two  frnstules  (XY. 
29,  a,  5,  e,  e£,  32,  33),  a  change  takes  place  m  the  endochrome  of  a  sin^e 
frustule, — ^that  is,  a  disturbance  of  its  previous  arrangement,  a  moving 
towards  the  centre  of  the  frustule,  and  a  rapid  increase  in  its  quantity: 
subsequently  to  this  it  becomes  a  sporangium ;  and  out  of  this  are  developed 
sporangial  frustulee,  as  in  the  other  Diatomeas.  In  a  single  cell,  therefore, 
a  process  physiologically  precisely  similar  to  that  occurring  between  two 
conjugating  cells  takes  place ;  and  it  is  not  difficult  to  beUeve,  taking  into 
view  the  secondary  character  of  cell-membrane,  that  the  two  kinds  of  endo- 
chrome may  be  developed  at  the  opposite  ends  of  one  frustule,  as  easily  as  in 
two  contiguous  frustulee,  and  give  rise  to  the  same  phenomena  as  ordinary 
conjugation." 

Further,  in  his  notes  on  Schizanema  suhcohanrens,  Mr.  Thwaites  writes, — 
'<  The  sporangia  of  this  species  are  produced  by  the  conjugation  of  a  pair  of 
frustulee  outside  the  filaments ;  but  sporangial  frustulee  are  frequently  found 
in  a  filament  intermixed  with  ordinary  frustulee,  from  which  they  differ  only 
in  size." 

Dr.  Griffith  and  Mr.  Carter,  moreover,  have  portrayed  peculiarities  in 
the  conjugating  process,  which  Prof.  8mith  can  neither  explain  nor  confirm, 
and  is  equally  unable  to  reduce  under  either  of  the  leading  variations  he  has 
defined.  The  first-named  naturalist  stated  that  in  the  conjugation  of  a 
species  of  Navictda  {amphirhynchus^)  a  silicious  sheath  enveloped  the  spo- 
rangial frustule,  indestructible  by  heat  and  nitric  acid.  **  It  is,"  he  writes, 
'<  colourless,  elongate,  rounded  at  the  ends,  and  furnished  with  coarse  trans- 
verse stri»  or  depressions,  through  which  the  line  of  fracture  runs  when  the 
object  is  crushed."  This  account  seems  to  Prof.  Smith  erroneous ;  and  he 
suggests  that  this  sheath  **  may  probably  have  been  an  appearance  reenlting 
from,  the  condensation  and  corrugation  of  the  mucus  developed  around  the 
reproductive  body."  This  conclusion  Dr.  Griffiths  declares  untenable,  since 
no  kind  of  mucus  will  resist  the  action  of  a  red  heat  and  nitric  add.  The 
specimen  examined  was,  besides,  not  an  isolated  one,  but  hundreds  such  were 
present"  {A,  N.  H.  xvi.  92). 
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Fraf.  Smith  Uins  alludes  to  Mr.  Carter's  yiews: — ''The  drcumstance 
dwelt  upon  by  Mr.  Carter  as  haying  an  important  bearing  upon  the  ratumaU 
of  the  process,  viz.  that  one  of  the  conjugating  frnstnles  is  invariably  smaller 
than  the  other,  is  altogether  at  variance  with  my  experience,  and  is  totally 
irreconcilable  with  the  process  as  it  occurs  in  the  genera  mentioned  under 
the  third  and  fourth  classes.  1  am  therefore  disposed  to  believe  that  the 
difSsrence  in  size  noticed  by  Mr.  Carter  was  a  mere  accidental  diversity,  and 
of  no  essential  signification." 

The  four  typical  modes  of  conjugation  established  by  Prof.  Smith  have 
their  occurrence  thus  explained  {Synop$.  ii.  p.  xiii) : — '<  The  functions  oi 
life  and  growth  are  not  suspended  during  the  act  of  conjugation;  and 
in  consequence  self-division  may  take  place  at  any  stage  of  the  process 
which  accompanies  the  formation  of  the  reproductive  body,  or  the  latter 
process  may  intrude  upon,  or  arrest  any  step  in  the  progress  of  self-divi- 
sion. 

''  In  the  first  mode  of  conjugation,  as  occurring  in  Epithemia,  ftc,  self- 
division  may  be  r^arded  as  in  the  earliest  stage  of  its  progress,  which  merely 
involves  the  s^>aration  of  the  endochrome  of  the  parent  firustules  into  two 
portions,  but  does  not  include  such  a  differentiation  of  these  portions  as 
renders  them  capable  of  the  conjugative  act:  the  endochrome  capable  of 
conjugating  with  these  s^regated  portions  must  be  sought  for  in  other 
frustules ;  hence  the  process  in  these  genera  involves  the  presence  of  two 
parent  frustules,  and  results  in  the  production  of  two  sporangia. 

'*  In  the  second  mode,  met  with  in  Himantidium,  the  progress  of  separa- 
tion is  arrested  at  a  stUl  earlier  stage ;  no  differentiation  has  taken  place, 
and  conjugation  intervening,  necessitates  the  union  of  the  entire  contents  of 
two  parent  frnstnles  to  form  a  single  sporangium. 

**  In  the  third  mode,  the  progress  of  the  separation  of  the  endochrome  in 
the  parent  frnstule  must  be  considered  as  so  far  advanced  that  com]dete 
differentiation  has  taken  place.  In  every  respect  but  the  formation  of  new 
valves,  self-division  has  been  completed ;  the  incomplete  firustules  are  there- 
fore prepared  for  conjugation,  which,  intervening  at  this  stage,  leads  the 
observer  to  believe  that  but  one  frustule  has  been  concerned  in  the  produc- 
tion of  the  sin^e  sporangium.  This  we  see  in  Melotira  and  the  other  genera 
mentioned  under  this  class. 

''And  lastly,  self-division  occurring  during  the  progress  of  conjugation, 
the  endochrome  becomes  segregated  in  the  very  act  of  intermingling,  and  a 
sing^  frustule,  whose  contents  have  been  already  differentiated,  gives  rise  to 
two  sporangia,  as  in  Aeknanthes  and  Ehabdonema, 

"  Nor  is  the  self-dividing  disposition  in  all  cases  permanentiy  arrested  by 
the  c<Hnplete  formation  of  the  sporangium.  Having  assumed  the  form  of  the 
parent  frnstnles,  with  a  great  increase  in  size  (the  enlargement  in  dimen- 
sions being  in  some  cases  due  to  the  accumulation  of  the  contents  of  the  two 
conjugating  frustules,  and  in  others  to  a  rapid  assimilation  of  nutritive 
matenal  from  the  surrounding  medium),  the  sporangial  frustule  immediately 
submits  to  self-division,  and  by  the  repetition  of  this  act  developes  a  series 
of  frikstules  equal  in  size  to  the  original  product  of  the  conjugating  process. 
TMs  is  notably  the  case  in  the  filamentous  spedes,  as  may  be  easily  seen 
in  Mdatiray  in  Orthodra,  and  in  HvmanHdiwm.  How  far  this  self-division 
may  be  carried  in  the  sporangial  frnstnles  is  at  present  unknown ;  it  is  pro- 
bably of  short  duration,  as  we  rarely  meet  with  any  considerable  numbOT  of 
frostules  characterized  by  the  enlarged  size  of  the  sporan^al  form.  In  most 
cases  an  arrest  of  growth,  and  consequentiy  of  self-division,  seems  imme« 
diately  to  foUow  the  complete  formation  of  the  sporangia,  and  the  reproduc- 
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tive  body  assmneB  the  qmeeoent  character  which  belongs  to  the  seed  of  the 
higher  plant,  its  vital  fonction  remaining  dormant  until  drcomstances  fSetyonr 
its  forther  development  and  the  prodaction  of  the  young  frustnles  of  which 
it  is  the  destined  parent. 

'*  In  the  gathering  of  Coee&nema  Oishda  made  in  April  1852,  whidi  con- 
tained numerous  instances  of  the  conjugating  process,  I  observed  the  frequent 
occurrence  of  cysts  enclosing  minute  bodies,  variable  in  their  number  and 
size,  and  many  of  which  had  the  outline  and  markings  of  the  surrounding 
forms^  and  were  obviously  young  frustules  of  the  Coccanema.  It  would  appear 
£rom  the  figures  [appended  to  iHs  account],  that  the  production  of  the  young 
firustules  is  preceded  by  the  separation  and  throwing  off  of  the  silidous  valves 
of  the  sporangium,  and  the  constriction  or  enlargement  of  its  primordial 
utride,  accor£ng  to  the  number  of  young  frustules  originating  in  its  pro- 
toplasmic contents.  In  this  gathering,  forms  of  every  size  intermediate 
between  the  minutest  frustule  in  the  cyst  and  the  ordinary  frustules  engaged 
in  the  conjugating  ^ptoo&BS  were  easily  to  be  detected ;  and  the  condusion 
was  inevitable,  that  the  cysts  and  tibeir  contents  were  sporangia  of  the  spedes 
with  which  they  were  associated,  and  indicated  the  several  stages  of  the  re- 
.  productive  process." 

Since  the  preceding  account  of  conjugation  was  written,  a  valuable,  although 
not  a  very  ludd,  contribution  on  the  subject  has  appeared  by  Dr.  Hofrieister, 
in  the  Beports  of  the  Saxony  Natural  History  Sodety  for  1857,  and  has  been 
translated  by  Prof.  Henfrey  in  the  A,  N.  H.  for  January  1858.  Erom  this 
we  extract  tiie  following  as  supplementary  to  the  previously-written  history 
of  the  conjugation-process  and  oi  self-fission,  as  well  of  the  Desmidie®  (p.ll) 
as  of  the  Diatomess : — 

''  Conjugation  is  far  more  rarely  met  with  in  the  Diatome»  than  in  the 
Desmidieae.  It  appears  that  this  process  occurs  here  only  at  particular 
epochs,  differing  according  to  the  seasons,  happening  simultaneouisly  in  all 
individuals,  and  quickly  completed.  Frequently  as  indications  of  conjugation 
having  taken  place  have  been  met  witib  (the  occurrence  of  individuals  of  the 
same  spedes,  of  remarkable  diversity  of  size,  dde  by  dde,  in  free  DiatomesB, 
€,  g,  Pinnularia  viridi$,  SurireUa  bifrons,  Staurosigma  lacustre,  all  the  year 
round,  besides  the  occurrence  of  shorter  or  longer  rows  of  cells  of  about 
double  the  diameter,  in  the  bands,  of  the  forms  remaining  eonnected  by  the 
lateral  surfiEU^es,  e.  g.  Melosira,  Podosira),  yet  it  has  seldcHn  hi^peaied  that 
they  have  been  met  with  in  the  moment  of  conjugation. 

<<  Since  the  clasdc  researches  of  Thwaites  upon  this  subject,  the  knowledge 
of  it  has  on  the  whole  been  but  little  advanced  by  the  observations  of  Focke 
(conjugation  of  SvrireUd),  Griffith  (conjugation  of  Naviculd),  W.  Smith  and 
Garter  (conjugation  of  Coccohm,  CymbeUa,  Amphora),  The  following  casee 
have  been  observed : — "  Formation  of  a  single  conjugation-cell,  dividing  very 
soon  after  its  origin :  in  ffimanHdiumi  pectorale,  GynibeUa  Kiitdngiana,  Coeeo^ 
fids  Pediculus,  Coeconeis  Placentvla,  OompTumema  laneeolatum^  Schizonema 
OreviUii,  Orthosira  orkhaUsea,  0,  Dtdcidy  remarkable  from  the  repeated  tiiirow- 
ing-off  of  the  coats  of  the  conjugation-cell,  the  cracked  halves  of  which  dothed 
the  conical  ends  of  the  conjugation-cell  in  shape  of  funneb ;  Orthosira  va^ 
ricmSy  Sturirella  hifron$,  and  a  Navieula  not  specifically  determined.  Here 
belongs  also  the  only  conjugation  of  a  Diatomacean  that  I  have  seen,  that  of 
CydoteHa  operculata,  conjugation-oeUs  of  which,  with  adherent  enq)ty  coats 
of  the  mother-cells,  I  found  abundantly  in  ditches  of  a  marshy  meadow  not 
fiur  from  Ldpdc,  in  October  1852.  They  were  not  distinguishable  in  any 
essential  respect  from  the  CydoteUa  Kvjtxmgtaaui  figured  by  Thwaites. 

<'  Next  to  these  cases  of  the  formation  in  the  first  place  of  only  one  conju- 
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gatkm-oell,  oome  a  series  of  observations  in  which  two  new  cells  were  seen 
between  the  enapty  conjugated  mother-cells,  without  any  convincing  evidence 
being  offsied  of  a  diviedon  of  the  mother-cells  having  occurred  just  before 
otrnjngatioiiy  as  in  the  casee  hereafter  to  be  mentioned, — ^where,  rather,  the 
poation  of  the  empty  cells  in  relation  to  the  conjugation-cells,  and  the  affinity 
of  the  fonns  in  question  to  some  in  which  the  entire  development  has  been 
observed^  render  it  probable  that  the  unicellular  condition  of  tiie  conjugation- 
cell  has  hitherto  escaped  observation.  In  this  group  are  to  be  counted  C7oc- ' 
nmema  laneeolatwn,  C,  CutuUiy  OonypluyMfma  dichotommn,  O,  lanceolatum,  O, 
marinum^Acknanthes  longrpes,Ehahdonema  areu4xtum,CoHetonema  subcohoBrens, 

^  In  a  smaller  number  of  DiatomesQ,  species  of  the  genera  so  nearly  allied 
together,  EpiUumiay  ChfmbeHa,  and  Amphora,  the  conjugation  is  immediately 
preceded  by  a  division  of  the  mother-cdls  into  two,  ajialogous  to  the  division 
of  the  eellB  of  ClosUrium  rosiratum  when  about  to  conjugate.  This  division 
ii  longitudinal,  taking  place  exactiy  as  in  the  vegetative  ^vision  in  CymbeUa 
PedieuhiSy  Amphora  ovaUsy  and  Epithemia  Sorex,  but  transverse  and  in  a 
Erection  crossing  that  of  the  vegetative  division  in  Epithemia  twryida,  E,  gibhay 
and  K  verrucosa, 

**  Recent  observations  show  distinctiy  that  the  conjugation  of  the  Diatomese 
agrees  in  all  essential  points  with  that  of  the  Desmidiese.  When  a  cell  is 
•boot  to  conjugate,  there  is  produced  in  it  a  coat  round  the  entire  contents, 
•ccorately  lining  the  old  membrane,  but  not  adhering  to  it.  The  growth  of 
tills  eoat  cracks  the  old  cell-membrane  exactly  in  the  same  way  as  occurs  in 
vegetative  division.  From  the  fissure  the  young,  smooth  coat  emerges,  in  the 
fbnn  of  a  vesicle,  and  unites  with  the  similar  structure  produced  by  a  neigh- 
bomiBg  odL  AL  Braun  thought  it  must  be  assumed,  from  Thwaites's  obser- 
li^tioiia,  tiiat  the  primordial  utricles  of  the  two  conjugating  Diatomean  cells 
Qnited ;  but  that  this  is  not  the  case,  and  that  a  soft  and  flexible  cell-mem- 
Inane,  protruded  from  the  cracked,  rigid,  old  shell,  encloses  the  contents 
destined  to  be  blended  with  those  of  the  neighbouring  cell,  is  distinctiy  shown 
by  Smith's  figure  of  Bhahdonema  arcuatttmy  and  Carter's  of  Coceoneis  Fedi- 
tmhu  and  Amphora  ovaUs.  The  introductory  part  of  the  conjugation  is  dis- 
tinguished in  no  respect  from  the  vegetative  cdl-division  in  ^cnthemia  Soreof, 
Am^phora  owdis  and  CytnheUa  Pedieulus,  and,  further,  in  Closterium  rostratwm ; 
in  epithemia  iurgida,  gihba,  and  verrucosa,  only  by  a  different  position  of  the 
wall  dividing  the  mother-cell ;  in  the  rest  of  the  XHatomese  and  Desmidiese,  by 
oodsBioii  of  the  formation  of  septa, — ^frequentiy,  also,  by  one-sided  dehiscence 
cf  the  cracked  mother-cell,  whose  shells  remain  still  connected  at  one  side. 

"  Thwaites's  observations  established  that  the  cell  produced  from  the  conju* 
gatioB  of  two  cells  of  a  Diatomaoean,  very  soon  after  its  origin,  assumed  the 
fonn  of  the  mother-cell,  becoming  distinguishable  from  it  almost  solely  by 
being  twice  as  large.  8mith  has  endeavoured  to  render  it  probable  that  the 
eoiomes  of  young  individuals,  enclosed  in  a  cyst,  of  Coceoneis  Cistula,  Oom^ 
picnema  diehotofnum,  and  Synedra  radians,  some  of  which  he  found  associated 
with  ooDJngated,  full-grown  individuals,  must  have  originated  from  the  divi- 
ttOD  of  the  spores  (sporanges  of  EngHsh  authors).  This  hypothesis  has  much 
la  its  fiavour,  but,  in  the  present  condition  of  our  knowledge,  it  is  inexplicable 
wtiene  the  nHcious  shells  of  the  spore-ceUs  remain.  However  this  may  be, 
time  is  no  doubt  of  the  occurrence  of  cysts  of  this  kind.  In  the  same  pools 
of  a  iDsnhy  meadow  whidi  repeatedly  furnished  me  with  conjugated  indivi- 

'  i  of  CydoteUa  late  in  autumn,  I  found,  in  early  spring  of  two  successive 
giobolar  cells,  each  of  which  enclosed  a  great  number  (32  to  40)  d 
iDdividiials  of  the  same  species.    The  walls  of  these  cells  appeared 
■haiply  defined  intemaUy  and  externally;  the  contents  of  a  thin,  fluid  nature. 
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Stractores  siinilar  to  those  represented  by  Smithy  of  Synedra  radtans,  oconned 
in  extreme  abundance  in  the  end  of  the  automn  of  1854,  in  company  with 
Synedra  Ulna,  Here  the  cells,  which,  like  those  observed  by  Smith  in  the 
allied  species,  had  a  diseased  aspect  and  an  abnormal  arrangement  of  the 
coloured  contents,  were  imbedded  in  a  granular  jelly,  of  a  reddish  colonr  by 
transmitted  light.  I  very  much  doubt  whether  tikese  last  were  in  a  condition 
capable  of  further  development ;  while  in  reference  to  the  cysts  of  CyehUiUa 
operculata,  I  share  Smith's  opinion. 

'*  The  establishment  of  the  assertion  that  the  commencement  of  conjugation 
in  the  Desmidie®  and  DiatomesB  is  but  little  distinguished  from  the  com- 
mencement of  vegetative  cell-division,  renders  some  discussion  of  the  latter 
requisite.  Pringsheim  has  already  directed  attention  to  the  resemblance  of 
this  process  in  the  Desmidies  to  the  vegetative  cell-multiplication  of  the 
joints  of  (Edogomvm,  In  fetct,  it  is  an  absolutely  general  phenomenon  in  the 
true  Desmidiese,  so  fsir  as  observation  reaches,  that  the  older  parts  of  the 
membrane  of  a  cell  about  to  divide,  do  not,  as  in  other  cases  (for  example, 
in  Zygnemeffi),  r^ularly  increase  in  size  with  the  parent-cell  by  growth  in 
all  directions ;  but  the  older,  outer  layers  of  the  integument  split  open  with 
an  t^TiTinlftr  crack  at  the  equator  of  the  cell,  shortly  after  (or  during  ?)  the 
division.  They  still  remain  sticking  on,  covering  the  ends  of  the  cell  with  a 
thick  envelope,  but  become  removed  gradually  further  apart  by  the  interpo- 
sition of  new  cellulose  between  their  fractured  edges.  The  interposed  new 
coat  is  the  direct  continuation  of  that  which  lines  iJ^e  internal  sur&ce  of  the 
cracked  halves  of  the  old  sheU.  It  is  the  margins  of  the  half-shells  which 
constitute  the  rings,  parallel  to  the  end-surfeu^es,  upon  the  cylindrical  lateral 
surfEices  of  the  cells  of  Hydlotheca  dissUiens  and  H,  mucosa,  the  wrinkled  pro- 
jections of  the  membrane  in  the  middle  of  the  deep  constriction  of  the  ocSl  of 
Micrasterias  and  the  large  Eaastra,  of  the  flat  constriction  of  the  c^  of 
Doddium,  as  also  the  ring  at  the  equator  of  the  external  surface  of  Claste- 
Hum :  in  Clostermm  and  in  Doddium,  frequently  as  many  as  six  may  be 
counted, — a  phenomenon  which,  in  Doddium  truncatum  and  the  large  Clos- 
teria,  may  be  recognized  at  first  sight  as  dependent  upon  a  number  of  halves 
of  cracked  cells  regularly  encasing  their  successors. 

*^  The  dehiscence  of  tiie  coat  of  the  dividing  cell  is,  in  all  observed  cases, 
preceded  by  the  formation  of  the  septum  dividing  the  cell  into  two  halves 
{Cosmarium  margaritiferum).  The  gradual  development  of  this  frx>ni  the 
margin  of  the  cell-wall  inwards,  as  a  gradually-widening  annular  fold  of  the 
innermost  layer  of  the  integument,  has  not  yet  been  observed,  and,  from 
analogy  with  the  processes  in  (Edogonium,  is  scarcely  probable.  But,  as  in 
(Edogonium,  the  contents  of  the  cell  may  be  contracted,  before  the  formation 
of  the  septum,  into  two  masses,  in  contact,  but  separated  by  a  sharp  line 
of  demarcation  (two  contracted  daughter-cells  imperfectly  cut  off  from  one 
another,  still  adhering  together  at  the  place  of  constriction). 

«  From  the  half-sheUs  of  cells  of  ihe  same  Doddium  which  dehisced  under 
the  eye  of  the  observer,  emerged,  within  half-an-hour,  to  the  extent  of  ^th  or 
^th  of  the  length  of  the  half-sheUs,  the  daughter-cells,  stiU  intimately  con- 
nected at  the  point  of  contact.  They  could  henoeforth  be  perceived  to  be 
enclosed  by  a  cellulose  coat,  firm  although  delicate.  Treated  with  reagents 
strongly  extracting  water,  such  as  glycerine,  one  or  both  of  the  extraded 
pieces  frequently  drew  badi:  into  tlie  halves  of  the  shells  of  the  mother-cell, 
the  projecting  pieces  of  membrane  becoming  doubled  inwards.  The  just- 
eme^ed  coats  of  the  daughter-ceUs  of  Doddium  did  not  take  a  blue  colour 
when  treated  with  iodized  chloride  of  zinc,  while  the  old  halves  of  the  mem- 
brane of  the  divided  cell  assumed  the  blue  colour  immediately. 
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^  In  Comnarwm  margaritifemtm  and  StamoMtrwrn  d&fedmm,  it  may  be  easQy 
observed  that  a  slight  elongation  of  the  isthmos,  and  the  fonnalioai  of  a  septum 
psssmg  acToes  the  middle  of  this,  precede  the  appearance  oi  new  half-eells 
in  the  de^  oonstriction.  It  is  after  the  appearance  of  the  septum  that  the 
old  wall  of  the  mother-cell  breaks  by  an  annnlar  fissure  exactly  at  the  place 
where  that  septum  is  formed.  The  two  halves  of  the  old  cell-coat  are  then 
separated  by  the  bulging-out  of  the  younger,  inner  layers  of  membrane,  not 
finnly  adherent  to  the  old  portions.  The  new  halves  are  at  first  lined  only 
by  protruded  portions  of  the  pellicle  of  their  contents  (outermost  layer  of 
the  parietal  coats  of  protoplasm)  belonging  to  the  older  half-cells ;  from  the 
moment  only  ci  the  dehiscence  of  the  old  cell-coat,  does  a  portion  (d  the 
granular  contents  of  the  older  cell-halves  make  its  way  into  the  new  emei^ging 
halves. 

''  In  like  manner,  doubtless,  occurs  tiie  eell-divisbn  of  MioratUriaM,  of  the 
Uu^  forma  of  EuoMtrum,  (htmarium,  SiauroMirum,  and  other  DesmidiesB, 
only  that  they  have  not  been  observed  completely,  because  these  larger  Bea- 
Budiese  Tery  seldom  multiply  by  diviedon  out  of  their  natural  stations.  The 
eell-division  of  tbe  IHatomesa  that  have  hitherto  been  observed  in  vegetative 
multiplication,  differs  in  essential  points  from  that  just  described. 

"  When  a  cell  of  Nameuia  (Piwnularia)  piridi$  is  about  to  divide,  there 
appears  upon  one  of  the  secondary  sides  (front  view  of  English  authors), 
parallel  to  the  primary  sides  (the  ftirrowed  feces  of  the  cell  Imving  an  elon- 
gated elliptical  outline),  an  annular  rim,  which,  growing  gradually  inwards, 
constricts  the  contents  of  the  cell  by  an  annular  furrow,  in  a  manner  exactly 
similar  to  that  of  the  conmiencement  oi  cross-division  in  a  cell  of  CladopTtora. 
When  a  cell  in  this  state  is  treated  with  substances  producing  slight  endos- 
mofiis  (for  instance,  a  weak  solutiMi  of  carbonate  of  ammonia),  the  contents 
retract  on  both  sides  from  the  annular  rim,  and  constitute  two  completely 
separate  eell-hke  structures  (halves  of  a  primordial  utricle),  each  of  a  very 
long  ellipsoidal  form,  and  each  lying  dose  against  one  of  the  primary  sides 
(faces  of  halves)  of  the  cell.  When  the  annular  rim  has  grown  inwards  to 
about  the  sixth  part  of  the  shortest  diameter  of  the  cell,  its  development  is 
arrested.  In  natural  conditions,  this  stage  is  succeeded  by  the  retraction  of 
the  primordial  utricle  from  it.  Each  of  these  halves  of  the  cell-contraitB 
becomes  dothed,  on  the  side  turned  away  from  the  primary  side  of  the  cell, 
with  a  new  membrane,  wMch  soon  exhibits  the  first  indications  of  the  pecu- 
liar thi<^ening  ribs  and  nodules  <^  one  of  the  primary  sides  of  our  PinntUaria. 
The  cell  has  now  completed  its  division.  Seen  from  one  of  the  secondary 
sides,  it  contains  two  new  individuals,  equal  to  the  mother-cell  in  length  and 
breadth^  but  only  possessing  one-third  of  its  thickness.  The  extemally- 
aitoated  primary  side  of  each  of  them  is  the  old  primary  side  of  the  mother- 
cell,  to  which  we  must  imagiTift  the  newly-formed  membrane  of  the  dau^iter- 
cell  doeely  adherent  at  all  points.  Periu^  the  narrow  secondaiy  sides  of 
the  new  cells  may  be  in  the  same  condition.  But  the  contiguous  primaiy 
rides  of  the  daughter-cells  ate  totally  new  structures,  whidi,  developed  rapidly, 
in  a  short  time  become  similar  to  tiie  old  primary  sides  in  every  part.  The 
two  dau^ter-cells  are  at  first  hdd  together  by  the  broad  middle  piece  of  the 
secondary  sides  of  the  mother-cell,  baring  the  above-mentioned  annular  rim 
inside.  The  contents  of  the  intermediate  space  consist  of  a  transparent  fluid 
destitute  ci  any  solid  structures,  doubtless  pure  water.  The  two  daughter- 
cells  are  finally  set  free  by  the  gradual '  wec^ering '  of  tiie  xone-membrane 
whidi  holds  them  together.  The  divirion  ci  Swrirdla  hifrone  takes  place 
exactly  in  the  same  way.  An  essentially  similar  kind  of  vegetative  multipli- 
cation is  widely  difihsed,  if  not  geneoral,  in  the  Diatomess.    The  well-known 
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phenomenon  of  the  formation  of  a  tabular  membrane,  often  impregnated  with 
silex,  and  elegantly  dotted  or  areokted,  connecting  the  two  segmentB  of 
Isthmia,  Melosira,  &c.,  depends  upon  the  same  process. 

"  An  analogous  case  is  met  with  in  the  formation  of  the  spores  of  PeOia 
epiphylla.  Tlie  mother-cell  here  produces  six  ridges  of  cellulose  projecting 
inward  from  the  internal  wall,  intersecting  at  an  angle  of  60^ ;  these  ridges 
grow  in  toward  the  middle  point  of  the  cell,  like  the  annular  ridge  of  Cla- 
dophora  at  the  commencement  of  ceU-division.  When  these  projecting  ridges 
have  attained  the  breadth  of  a  fourth  part  of  the  transverse  diameter  of  the 
mother-cell,  the  cell-contents  divide  into  four  parts,  which,  retracting  from 
one  another  and  from  those  ridges,  occupy  the  four  chambers  of  the  cell,  each 
of  which  is  vaulted  externally  and  bounded  laterally  by  three  of  the  ridges, — 
here  becoming  coated  with  a  membrane  and  developed  into  a  spore,  while  the 
tetrahedral  space  in  the  middle  of  the  cell,  bounded  by  the  six  ridges,  remains 
filled  only  with  watery  fluid.  The  sporesbecome  free  by  the  solution  of  the 
enveloping  part  of  the  membrane  of  the  mother- celL  The  resemblance  of 
this  process  to  the  vegetative  multiplication  of  Navunda  consists  in  the  inter- 
ruption of  the  division  of  the  cell  by  the  formation  of  septa,  and  the  subse- 
quent completion  of  the  daughter-cells  by  secretion  of  membrane  on  the 
external  smface  of  contracted  portions  of  the  contents  of  the  mother-cell. 
A  deviation  occurs  in  the  circumstance  that  in  PelUa  the  segment  of  the  coat 
of  the  mother-cell  which  is  in  contact  with  the  external  surface  of  the  daughter- 
cell  becomes  dissolved,  while  in  Navicula  it  persists  and  remains  most  inti- 
mately connected  with  the  daughter-cell. 

'<  ThQ  newly-formed  parts  of  the  cell-coat  facing  together  in  the  division 
are,  in  the  Diatomese,  and  still  more  clearly  in  the  Desmidieae,  perfectly  smooth 
and  even  for  some  time  after  their  production ;  it  is  subsequently  that  they 
obtain  the  often  very  considerable  tubercles  and  spines,  consisting  principally 
of  cellulose.  The  same  applies  to  the  processes  upon  the  outer  integument  of  the 
spores  of  Euastra,  Cosmaria  and  Stawaatra  produced  in  the  conjugation.  These 
phenomena,  as  also  the  autumnal  secretion  of  jelly  by  many  of  the  Desmidie63y 
deserve  more  notice  than  they  have  hitherto  attracted  in  connexion  with  the 
theory  of  the  life  of  the  vegetable  cell.  Still  more  remarkable  behaviour  is 
displayed  by  the  cell-coat  of  an  organism  which  I  refer  only  doubtfrilly  to 
the  Desmidiese.  In  many  pools  about  Leipsic,  in  which  DesmidiesB  abounded, 
occurred  large,  accurately  spherical,  thick- walled  cells,  some  as  much  as  -05 
miUim.  in  diameter,  rich  in  chlorophyll,  which  not  only  lined  the  internal  wall 
«s  a  connected  granular  layer,  but — as  in  many  Desmidieae — ^formed  groups, 
distributed,  in  the  interior  of  the  cell,  in  a  system  of  radially-airanged  plates, 
which  presented  a  stellate  appearance  when  seen  from  the  side.  It  would 
be  no  great  stretch  of  imagination  to  regard  these  cells  as  the  conjugation- 
spores  of  a  large  Desmidiean.  But  these  spores  are  all  spiny,  with  &e  single 
exception  of  those  of  XarUhidivm  armatwm.  This  very  striking  form  occurs 
but  rarely  with  us,  having  hitherto  been  found  only  in  a  single  locality,  while 
these  globules  are  as  common  as  they  are  abundant,  and  are  often  found  in 
great  numbers  in  forest  pools,  which  harbour,  in  addition  to  them,  only  very 
small  DesmidiesB.  But  such  a  supposition  is  still  more  decidedly  negatived 
by  the  circumstance  that  the  cells  in  question  are  sometimes  found  dividing 
into  two.  This  renders  it  in  the  highest  degree  probable  that  they  are  inde- 
pendent organisms — ^Desmidieae  without  a  central  constriction,  which  may 
form  the  commencement  of  a  series  of  forms  terminating  in  Micrcuterias. 

"  These  cells  frequently  appear  surrounded  by  a  wider  coat,  inside  which  the 
•cell  then  floats  freely,  enclosed  by  its  own  dosely-investing  coat.  Several 
such  empty  coats  are  often  met  with,  even  as  many  as  six  sticking  one  inside 
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nother.  Cloee  mvestigatiQii  shows  that  the  broader  empty  coats  have  an 
orifioe,  towards  the  border  of  which  the  membrane  grows  gradually  thinner. 
These  holes  have  not  the  aspect  of  perforations  of  the  outer  walls  through 
eztenal  injury ;  they  rather  resemble  the  orifices  of  the  walls  of  Cladophoraf 
tliroogh  which  the  swarming-spores  escape.  '  It  mig^t  be  conjectured  that 
the  plant  multiplied  by  swaiteing-sporeSy  and  that  solitary  ones  becoming 
deTdq>ed  inaide  the  empty  coat  of  the  mother-cell  gave  rise  to  that  appear- 
loee;  but  this  is  contiadicted  by  the  great  fi^tiency  of  their  occurrence, 
as  ibo  by  the  drcumstanoe  that  we  never  find  a  number  of  green  cells  inside 
one  eell-coat  It  is  more  probable  that  the  contents  of  the  cell  contract,  and 
beeome  coated  with  a  new  membrane,  when  the  old  one  is  perforated, — ^by 
unknown  causes,  whidi  perhaps  lie  in  the  course  of  devdopment  of  the 


^  If  we  sedc  to  bring  the  phenomena  introductory  to  vegetatiye  cell-mul- 
tqilication  under  one  point  of  view  with  the  preparations  for  conjugation,  we 
ind  that,  in  the  Desmidieae,  in  both  cases  a  new  membrane  is  formed  around 
tiie  total  contents  of  the  cell,  which  indeed  lies  dose  upon  the  old  coat  at  all 
points,  but  by  no  means  adheres  to  it,  as  we  are  accustomed  to  conceiTe  of 
tiie  so-called  layers  of  thickening  of  the  ceU-wall.  The  growth  of  the  young 
nembrane  cradcs  the  stronger  old  one — in  vegetatiye  ceU-multiplication 
ahraya  in  an  annular  form,  in  conjugation,  mostly  in  a  one-sided  manner, 
with  a  TalTe-Hke  slit  {Hyahiheca  dissiliens;  GhsUnwm),  At  this  stage 
fint  occurs  a  distinction  between  the  two  processes  of  development, — ^the 
lonnatMrn  of  a  septum  taking  place  in  cell-division,  while  in  conjugation  the 
pntniding  part  of  the  young  membrane  continues  to  enlarge  outwards, 
without,  in  many  cases,  any  separation  of  the  contents  into  two  halves  taking 
piaee.  The  younger,  innermost  layer  of  membrane  remains  with  that  portion 
lining  the  dd  c^-coat,  sticking  wholly  in  this  in  Syaloiheea,  BanUmsina, 
Commrmm,  But  even  in  individuals  of  species  of  the  last  genus  it  sometimes 
oecuB,  in  TetmemorHt  and  ClosUrium  (e.  g.  C.  aeutum)  as  a  rule  (although  by 
no  means  without  exception),  that  the  ends  of  the  connected  inner  coats  of 
tbe  eoopigating  oeUs  draw  themselves  out  of  the  cast-off  shells  of  the  mother- 
ceDs,  in  extreme  cases  entirely ;  so  that  the  cell  originating  by  the  blending 
of  ^  internal  ooats  of  two  individuals  (inside  which  the  spore  is  formed) 
becomes  oqiable  of  being  rounded  off  into  a  sphere. 

"  Both  the  oell-division  and  the  preparation  for  conjugation  of  ZygnemeeB 
are  distiBguiBhed  from  the  processes  in  BesmidieeB  by  the  circumstance  that 
in  the  finmer  the  wall  of  the  oldest  ceUs  grows  in  its  entire  mass,  and  does 
Bot  aDow  the  younger  layers  of  membrane  to  protrude  through  fissures  or 
ilitk 

'^  In  the  Diatomee,  lastly,  the  division  into  two,  like  the  conjugation,  takes 
plaee,  seemin^y,  in  all  cases,  through  and  after  a  preparatory  contraction  of 
the  ftonteats  or  separate  portions  of  the  contents  of  the  ceUs ;  and  in  not  a 
few  eases  the  conjugation  takes  place  during,  and  is  accompanied  by,  division 
of  the  contracted  ccmtents  into  two  portions.  What  import  for  the  life  of  the 
ipedes  has  the  conjugation  o(  the  Zygneme»,  DeemidiesB,  Palmellefle  (Pal- 
••flm),  and  Desmidieee?  Our  knowledge  of  the  race  of  AlgsB,  so  import- 
indy  a^anced  by  the  labours  of  Pringsheim  and  Ck>hn,  should  allow  a  more 
poaitiTe  answer  to  this  question  than  tJ^t  inquirer,  to  whom  the  study  owes 
BHst  bnOiant  acquisitions,  is  inclined  to  give.  The  idea  of  sexuality  of  the 
lower  Alg»  depends  principally  upon  the  perfectly  justifiable,  but  still  only 
oialngieal  condnsions  which,  starting  from  the  observations  made  during  a 
MBtOT  on  the  Phanerogamia,  have  advanced,  through  tibe  intermediation  of 
tlMse,  lesB  numerous,  on  the  Vascular  Cryptogamia  and  Muscineee,  and  th^ 
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facts  establiahed  in  Fnoiu  by  ezperixnfint  of  artificial  separaiioii  or  union  of 
the  86X66,  to  the  (Edogoniaj  Vaueheriay  SphasrapUa  and  VoJvox,  Pringsheim's 
declaration,  that  physiological  questions  of  such  a  kind  as  the  necessity  of  the 
action  of  the  fecundating  matter  in  generation  can  only  be  certainly  decided 
by  the  observation  of  morphological  processes,  will  not  be  adopted.  Expe- 
riment has  long  ago  proved  the  existence  of  sexes  in  the  Phanerc^mia, 
before  the  penetration  of  the  poUen-tube  into  the  ovule,  and  its  relation  to 
the  germinal  vesicle,  had  been  made  out,^-ob8ervations  which  that  theory 
really  no  longer  required  for  the  establishment  of  its  main  question.  And 
if,  among  so  many  confirmatory  experiments,  a  few  n^ative  results  present 
themselves,  in  what  branch  of  human  knowledge  do  we  not  meet  with  similar 
phenomena  ?    The  general  rules  of  evidence  hold  good  in  such  cases. 

''  The  same  analogies,  then,  which  lead  us  to  recognize  a  fecundation  in 
the  penetration  of  the  spermatic  body  of  (Edogordum  into  the  mother-cell  of 
the  spore,  in  the  mixture  of  that  body  with  the  contracted  contents  of  the 
mother-cell  of  the  spore  (with  Pringsheim's  <  fecundation-globule '),  must 
necessarily  lead  us  to  regard  conjugation  as  a  fecundation.  It  is  distinguished 
from  the  process  in  (Edogomwm,  only  by  the  fact  that  the  portions  of  cdl- 
contents  which  become  blended  into  one  cell  are  of  equal  size,  and  that  there 
is  not  one  of  them  provided  with  apparatus  by  means  of  which,  like  the 
spermatic  body  of  (Edogonium  by  its  ciUa,  it  is  moved  onward  untQ  it  reaches 
the  cell  to  be  fecundated, — ^both  points,  evidently,  of  no  essential  importance. 

*'  The  sporangial  frustules  differ  in  general  from  the  parent  forms  not  merely 
in  size,  but  also  in  the  number  of  striae  or  of  other  markings,  and  to  some 
slight  degree  in  outline.  Such  variation,  M.  Thuret  contends,  proves  the  phe- 
nomenon of  conjugation  to  be,  not  a  true  mode  of  reproduction,  but  only  *  a 
second  mode  of  multiplication  of  frnstules,  very  curious  and  very  abnormal.' 

*^  In  the  immature  condition,  we  are  informed  by  Mr.  Thwaites,  it  happens 
that  the  sporangia  in  many  species  resemble  in  general  characters  the  mature 
frustules  of  another  species  or  even  of  an  allied  genus.  Thus  the  sporangia 
of  GUyrwphonema  minutUsimum  '(XI.  17)  and  of  O,  dichoiomum  have  a  dose 
resemblance  to  the  frustules  of  Coceonema.  On  the  other  hand,  in  some  genera, 
as  in  Coceonema,  the  sporangia  take  on  at  once  the  exact  characters  of  the 
ordinary  frustules,  from  which  they  differ  only  in  their  exceedhig  that  of  the 
majority  of  the  latter  in  dimensions. 

*'  When  a  sporangium  in  a  transitional  condition  is  like  the  frustule  of  another 
genus, we  are  assisted  in  distingniwhing  its  true  nature  and  affinity,  oftentimes, 
by  the  persistence  of  the  mucus  diffused  around  it ;  or  by  continued  observa- 
tion we  may  witness  its  assumption  ultimately  of  its  true  specific  characters, 
including  tiie  development  of  its  pedicle  or  stalk,  where  the  possession  of 
such  an  oi^gan  is  a  characteristic  (as  in  Oonvphonemay* 

The  above  feu^t  suggests  it  as  very  probable  that  transitional  forms  have 
been  described  as  particular  species,  or  located  in  wrong  genera.  Thus  Mr. 
Thwaites  thinks  that  Kiitzingf  s  Ejpithemia  vertagus  is  no  other  than  the 
sporangium  of  EunoUa  turgida,  and  also  that  the  enlarged  frustules  of  the 
ifehsirecB,  which  that  same  writer  had  conjecturally  r^arded  as  reproductive 
bodies,  are  in  &ct  the  sporangial  product  of  conjugation,  and  give  rise  to 
a  chain  of  frustules  larger  than  those  from  which  they  had  themselves 
originated. 

The  subsequent  history  of^  the  sporangial  frustules  on  being  matured  is 
not  satisfactonly  made  out.  Prof.  8mith  has  the  following  on  the  question 
(J,  M.  8. 1855,  p.  131) : — "  The  ordinary  Diatomaoeous  frustule  seems  to  owe 
its  production  to  the  protoplasmic  contents  of  the  sporangial  frustule  formed 
by  the  process  of  conjugation.     These  sporangia,  like  the  seeds  of  higher 
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phots,  oftesi  lemain  for  a  long  period  dormant,  and  are  borne  about  by  our- 
reatB  or  beoome  imbedded  in  tiie  mud  of  the  waters  in  wbioh  they  have  been 
produced,  until  the  circninBtaneee  neoessaiy  to  their  development  concur  to 
all  them  into  actiyity.  At  such  times  their  silidous  epiderms  open  to  per- 
mit the  escflqpe  of  the  ccMitained  endochrome,  which  is  resolved  into  a  myriad 
of  embryonie  frustoles  ;  these  either  remain  free  or  surround  themselves  with 
nracnSy  fonning  a  pelUde  or  stratum,  and  in  a  definite  but  unascertained 
period  reach  the  mature  iorxa  of  the  ordinary  frustule/'  when  their  further 
growth  appears  almost  entirdy  arrested  by  the  production  of  the  silicious 
coat,  and  when  multiplication  by  self-division  provides  for  the  continuation  of 
indiyidnal  life.  To  continue  the  quotation, ''  The  size  of  the  mature  frustule 
before  self-diviBLon  ccmunenoes  is,  however,  dependent  upon  the  idiosyncrasy 
of  the  embiyo,  or  upon  the  circumstanoes  in  which  its  embryonic  growtili  takes 
pboe ;  eouaequently  a  very  conspicuous  diversity  in  their  relative  magnitudes 
nay  be  usually  noticed  in  any  large  aggregation  of  individuals,  or  in  the  same 
^ecies  collected  in  dif^orent  localities.'' 

The  belief  that  the  contents  of  the  sporangial  frustules  resolve  themselves 
into  a  <  brood'  of  Diatoms,  having  the  same  form  and  speciiio  characters  as 
the  original  parent-oeUs,  Prof.  Smith  establishes  by  the  following  observations 
made  by  himself  (^S^nopM,  vol.  ii.  p.  xv) : — "  In  the  gathering  of  Coceonema 
OuMi  made  in  April  1852,  which  contuned  numerous  instances  of  the  con- 
jugating pfooeee,  I  observed  the  frequent  occurrence  of  cysts  enclosing  minute 
bodies  variable  in  their  number  and  size,  and  many  of  which  had  the  outline 
and  maikingis  of  the  surrounding  forms  and  were  obviously  young  frustules  of 
the  Coceonema.  It  would  appear  that  the  production  of  the  young  frustules 
is  Receded  by  the  separation  and  throwing  off  of  the  silidous  valves  of  the 
Bponttgium  and  the  constriction  or  enlargement  of  its  primordial  utricle, 
aeooiding  to  the  number  of  young  frustules  originating  in  its  i»rotoplasmic 
wwtentB.  In  this  gathering,  forms  of  every  size,  intermediate  between  the 
Binoiest  frustule  in  the  cyst  and  the  ordinary  frustules  engaged  in  the 
cugugating  process,  were  easily  to  be  detected;  and  the  condusion  was 
ineritiible,  that  the  cysts  and  their  contents  were  sporangia  of  the  spedes 
with  whiistk  they  were  associated,  and  indicated  the  several  stages  of  the 
leprodoctive  process." 

^  A^dn,  in  a  gathering  of  Synedra  radicmSy  although  not  found  at  the 
tone  in  a  congregating  state,  yet  the  appearance  of  the  cysts  and  of  their 
contents  was  equally  characteristic  of  the  reproductive  process.  That  sudi 
a  ^  eystoid  oondition  is  one  stage  in  the  normal  development  of  its  reproduc- 
tion,''  a  ambeeqnent  examination  in  a  distant  locality  satisfied  him. 

The  pioeecation  of  this  inquiry  into  the  final  changes  of  the  sporangial, 
frnitoks  is  seriously  impeded  by  the  dissolutbn  of  the  investing  mucus  and 
^  eonaeqiient  di^^ersion  of  the  reproductive  bodies. 

Thirty-two  species  of  the  DiatomeeB  have  been  observed  in  the  act  of  con- 
jngation,  belonging  to  the  genera  Epithemiay  OoeeoneU,  Coeeonema,  Cymbeltoy 
CyeUuBoy  Ghmphonema,  Brrnantidiitmf  Aehnanihes,  Bhabdonema,  Melosira, 
Nmnada^  8wnrellay  Amphora^  Or&umra^  Eneyonema^  CoUetanema,  and  SchizO' 
nema.  On  this  pandty  compared  with  the  number  of  known  genera,  Prof. 
Suth  has  the  following  ezi^anatory  remarks  (Synopa.  iL  p.  zi) : — "  One  reason 
for  the  paucity  of  observations  on  this  process  in  ^e  Diatomese  is  no  doubt  to 
be  found  in  the  changes  which  usually  take  place  in  the  condition  of  these 
offgnuBms  at  this  pezK»d  of  their  existence.  During  conjugation  the  progress 
of  sdf-diviflum  is  arrested,  the  general  mucous  envdope  or  stratum  produced 
dnnng  self-divisiQn  is  dissolved,  and  the  conjugating  pairs  of  frustules  beoome 
^jijmhffd  from  the  original  mass ;  they  are  thus  more  readily  borne  away  and 
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dispersed  by  the  surroimdiiig  cnirents  or  the  moyementB  of  worms  and  in- 
sects, and  iJieir  detection  becomes  in  consequence  more  casual  and  difficult. 
By  far  the  greater  number  of  the  species  I  have  mentioned  belong  to  those 
genera  whose  frustules  are  adherent,  or  attached  by  stipes  to  foreign  bodies, 
or  which  form  continuous  filaments  or  aggregated  frondose  expansions.  Not 
more  than  four,  viz.  CydoteUa  Kutzingiana,  Navicula  Jirma,  Amphora  ovaUs^ 
and  CvmbeUa  Pedicultu,  are  to  be  regarded  as  free  forms :  the  reason  I  have 
just  given  will  account  for  this  circumstance ;  and  the  larger  proportion  of 
adherent  or  firondose  species  detected  in  conjugation  may  doubtless  be  ascribed 
to  ihe  firmer  position  conferred  upon  such  forms  by  the  presence  of  these 
accessory  methods  of  attachment  and  adhesion,  while  the  fikmentous  species, 
being  usually  aggregated  in  considerable  masses  or  entangled  amidst  the 
branches  of  i^e  larger  Algae,  are  also  less  liable  to  dispersion." 

Another  mode  of  development,  first  pointed  out  by  Mr.  Ralfs  in  his  eailj 
contributions  to  the  history  of  the  DiatomesB  (A.  N.  H,  1843),  by  an  internal 
gemmation  or  production  of  cells  approaching  in  physiological  features  to 
self-division,  appears  to  prevail  in  at  least  some  instances.  It  is  alluded  to  by 
Prof.  Smith,  when  speaking  of  the  Meridian  circtdare  (op,  cit,  7).  He  met  with 
a  variety  of  frostules,  which  upon  a  close  examination,  especially  in  a  living 
state,  led  him  to  the  conviction  '<  that  the  appearance  of  a  double  wall  of  silex 
is  owing  to  the  formation  within  the  origined  frustule  of  a  second  perfect  cell, 
instead  of  the  usual  mode  of  division  by  which  the  original  frustule  is  divided 
into  two  half-new  cells. ...  In  the  present  case,  the  central  vescicle  or  cyto- 
blast  becomes  enlarged  without  division,  and  secretes  on  its  extension  two 
new  valves,  which  are  pushed  outwards  until  they  lie  in  dose  approximation 
with  the  original  valves.  This  process  is  not  always  repeated ;  the  usual  mode 
of  self-division  again  recurs,  and  two  valves  are  formed  in  the  interior  of 
this  new  cell  according  to  the  normal  method. . .  .This  unusual  method  of 
development  is  not,  however,  sufficiently  constant  to  warrant  the  separation 
of  such  frustules  from  the  species  in  which  it  occurs,  perhaps  hardly  sufficient 
to  constitute  a  variety,  as  fnistules  in  both  the  ordinary  and  abnormal  states 
may  be  met  with  in  the  same  gathering  and  even  in  the  same  filament.'' 

ffimantidium  Soleirolii  is  another  species  producing  internal  cells,  which 
Prof.  8mith  quoted,  remarking  that  he  had  no  doubt  it  is  merely  an  accidental 
modification  of  cell-growth,  since,  in  the  same  filament,  ceUs  thus  formed  may 
be  frequently  found  along  with  others  following  the  normal  mode  of  self-divi- 
sion. In  Odontidium  anomalum,  this  variety  is  in  fact  the  usual  condition 
of  the  frnstules,  and  the  ordinary  mode  of  self-division  is  but  rarely  to  be 
met  vrith.  A  remarkable  instance  of  this  abnormal  development  presented 
.itself  to  Prof.  Smith  in  Achnaniha  subsessilis,  in  which  "  the  formation  of  a 
cell  Ulterior  to  the  original  one  had  proceeded  through  several  successive 
stages,  and  the  result  is  a  compound  frustule,  consisting  of  the  mother-cell 
and  a  number  of  included  cells,  each  successive  development  being  embraced 
by  the  others  previously  formed." 

Mr.  Bal£s  has  recently  (J.  M,  S.  1867,  p.  14)  recurred  to  the  subject  of  this 
plan  of  reproduction,  and  has  found  himself  obliged  to  differ  from  Prof.  Smith 
in  some  particulars.  He  writes :  <'  Although  it  is  true  that '  we  frequently 
find  in  the  same  filament  cells  thus  formed,  and  others  following  the  normal 
mode  of  growth,'  as  I  formerly  showed,  yet  I  cannot  agree  to  Prof.  Smith's 
statement  under  Himantiditwi  SoldrolUy  that  *  there  is  no  doubt  of  its  being 
merely  an  accidental  modification  of  cell-growth.'  On  the  contrary,  I  believe 
it  to  be  a  reproductive  state  of  l^e  species,  and  consequently  to  have  a  definite 
and  important  part  in-  their  economy. 

**  For  several  years  I  have  attentively  watched  the  circumstances  connected 
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irith  Uie  formation  of  these  inner  cells  in  ffimantidium  undtUaium,  by 
gathering  specimens  at  short  intervals.  During  great  part  of  the  winter^  the 
filaments  increase  in  bnlk,  by  repeated  division  of  the  frnstulee,  until  they 
hm  large  masses,  filling  the  ditches ;  at  length  the  inner  cells  make  their 
appetiance,  at  first  sparingly ;  but  as  spring  advances,  it  is  difficult,  in  many 
aitoationSy  to  obtain  a  filament  without  them.  I  have  found  that  when  these 
l)eoonie  abundant,  the  filaments  cease  to  grow,  and  the  entire  mass  soon  breaks 
op  and  disappears.  The  same  thing  happens  in  the  dther  species  of  Himan^ 
tK^Nim,  and  in  Mendum, 

"  I  do  not  find  that  the  inner  cell  commences  in  the  centre  and  pushes  its 
valves  oatwardSy  as  stated  by  Prof.  Smith.  Were  this  the  case,  the  internal 
matter  also  would  necessarily  be  pushed  outwards  by  the  advancing  valves, 
and  thus  condensed  between  them  and  the  walls  of  the  frustule.  On  the 
contrary,  in  the  HtmantUUwn  the  internal  matter,  before  nearly  fluid,  collects 
within  the  new  cell,  becomes  dense  and  more  granular,  and  the  new  walls  are 
formed  round  it  in  the  situation  they  are  to  occupy,  leaving  an  empty  space 
between  them  and  the  walls  of  the  frustule. 

**  The  alteration  and  condensation  of  the  colouring  matter,  and  the  ap* 
pesianoe,  or  at  least  great  increase  of  vesicles,  have  a  strong  resemblance  to 
what  takes  place  previous  to  the  formation  of  sporangia,  the  completion  of 
which,  as  in  this  case,  usually  preludes  the  deatii  and  disappearance  of  the 

^  As  in  most  acknowledged  sporangia,  the  cell  thus  formed  always  tends 
to  assume  an  oval  or  orbicular  form.  It,  however,  is  very  frequently,  and 
perhaps  generally,  divided  in  halves,  as  in  the  fission  of  the  frustules,  so  that 
tbe  ovbX  seems  made  up  of  two  neighbouring  frustules ;  but  this  is  not  the 
case,  as  may  readily  be  ascertained  by  noticing  the  maiginal  puncta  of  the 
original  frustule. 

**  Bo  these  newly-constituted  cells  ever  continue  to  divide,  as  Prof.  Smith 
awppuses  ?  I  believe  not ;  at  least  I  have  never  seen  a  specimen  in  which 
the  semi-elliptic  portions  were  separated  by  the  interposition  of  other  valves 
resembling  either  themselves  or  those  of  the  ordinary  frustule.  For  my  own 
part,  I  have  been  unable  to  trace  the  species  after  the  formation  of  these  cells, 
owing  to  the  quickly  succeeding  disappearance  of  the  mass.  If,  indeed,  this 
reBMwed  division  does  occur,  the  resemblance  to  what  takes  place  in  the 
sponmgia  of  some  species  of  Mdosira  would  be  increased. 

**  Prot  Smith,  in  his  most  interesting  and  valuable  account  of  the  *  Bepro- 
dnction  in  the  Diatomaceee,'  enumerates  four  modes  in  which  sporangia  are 
fiDcmed.     The  third  is  thus  defined : — 

^  *  The  valves  of  a  single  frustule  separate ;  the  contents,  set. free,  rapidly 
meiease  in  bulk,  and  finally  become  condensed  into  a  single  sporangium.' 

««  As  £ar  as  regards  the  Melosira  varians,  the  only  one  in  this  group  which 
I  hare  had  an  oi^[>ortunity  of  noticing,  I  believe  the  process  is  essentially  the 
aune  as  in  the  examples  already  described.  The  only  difference  is,  that  the 
■ew-f<Hmed  cell  being  inflated,  and  much  larger  than  the  original  frustule, 
te  valves  oi  the  frustule  must  necessarily  be  either  ruptured  or  pushed  apart 
by  tiie  increasing  growth  of  the  sporangium,  and  the  latter  alternative  happens. 
^  I  have  seen  no  specimen  of  Mr.  Brightwell's  Chcetoeeros  Wighamn,  but 
fraa  bis  figures  I  believe  the  goniothecia-like  bodies  constitute  another 
axaaipJe  ci  the  formation  of  internal  ceUs. 

**  I  have  said  that  I  consider  these  internal  cells  sporangia,  and  essentially 
if  the  same  nature  as  the  inflated  ones  of  Mdosira  varians.  At  the  same 
time  we  should  not  forget  that  Mr.  Thwaites  discovered  the  HimanHdium 
in  a  truly  conjugated  state,  and  that  it  is  contrary  to  our  experience 
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of  the  economy  of  nature  that  the  same  result  should  be  obtained  in  the  same 
speciee  in  two  different  ways." 

M.  Focke  has  satisfied  himself  of  the  reproduction  of  some  species  of  Navi- 
cuUb  {A,  N,  H.  1855,  237)  by  a  strange  complication  of  the  phenomena  of 
<'  alternation  of  generation  "  and  conjugation.  Navicula  bifrons,  for  example, 
forms,  he  says,  by  the  spontaneous  fission  of  its  internal  substance,  spherical 
bodies  which,  hke  gemmules,  give  rise  to  Surirella  microcora.  These  by 
conjugation  produce  N,  'apUndida,  which  gives  rise  to  N,  bifrons  by  the  same 
process.  Tlus  last  act  of  gemmation  has  been  observed  by  the  author  in  all 
its  phases.  He  saw  two  specimens  of  N,  spleitdicla,  enveloped  in  a  sort  of 
mucosity,  open  and  evacuate  the  whole  of  their  contents,  which  served  to  form 
a  N.  bifrons.  The  production  of  the  reproductive  bodies  by  the  latter  was 
also  observed ;  but  dieir  development  into  Surirella  microcora,  and  the  pro- 
duction of  N.  aplendida  by  conjugation,  rest  solely  on  the  inductions  of  the 
author. 

These  facts  require  revision  and  confirmation,  but  they  are,  nevertheless, 
worthy  of  the  attention  of  observers,  and  appear  to  point  to  phenomena  quite 
as  singular  as  those  which  have  been  revealed  to  us  within  the  last  few  years 
by  the  study  of  the  reproduction  of  so  many  of  the  lower  animals.  They,  in 
fEtct,  present  in  a  manner  the  converse  of  the  phenomena  exhibited  in  the 
ordinary  alternation  of  generation,  as  several  germs  or  eggs  are  necessaiy  for 
the  production  of  the  last  individual  of  the  cycle. 

Kiitdng  has  surmised  the  existence  of  another  mode  of  development,  viz. 
by  germs  or  spores  prepared  from  the  gonimic  contents  of  the  frustules.  This 
method  of  propagation  was  indeed  comprehended  in  Ehrenbeiig's  doctrine  that 
much  of  the  granular  contents  were  ova ;  an  hypothesis  started  rather  to  bring 
the  structure  of  the  Diatomeae  in  accordance  with  the  generally  assumed  poly- 
gastric  organization,  than  to  explain  any  observed  phenomena,  complicated  as 
it  also  was  with  other  suppositions  of  fecundating  male  glands  or  seminal 
vesicles  and  a  sexual  discharging  orifice. 

Babenhorst  (Siis8w<is8er~Di€Uom,  p.  3)  has  followed  up  Kutzing's  suggestion, 
and  affirms  that  the  frustules  of  IHatomese  swell  up  in  a  vesicular  manner 
and  become  fiUed  with  a  greater  or  less  number  of  cells,  which  at  first  have 
an  irregular  figure,  but  subsequently  assume  a  regular  oval  shape.  This 
having  happened,  the  cells  move  in  a  current  from  right  to  left  within  the 
cavity  of  the  parent-cell,  which  by-and-by  splits  open  add  emits  its  progeny, 
each  of  which  has,  at  an  anterior  dear  space,  two  long  projecting  cilia.  For  a 
very  short  time  these  germs  enjoy  a  swarming  movement,  and  afterwards,  on 
becoming  stationary,  attain  with  extreme  rapidity,  or  even  surpass,  the  size  of 
the  parent-cell,  which  is  itself  destroyed  in  the  act.  This  plan  of  reproduc- 
tion by  the  development  of  a  brood  of  yoimg  organisms  within  a  parent-cell, 
or,  in  more  technical  terms,  this  formation  of  active  gonidia  (microgonidia), 
prevails  in  many  of  the  lower  Algae,  and  consequently  has  no  d-priori  argu- 
ment against  it.  However,  as  Prof.  8mith  remarks,  *'  Its  occurrence  in  the 
Diatomeee  cannot  be  received  as  established  without  further  observation  and 
a  more  careful  record  of  the  phenomena  attending  its  progress"  (op.  cit, 
vol.  ii.  p.  xvii). 

Babenhorst  has  illustrated  this  mode  of  development  in  only  one  species  of 
Melosira,  although  he  puts  it  forward  in  a  general  manner  as  if  true  of  all 
the  Diatomese.  Indeed  it  occurs  to  us  that  it  is  not  a  special  and  otherwise 
unobserved  process  of  reproduction,  but  merely  that  variety  of  the  act  of  ccm- 
jugation  described  by  Mr.  Thwaites  in  the  genus  Melosira,  in  which  a  change 
in  the  endochrome  of  a  single  frustule,  attended  by  an  increase  of  oontentB 
and  a  consequent  enlargement — such  as  is  intimated  in  Babenhorst's  account — 
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oonrertB  it  into  a  sporangiiim.  Beyond  this  stage,  Mr.  Thwaites  does  not 
appear  to  have  fc^owed  the  sporangial  frastule  so  generated ;  but,  assmning 
the  oorreotneas  of  Prof.  Smith's  hypothesis  of  the  generation  and  subsequent 
evdntkm  of  numerous  minute  fruistules  within  it,  do  we  not  find  a  pre^sely 
ttudogoas  phenomenon  with  that  which  Babenhorst  represents  as  an  addi- 
tional mode  of  propagation,  or  with  what  Focke  (see  preceding  page)  describes 
as  the  formation  of  gemmulee  out  of  the  internal  substance,  and  their  sub- 
sequent discharge?  The  supplementary  phenomenon  of  alternation  with 
change  of  specific  form,  included  in  the  statement  of  the  latter  observer,  even 
if  confirmed,  will  not  affect  the  general  analogy  presumed. 

Habitats. — Appearance  in  masses,  abtmdanee,  geographical  dUtrilmiian, 
—FtmU  Diatamece. — Evistenee  in  the  atmosphere. — PracHeal  uses  and  appU- 
cations  of  the  Diatomecs, — ^The  haUtats  and  the  distribution  of  the  BiatomesB, 
both  in  time  and  space,  are  the  most  extensiYe,  various,  and  wide,  of  all 
organic  beings.  In  firesh,  in  salt,  and  in  brackish  waters  they  are  alike  found ; 
they  exist  i^undantly  in  a  living  state  about  the  roots  of  plants  and  diffused 
in  moist  earth ;  they  are  also  to  be  met  with  in  the  dust  of  the  atmosphere 
and  in  meteoric  products.  They  are,  in  fine,  inhabitants  of  earth,  air,  and 
water.  When  no  longer  alive,  their  silicious  skeletons  preserve  their  form 
and  (xmstant  characters,  uninjured  by  most  of  the  causes  which  obliterate 
the  remains  of  other  Hving  beings.  They  are  so  preserved  in  most  of  the 
rooks  above  the  oldest  primary— 4n  all,  indeed,  in  which  intense  heat  has  not 
operated  to  fdse  silica  into  a  molten  mass.  At  the  present  day  they  are 
qected  from  the  bowels  of  the  earth  in  the  lava,  cinders,  and  ac^es  of  vol- 
canoB,  and  are  borne  about  by  the  winds  from  one  continent  to  another  in 
flhowers  of  dust. 

In  re^»ect  of  habitat,  the  Diatome®  are  divisible  into  marine  and  fresh* 
water  ^)ecie8 ;  some  indeed  are  common  to  both  fresh  and  salt  water,  <» 
exist  in  brackiah  water.  The  following  account  of  the  habitats  of  IHatomeee, 
ilhistrated  by  reference  to  particular  examples,  is  from  the  experienced  pen 
of  Mr.  Balfisy  who  has  suppHed  us  with  it : — 

**  The  Diatcmiefie  may  be  obtained  at  all  seasons  of  the  year,  but  are  most 
pfentifol  in  spring  and  summer,  many  of  them  indeed  bemg  limited  to  that 
period ;  thus  the  species  of  Mieromega  and  Schizonema  are,  with  few  excep- 
tioBs,  in  perfection  only  in  May  and  June,  when  they  are  met  with  in  shd- 
tered  situations,  forming  wide  patches  on  the  ground  and  on  the  flat  surfaces 
cf  rocks  exposed  at  ebb-tide.  About  the  end  of  May  the  Bnteromorpha 
tempressa,  so  eommon  on  our  shores,  often  seems  as  if  faded  at  the  end ;  this 
appeanuLce  is  frequently  accompanied  by  the  presence  of  Orammonema  Jwr- 
gemOy  whidi  is  easily  recognized  by  its  slippery  feel,  when  firom  its  pale 
ooloor  it  would  otherwise  escape  detection. 

**  At  all  seasons  of  the  year,  the  smaller  and  more  slender  Algse,  marine 
and  freshwater,  as  soon  as  they  attain  maturity,  become  almost  invariably 
covered  with  parasitic  Diatomese,  which  impart  to  them  a  brownish  colour. 
In  ftoB  way  we  obtain  species  of  Coeooneis,  Achnanthes,  StriateUa,  TaheOaria, 
Grammatophora,  Isthmia,  Oomphonema,  Podosphenia,  Bkipidophora,  and 
Sffmedra.  On  ^e  contrary,  Amphitetnu  and  Btddulphia  piefer  the  muddy 
oeriees  in  the  sheltered  sides  of  perpendicular  rocks. 

'*  In  salt  marshes  we  may  expect  to  find  the  Achnanthes  stthsessilis  on  the 
slender  filaments  of  Enieromorpha,  but  so  sparingly  as  hardly  to  discolour 
them.  The  species  of  Epitheiwia  are  parasitic  on  CladopTiora,  both  in  brackish 
and  in  freshwater  pools.  The  Mdosircs  are  common  in  marshes,  especially  at 
the  months  of  large  rivers,  where  they  form  Conferva-like  brownish  masses. 

^  Many  of  the  unattached  DiatomeeB  are  produced  in  dark  brown  patdies 
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at  the  bottom  of  pools,  or  on  the  sur&oe  of  mud ;  the  freshwater  species 
often  by  the  road-side ;  the  marine  forms  usually  near  high- water  mark.  Am^ 
pTdpleura  inflexa  and  A.  mxtlaris  congregate,  in  large  brown  stains  or  spots, 
on  the  muddy  sides  of  rocks,  whilst  oti^er  species,  for  instance  Campyhdiscus, 
and  Coseinodiscus  eaneinnus,  form  similar  collections,  but  prefer  more  shady- 
situations. 

**  The  sides  of  ditches  in  brackish  marshes  are  very  prolific,  especially  after 
spring-tides,  and  in  situations  not  again  covered  until  the  next  high-tidee. 
We  may  expect  to  gather  in  such  places  species  of  Surirella,  Navicula,  Pleu- 
rosigma,  CeratoneiSf  Amphiprora,  Amphora,  &c.  The  soil  about  the  roots  of 
ru^es  and  of  other  plants  inhabiting  salt  marshes  often  afford  interesting 
forms,  but  seldom  in  abundance.  We  find  there  species  of  Coseinodiscus  and 
of  Zygoceros ;  but  such  are  obtained  more  abundantly  from  the  mud  or  trora 
the  washings  of  bivalve  shells  brought  up  frt)m  deep  water  or  collected  at  the 
mouths  of  rivers.  Oyster-beds  are  in  general  productive.  The  BadUaria 
paradoxa  inhabits  ditches  in  which  the  water  is  nearly  fresh,  and  is  frequently 
obtainable  from  the  scum  driven  from  the  surfieu^  to  the  banks. 

"  Few  DiatomesB  are  peculiarly  autumnal ;  we  have,  however,  gathered 
Hiynuxocladia  Martiana,  BerkeUya  fragilis,  Dickieia  pinnata,  and  StriaUUa 
uniptmetata,  chiefly  at  that  season. 

'<  On  warm  summer  days,  Diatomese,  with  various  microscopic  Algsd  and 
Fungi,  rise  to  the  surfSoce  of  water  by  the  disengaged  oxygen  gas  still  ad- 
hering to  them  and  buoying  them  up,  and  there  form  a  delicate  film  or  a 
scam,  and  at  times  even  a  layer  of  considerable  thickness.  8uch  collections 
are  rich  in  species  of  NaviculoLy  CymbeUa,  SurireUa,  and  Synedra.  When  an 
entangled  l^:ger  mass  is  formed,  there  is  usually  one  prevailing  species. 
Specimens  of  Fragilaria  are  generally  found  on  decaying  wood  or  leaves, 
or  amongst  ConfervsB  difiVised  in  the  water.  From  the  draioongs  of  Sphagnum 
may  oftoi  be  obtained  Synedra  biceps  and  various  species  of  Himan^ium. 
Boggy  soil,  especially  when  situated  on  a  slope,  affords  various  species  of  Epi^ 
themia  and  Navicula ;  so  likewise  does  the  soft  matter  on  rocks  on  which  water 
constantly  trickles.  Washings  from  oysters  and  the  refdse  raised  by  trawlers 
are  usually  rich  in  spheres  of  Coseinodiscus,  Actinoptychus,  Pleurosigma,  Dir- 
ploneis,  Navieula,  Dictyocha,  &c.  The  same  kind  of  washings  from  sheltered 
harbours  give  Surirella  fastuosa,  Auliscus  seulptus,  together  with  spedee  of 
Oampyhdiscus,  Trieeratium,  &c.  Washings  of  corallines  aro  likewise  some- 
times productive.'' 

Mr.  Norman  supplies  us  with  the  following  hints : — "  The  most  interesting 
forms  occur  in  salt  water,  especially  in  shallow  lagoons,  saltwater  marshes, 
estuaries  of  rivers,  pools  left  by  the  tide,  &c.  Their  prosence  in  any  abun- 
dance is  shown  by  the  colour  they  impart  to  the  aquatic  plants  tliey  aro 
attached  to ;  or  when  found  on  mud,  by  the  yellowish-brown  film  they  form 
on  the  surface,  and  which,  if  romoved  with  a  spoon  without  disturbing  the 
mud,  will  be  found  a  very  puro  dq)osit. 

<'  Such  collections  are  best  put  at  once  in  bottles,  or  even  partially  dried 
and  wrapped  in  pieces  of  paper  or  tin-foil.  When  placed  in  bottles,  a  few 
drops  of  spirit  aro  advantageously  added.  In  all  cases  it  is  essential  that  the 
locality  whence  obtained  should  be  plainly  written  on  each  package.  Capital 
gatherings  aro  obtainable  by  caroMly  scraping  the  brownish-coloured  layer 
from  mooring-posts,  or  the  piles  of  whar&  or  jetties. 

''  In  clear  running  ditches,  the  plants  and  stones  have  often  long  streamers 
of  yellowish-brown  slimy  matters  adhering  to  them,  generally  composed  almost 
wholly  of  filamentary  species.  The  layers  of  Diatomaceous  frt)nds  on  the 
gurfjEU^  of  mud  aro  often  covered  with  bead-like  bubbles  of  oxygen,  which 
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from  time  to  time  rises  to  the  siufaoe  of  the  water  and  earriea  up  with  it 
some  of  ihe  deposit  in  the  form  of  a  scum,  which  gets  blown  to  leeward,  and 
may  be  readily  collected  from  the  edge  of  the  pond  quite  free  from  particles 
of  mad  and  otiier  imparities. 

"  Good  and  rare  specimens  have  been  obtained  from  the  stomachs  of  Ho- 
lothoridae  and  other  MoUosca  which  inhabit  deep  water,  and  are  often  thrown 
on  ahore  after  severe  gales  of  wind.  These  anifnals  may  be  merely  dned  and 
preserved  jost  as  found,  and  the  contents  of  the  stomach  obtained  afterwards 
by  dissection.  Shells  and  stones,  covered  with  seaweed,  Ac.,  from  deep  water, 
also  afford  most  interesting  and  littie-known  forms.  The  roagher  these  are, 
the  better  (they  oo^t  by  no  means  to  be  cleaned).  Deep-4wa  soundings 
(especially  those  from  great  depths)  should  be  preserved ;  for  they  are  often 
exdosively  Diatomaceous. 

''  Very  rare  species  have  often  been  formed  in  immense  quantities  in  the 
arctic  and  antarctic  regions  by  melting  the  '  pancake  ice,'  rendered  brownish 
by  these  microscopic  shells.  The  sea  is  also  often  observed  discoloured  with 
brownish  patches,  which  should  be  collected,  and  the  water  filtered  throu^ 
blotting-paper  or  cotton  wool :  the  residuum  will  frequentiy  turn  out  to  be 
composed  of  DiatomesB.  It  is  also  highly  interesting  to  collect  and  examine 
the  impalpable  dost  which  occasionaUy  falls  into  the  folds  of  the  sails  of  ships 
at  sea." 

ScaUq)s  and  other  MoUusca  often  contain  rich  and  rare  collections  in  their 
stomachs.  In  Ascidia  (e.  g.  PhaUntia  fulcata,  Aieidia  meniula)  lir.  Norman 
and  the  Rev.  B.  Cresswell  found  an  abundant  source,  lir.  Norman  adds,  in 
a  farther  note  kindly  sent  us — '<  The  Asddians,  whose  stomachs  are  almost 
always  so  loaded  with  Diatomaceous  frustules,  are  to  be  found  abundantiy 
on  the  shells  of  oysters  dredged  in  deep  water,  and  readily  procurable  from 
the  trawleiB. 

'<  The  Saving  (found  so  abundantiy  floating  on  the  sniface  of  the  sea  in  warm 
latitodee)  aJTord  very  pure  gatherings.  The  roots  of  the  various  species  of 
mangrove,  growing  in  the  dense  swamps  of  rivers  and  estuaries  in  the  tropical 
regions  of  Africa,  Australia,  and  the  Eastern  Archipelago,  are  said  to  be  fre- 
quently covered  with  a  brownish  mucous  slime  very  rich  in  DiatomesB.  I 
have  also  obtained  very  pure  gatherings  from  the  roots  of  the  Dutch  rushes, 
as  imported,  and  from  the  Zostera  marina  from  the  Baltic,  used  for  stuffing 
beds,  ftc.,  by  upholsterers.  Stones,  moreover,  brought  as  ballast  from  abroad, 
win  amply  pay  the  diligent  collector  by  yielding  foreign  and  perhaps  rare 
species.  The  roots  of  aquatic  plants  from  tropical  countries,  stored  in  her* 
baria,  would,  if  properly  examined,  yield  many  interesting  forms  of  Diatoms." 

Indeed  we  may  add,  generally,  that  the  roots  of  land  plants,  particularly 
of  mosses,  lichens,  &c.,  growing  around  trees  on  the  ground,  or  upon  them, 
are  frnithil  in  Diatomeae,  and,  in  feet,  of  some  of  the  rarer  forms.  In  the 
Nnmber  of  the  Mioroscopical  TransaeHons  just  published  (July  1858,  p.  79), 
Cd.  Baddeley  notes  the  occurrence  of  Diatoms  in  considerable  numbers  in 
the  Noctiluca  mtUarU.  They  are  the  chief  constituents  of  a  mass  of  dark 
matter  near  the  nucleus,  and  lie  in  the  so-called  vacuoles,  into  which  they 
enter  from  the  mouth.  This  occurrence  suggests  aH  easy  method  of  obtaining 
different  marine  species  of  Diatomese  in  their  natural  state,  often  alive,  and 
wi&  their  endochrome  perfect.  The  Colonel  discovered  in  this  way  several 
rarer  species,  and  gives  a  list  of  nearly  50  which  he  identified,  besides  not  a 
few  forms  of  whose  true  name  he  was  uncertain.  To  extract  the  Diatoma- 
ceoos  mass  from  the  interior  of  the  NoctUueof,  Col.  Baddeley  recommends 
tiiat  the  seawater  and  its  living  frei^t  be  poured,  on  arriving  home,  in  a 
white  hand-basin,  and  be  let  stand  fnr  on  hour  or  two.     *'  This  rough  treat- 
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ment  canses  these  creatures  to  disgorge  their  food ;  and  if,  after  an  interval, 
the  water  be  carefully  poured  off,  a  sediment  will  be  found  at  the  bottom, 
which  will  consist  of  IHatoms  mixed  with  some  refuse." 

Dr.  Donkin  lately  {T.  M,  S,  1858,  p.  11)  called  attention  to  the  occurrence 
■of  that  rare  form,  Syndendrium  diadema,  in  the  stomach  of  the  lobster,  and 
in  a  subsequent  paper  (op.  eit,  p.  14)  alludes  to  the  abundant  deposit  of  liTing 
Diatoms  upon  the  sands  at  the  sea-side,  in  the  following  paragraph: — 
**  Professor  Smith  states  that '  the  shallow  pools  left  by  the  retiring  tide  at 
the  mouths  of  our  larger  rivers '  are  the  favourite  habitat  of  marine  species. 
But  such  localities  I  have  found  not  to  be  half  so  prolific  in  species  as  the 
tands  of  still  bays,  on  the  shore,  where  they  are  exposed  by  the  reflux  of  the 
tide,  at  a  distance  corresponding  with  the  half-tide  margin.  In  these  places, 
where  the  sands  are  sloping  towards  the  sea,  and  grooved  out  into  small 
furrows,  filled  with  salt  water  oozing  out  from  behind,  the  abundance  of 
Diatoms  aggregated  into  a  living  mass  imparts  to  the  surface  of  the  sand 
different  hues  of  chestnut  and  oHve,  the  difference  of  colour  being  due  to 
the  nature  of  the  species  present.  These  coloured  patches,  it  is  interesting 
to  observe,  are,  during  the  sunshine,  studded  with  numerous  minute  air- 
bubbles,  undoubtedly  given  off  by  the  Diatoms  themselves. 

"  To  separate  the  IHatoms  thus  detected,  from  the  surface  of  the  sand,  I 
found  to  be  impossible.  I  therefore  seized  hold  of  the  nearest  bivalve  shell 
ivhif h  happened  to  lie  in  the  way,  and  with  this  I  carefully  scooped  up  the 
surface  of  the  coloured  sand.  Tins  I  emptied  into  a  wide-mouthed,  stoppered 
bottle,  capable  of  holding  eight  ounces,  until  half  full ;  the  other  half  of  the 
bottle  I  ^ed  up  with  salt  water.  I  then  shook  the  whole  briskly  and  allowed 
the  bottle  to  stand  for  a  short  period.  The  sand,  being  composed  entirely  of 
fine  round  grains  of  quartz  and  the  minute  fragments  of  shells,  settled  at  the 
bottom  in  a  few  seconds,  leaving  the  Diatoms  all  suspended  in  the  water 
above,  and  forming  by  their  abundance  a  chestnut-coloured  doud,  but  not 
more  than  1  part  in  1000  of  the  whole  sand  collected.  The  coloured  water 
was  then  poured  into  another  bottle,  and  formed  the  gathering,  while  the 
sand  was  thrown  away.  The  Diatoms,  in  their  turn,  were  separated  from  the 
superfluous  water  by  subsidence,  and  brought  home  in  l|-oz.  bottles.  In  this 
manner  I  soon  found  that  any  quantity  could  be  collected  in  a  pure  and  un- 
mixed condition,  affording  an  excellent  opportunity  of  examining  their  living 
forms,  and  one  of  which  I  availed  myself  on  every  occasion. 

*^  After  carefully  examining  materials  collected  in  this  way  from  various 
parts  of  the  beach,  I  detected  not  less  than  about  100  species,  all  these 
strictly  marine,  and,  with  a  few  exceptions,  each  species  in  considerable 
abundance." 

The  fact  of  Diatomeas  rendering  themselves  perceptible  to  common  vision 
by  their  excessive  accumulation  and  the  colour  they  impart  to  water,  is  illus- 
trated by  the  phenomenon  of  coloration  of  the  sea  recorded  by  Dr.  Hooker, 
also  by  the  Melosira  oehracea,  which  occurs  in  many,  perhaps  in  all,  cha- 
lybeate waters,  and  also  in  peat  water  containing  a  smaU  proportion  of  iron. 
It  is  of  the  colour  of  iron  rust,  and  in  mineral  springs,  in  which  it  abounds, 
is  often  taken  for  precipitated  oxide  of  iron.  It  covers  everything  under 
water,  but  forms  so  delicate  and  floccoee  a  mass  that  the  least  motion  dissi- 
pates it.  In  the  spring  of  the  year  this  mass  is  composed  of  very  d^cate, 
pale-yeUow  globules,  which  can  be  easily  separated  from  each  other.  They 
unite  together  in  rows  like  short  chains,  and  produce  an  irregular  gelatinous 
felt  or  floccoee  substance.  About  summer,  or  in  autumn,  ^ey  b^me  de- 
veloped into  more  evidently  articulated  and  stiff  threads  of  a  somewhat  larger 
diameter,  but  still  form  a  complicated  mass  or  web,  and,  either  from  adhering 
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to  eadi  other  or  to  delicate  Confeme,  appear  branched.  In  the  young  oon* 
ditioai,  when  examined  under  shallow  magnifiers,  they  resemble  gelatine ;  but 
with  a  power  of  300  diameters  the  flexible  granuke  are  disooTerable,  and, 
with  dextrous  management,  the  little  chains  forming  the  felt  or  flocoose 
web  can  be  made  out.  In  summer,  on  the  other  hand,  its  structure  can  be 
observed  much  more  easily  and  distinctly.  Early  in  spring  the  colour  is  that 
<^  a  pale  yellow  ochre,  but  in  summer  that  of  an  intense  rusty  red.  Other 
examples  occur  where  a  single  species  becomes  tangible  to  the  unaided  senses ; 
such  are  met  with  in  the  brown  specks  mentioned  in  the  preceding  account  of 
habitats  formed  by  particular  species  upon  the  larger  Alge  and  Confervse.  Bo 
the  Qamphonema  geminatum  forms  on  rocks  tufts  of  a  spongy  texture  and 
brownish  colour  when  young,  but  white  afterwards.  The  St/nsdra  Ulna  often 
produces  a  white  incrustation  on  stones  in  rivers  in  summer ;  and  Fragilana 
and  Odontidium  are  seen  outstretched  as  delicate  brown  filaments,  several 
feet  in  length,  like  many  filiform  AlgSB,  from  which,  however,  they  differ  by 
breaking  up  so  very  readily,  on  the  least  disturbing  force,  into  their  separate 
joints.  **  Large  numbers  of  BhizoselerUa  "  (writes  lir.  Brightwell,  •/.  M,  8. 
1858,  p.  95)  ''have  been  detected  in  the  stomachs  of  Salpas,  and  they  have  also 
been  c^tMserved  floating  free  in  the  ocean  in  warm  latitudes,  their  appearance 
being  that  of  little  confervoid  flakes  of  exquisite  dehcacy,  but  of  a  sufficient 
a^;regation  of  filaments  to  be  seen  by  the  naked  eye.  The  mass  appeared 
(probably  from  the  endochrome)  of  a  faint,  evanescent,  ochraceous  colour.'* 
Moreover,  the  frondose  spedee  generally  attain  an  appreciable  magnitude. 
Thus  Eneyonema  prostratwn  forms  a  tuft-like  stratum, — ^when  recent,  dark 
brown,  but  when  dried,  of  a  dull  green  colour.  Schizonema  iuheohxrens  grows 
into  tufts  frvm  a  quarter  to  half  an  inch  or  more  hi^ ;  and  8,  vulgare  eon-« 
stxtutes  a  dark  brown  gelatinous  stratum  on  stones  in  shallow  water,  fila-< 
ments  simple  or  nearly  so  in  deep  still  water,  and  much  branched  filaments 
in  deep  n^dd  streams. 

Mr.  Norman,  of  Hull,  has  most  kindly  furnished  us  with  the  following 
original  observation  on  the  growth  of  one  species,  the  CampyJodi$ou$  eoB^ 
tatus: — *^  In  the  early  part  of  the  spring  of  1856,"  he  writes,  "  I  made  a 
gathering  of  freshwater  Diatomeee  from  the  *  Spring  Ditch,'  Hull.  Although 
I  met  with  a  few  odd  frustules  of  the  species  named,  I  did  not  consider  it  of 
sufficient  interest  to  boil  in  acid  for  mounting,  and  the  phial  containing  them 
was  left  in  the  vsindow  of  my  laboratory  during  the  ensuing  summer.  Some 
time  in  the  autumn  I  had  occasion  to  metke  use  of  this  bottle,  and  was  on  the 
point  of  throwing  away  the  contents,  when  I  noticed  the  surfieu^e  of  the  de- 
posit and  the  sides  of  the  bottle  to  be  covered  with  a  dense  brown  growth  of 
Diatoms.  On  frirther  examination  I  found  an  immense  colony  of  Campylo^ 
diseiiBy  which  gave  by  preparation  some  beautifdlly  pure  slides  of  this  species. 
In  removing  iSie  upper  layer  I  purposely  left  a  few  of  the  frustules  in  the 
bottle,  which  was  again  placed  in  the  window.  These  have  again  increased 
to  a  great  extent,  and  now  (December  1857)  they  appear  to  thrive  in  perfect 
health.  Does  not  this  occurrence  suggest  an  easy  plan  of  procuring  in  a 
pure  state  such  forms  as  are  rarely  found  together  in  any  abundance  ?  " 

Gbookaphical  DisiRiBiTTioir. — Species  of  DiatomeaB  are  for  the  most  part 
distributed  over  a  very  wide  geographical  area.  Some,  indeed,  would  seem 
cosmc^litan,  whilst  others  are  limited  to  certain  regions.  For  instance,  the 
Terpdnoe  has  not  been  discovered  in  Europe;  and  8ynedra  Entomon  is 
reckoned  by  Ehrenberg  as  peculiarly  a  South  American  production.  This 
author  has  given  full  force  to  this  seeming  fact,  and  employed  it  in  the  en- 
deaTonr  to  discover  the  origin  and  course  of  meteoric  dust,  and  also  to  arrive 
at  certain  geological  dedifctions.     For  example,  he  says  {MoTusUh,  Berlin^ 
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Akad.  1849),  "  The  chain  of  rocky  mountains  trayersing  the  continent  of 
North  America,  forms,  with  reference  to  the  distribution  of  Infiisoiia,  a 
stronger  barrier  between  California  and  Oregon,  and  the  rest  of  the  continent, 
than  does  the  Pacific  Ocean,  with  China,  between  the  western  plains  of 
North  America  and  the  region  of  Siberia.  Thus,  the  United  States,  wiUi 
Mexico,  never  present  any  of  the  forms  characteristic  of  Oregon  and  CaH- 
fomia,  whilst,  on  the  other  hand,  the  peculiar  forms  of  these  latter  countries 
are  met  with  in  Siberia.  All  this  is  remarkably  confirmed  in  this,  that  the 
gold  region  of  the  Sacramento,  in  the  extent  and  abundance  of  its  Infusorial 
products,  finds  its  parallel  only  in  Siberia." 

This  presumed  fact  of  limited  geographical  distribution  is  thus  applied 
by  Ehrenberg  in  another  paper  {Monatsb.  1846) : — <<  The  atmospheric  dust 
which,  since  1830,  has  fallen  in  liie  Atlantic  Ocean  as  &r  as  800  miles  west 
from  Africa,  on  the  Cape  de  Verde  Islands,  and  even  in  Malta  and  Genoa, 
has  been  all  of  an  ochre-yellow  colour,  never  grey  like  the  dust  seen  in  the 
north  of  Africa,  and  consists  of  from  ^th  to  ^rd  of  organic  particles  referable 
to  90  species,  the  greater  number  of  which  are  of  freshwater  habit,  and  found 
equally  in  the  most  widely  separated  regions  named.  This  dust,  even  in 
Genoa,  whence  it  is  carried  by  the  Sirocco  wind,  contains  no  characteristic 
African  forms,  but,  on  the  contrary,  presents  the  Synedra  Entonumy  a  deci- 
dedly characteristic  species  of  South  America."  From  his  observations  cm 
this  meteoric  dust,  Elurenberg  condudee  that  there  is  a  current  of  air  uniting 
Africa  and  America  in  the  region  of  the  trade  winds,  and  occasionally  directed 
towards  Europe.  On  the  other  hand,  their  wide  dif^ision  is  exemplified  in  Dr. 
Hooker*s  Report  on  the  Diatomaceous  vegetation  of  the  Antarctic  sea  {Brit. 
As9oe,  1847) : — ''  The  genera  and  species  of  DiatomaoesB  collected  within  the 
Antarctic  sea  are  not  at  all  peculiar  to  those  latitudes ;  on  the  contrary,  some 
occur  in  every  country  between  Spitzbergen  and  Victoria  Land.  Others,  and 
even  some  of  these,  have  been  recognized  by  Ehrenbeig  as  occurring  fossil 
in  both  Americas,  in  the  south  of  Europe  and  north  of  Africa,  in  Tripoli 
stone  and  in  volcanic  ashes  ejected  both  from  active  and  extinct  volcanos, 
whilst  others  again  exist  in  tiie  atmosphere  overhanging  the  tropical  At- 
lantic." 

Prof.  Smith  has  the  following  remarks  on  cosmopolitan  or  very  widely- 
diffused  species  (Synops.  ii.  p.  xxvii)  : — 

'*  Of  freshwater  species  frequent  in  the  British  Islands,  the  following  seem 
almost  cosmopolitan,  viz.  Synedra  radians,  Pinnularia  viridis,  Pinmilaria 
borealis,  and  Cocconema  lanceolaium.  Gatherings  from  many  localities  in 
Europe,  from  Smyrna  and  Ceylon,  from  the  Sandwich  Islands,  New  Zealand, 
and  New  York,  from  the  loftiest  accessible  points  of  the  Himalaya  in  Ana, 
and  the  Andes  in  America,  have  supplied  specimens  of  these  forms. 

"  Navicida  serians  abound  in  all  our  mountain  bogs,  and  is  equally  common 
in  the  marshes  of  Lapland  and  America. 

"  Epithemia  gibha  is  an  inhabitant  of  the  Geysers  of  Iceland  and  the  lakes 
of  Switzerland. 

''The  South  Sea  Islands  supply  Stauroneis  acuta,  and  Ceylon  Synedra 
Ulna,  while  Stauroneis  PJictnicenteron  is  equally  abundant  in  Britaia,  Sicily, 
and  Nova  Scotia. 

*'  These  notes  of  localities  will  give  some  idea  of  the  wide  distribution  of 
our  fluviatile  BiatomacesB :  more  numerous  gatherings  would,  no  doubt, 
greatly  extend  the  list ;  and  the  following  circumstance  will  show  how  gene- 
rally our  commoner  British  forms  are  dif^ised  throughout  European  localities 
that  have  been  carefully  examined.  During  a  tour  in  Languedoc  and  the 
Auvergne  in  the  spring  of  1854, 1  made  upwards  of  forty  gatherings  from 
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the  riTen,  streams,  and  lakes  of  the  district  I  traTorsed.  In  these  I  detected 
130  q)ecie8,  and  but  one  form  not  yet  determised  as  indigenous  to  Britain. 
If  this  be  the  case  with  a  district  much  of  whose  Phanerogamous  flora  is  so 
<fii9rient  from  oup  own,  it  bears  out  the  view  I  have  taken,  that  these  or- 
Sanisras  enjoy  a  range  of  distribution  tax  more  general  than  the  higher  orders 
ofpIant-Hfe. 

*'  Nor  is  the  distribution  of  marine  species  less  notable  for  its  extent  and 
uniformity.  Coseinodiscus  eeeentneus  and  C,  radiatus  range  from  the  shores  of 
fcitain  to  those  of  South  Africa.  ChammatopTiora  marina  and  O,  maeilenta  are 
foond  in  almost  eveiy  marine  gathering  fix)m  the  Arctic  Ocean  to  the  Mauri- 
tins.  Slauroneis  pukhella,  Cocconeis  Scutellum,  and  Biddvlphia  puJcheUa  are 
equally  abundant  on  the  European,  the  American,  and  the  African  coasts, 
while  Rhabdonema  Adriaticum  belies  its  name  by  its  occurrence  in  the  Indian, 
Atkntie,  and  Pacific  Oceans.  During  the  researdies  already  mentioned,  in  the 
fiottth  of  France,  I  made  several  prolific  gatherings  on  the  shores  of  the  Gulf 
of  Lyons;  but,  of  33  forms  occurring  in  these,  Hyahsira  delicatuifa,  Etitz., 
^ns  the  only  one  not  &miliar  to  me  as  a  British  species." 

The  sappositLon  that  many  species  of  Diatomeee  occupy  a  very  limited  geo- 
gnphieal  area,  and  that  considerable  nimibers  have,  in  course  of  ages,  disap- 
peared or  become  extinct,  as  many  animal  and  vegetable  organisms  have  done,  • 
wai  thus  ably  examined  by  the  lamented  Dr.  Gr^ory  in  a  communication  to 
the  Royal  Society  of  Edinburgh,  made  in  1856  (Proe.  Boy.  8oe.  Edin.  1856- 
57,  p.  442X  The  subject  of  discussion  is  introduced  in  his  notice  of  Na* 
^ioda  praiexta^  a  form  previously  considered  only  fossil  '*  I  have,"  he  says, 
"^  selected  this  form  because  the  bed  in  which  it  occurs  fossil  is  the  oldest  in 
which  Ehrenbeig  has  found  any  Diatoms.  He  has  indeed  found  microscopic 
oiguisms  in  the  chalk,  and  even  in  older  rocks,  among  which  he  mentions 
the  mountain  limestone  and  the  Silurian  greensand.  But  the  forms  in  the 
two  latter  rocks  are  not  numerous,  and,  as  well  as  those  which  abound  in  the 
f  htEk,  belong  to  the  Foraminifera  or  to  the  Polycystina,  not  to  the  Diato- 

maoea In  short,  I  have  no  hesitation  in  saying,  that  I  believe  all  the  forms 

in  the  JSgina  day-marl,  which  is  the  oldest  Diatomaceous  deposit  yet  de- 
aerihed,  wOl  be  found  living  on  our  coast."  The  stratum  at  iBgina  belongs 
either  to  the  chalk  formation,  or  to  the  oldest  tertiary  or  Eocene  beds. 

Dr.  Gregory  continues,  ''  It  may  also  be  observed  that,  of  all  the  forms 
%Qrod  by  Elurenbeiig  frt>m  more  recent  strata,  whether  miocene,  like  the  bed 
on  which  the  town  of  Bichmond  (Yiiginia)  is  built,  and  several  Idnds  of  fierg- 
mehl — or  pliooene,  like  other  Berg-mehls  or  polishing-slates,  &c. — or  still 
mote  recent,  the  great  majority  aro  perfectly  identical  with  existing  Diatoms. 
Indeed,  although  many  forms  are  stated  in  Ehrenberg's  earliest  writings  to 
be  fosnl  only,  and  have  been  supposed  to  be  extinct,  &e  progress  of  obser- 
vation is  continually  adding  to  the  number  of  species  which  are  found  also  in 
the  recent  state.  Thus,  for  example,  the  whole  group  of  dentate  EtmoticBy 
which  abound  in  tiie  Lapland  and  Finland  Berg-mehls,  wero  long  thought  to 
be  only  fossil ;  but  they  have  been  nearly  aU  found  in  America,  and  I  have 
mjself  seen  several  of  them  recent  in  this  country.  Evmotia  triodon^  long 
sqiposed  to  be  extinct,  occurred  scatterod  in  many  of  the  Scottish  fr^hwater 
gatherings. 

*^  Taking  tfiese  facts  into  consideration,  I  am  led  to  believe  that  we  have  no 
evidence  that  any  species  of  Diatom  has  become  extinct,  as  so  many  species, 
lad  even  genera  and  tribes,  of  more  highly  organized  beings  have  done.  I 
obsCTve  Umt  Mr.  BrightweU  expresses  a  similar  opinion  in  his  valuable  paper 
OB  Ckatoeeras  (J.  M.  S.  iv.  p.  105)." 

Wherefinre  Dr.  Gregory  comes  to  the  conclusion,  that  "  the  whole  of  the 
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species  vfaLch  occur  foissil  will,  ere  long,  be  detected  in  the  recent  state.  It 
is  at  all  events  certain  that  a  very  large  proportion  of  the  Diatoms  found  in 
the  fossil  state  also  occur  in  the  living  state,  and  that  every  day  adds  to  their 
number.  There  is  at  present  no  good  evidence  of  the  existence  of  Diatoms 
earlier  than  the  chalk,  if  so  early.  But  we  must  not  forget  that  the  shells 
of  Diatoms  appear  to  be  altered  by  long  contact  with  carbonate  of  lime,  so 
that  they  may  have  existed  at  one  time  in  the  chalk.  We  find  them,  how- 
ever, in  spite  of  the  action  of  calcareous  matter,  in  the  recent  chalk-marls  of 
Meudon  and  of  Caltanisetta,  which  are  rather  more  recent  than  the  chalk, 
and  probably  of  about  the  age  of  the  day-marl  of  .£gina.  If ,  as  I  believe, 
no  IKatoms  have  become  extinct,  this  may  perhaps  depend  on  their  minute 
size  and  extreme  simplicity  of  structure,  which  probably  render  them  more 
indifferent  to  climatic  changes  than  more  highly  organized  and  larger  beings. 
We  have  evidence,  to  a  certain  extent,  that  this  is  the  case ;  for  by  Ehren- 
berg's  figures  it  appears  that,  in  gatherings  of  recent  Diatoms  from  all  parts 
of  tiie  world,  in  every  possible  variety  of  climate,  the  majority  of  species  are 
identical  with  our  own. 

'<  Diatoms,  therefore,  are  not  materially  affected  by  existing  differences  of 
climate,  and  have  probably  been  Sa  little  affected  by  the  geological  changes 
which  have  occurred,  at  aU  events,  since  the  period  of  the  Eocene  deposits." 

Geological  Ixportaitce  of  Diatomeje. — ^Fossil  Aocumttlations. — Although 
so  exceedingly  minute  and  apparently  insignificant  in  comparison  with  the 
animals  and  plants  usually  claiming  our  notice,  yet,  by  their  excessive  multi- 
plication and  accumulation,  they  assume  even  a  greater  importance,  in  the 
physical  history  of  the  earth,  than  the  largest  trees  or  animals  with  which 
we  are  acquainted.  This  lesson  is  taught  us  by  living  examples  of  these 
microscopic  beings  constituting  appreciable  masses,  and  by  innumerable  in- 
stances where  only  the  silicious  skeletons  remain,  in  a  fossil  or  semi-fossil 
cdndition. 

Ehrenberg  thus  illustrates  their  rapidity  of  production  and  accumulation. 
*^  SUicious  Infusoria,"  he  says,  <<form,  in  stagnant  waters  during  hot  weather, 
a  porous  layer  of  the  thickness  of  the  hand.  Although  more  than  100,000,000 
weigh  hardly  a  grain,  one  may  in  the  course  of  half-an-hour  collect  a  pound 
weight  of  them ;  hence  it  will  no  longer  seem  impossible  that  they  may  build 
up  rocks.  However,  one  of  the  most  striking  examples  of  the  operation  of 
IHatomeeB  as  a  physical  agency  on  a  laige  sccde,  is  afforded  by  Dr.  Hooker's 
observations  addressed  to  tiie  British  Association  (Rq>ortf  1847).  He  says — 
"  The  waters,  and  especially  the  newly-formed  ice  of  the  whole  Antarctic 
Ocean,  between  the  parallels  of  60^  and  80^  south,  abound  in  DiatomacesB, — so 
numerous  as  to  stain  the  sea  everywhere  of  a  pale  ochreous  brown,  the  surfoce 
having  that  colour  as  far  as  the  eye  can  reach  from  the  ship.  Though  pecu- 
liarly abundant  in  the  Icy  Sea,  these  plants  are  probably  uniformly  dispersed 
over  the  whole  ocean,  but,  being  invisible  from  their  minuteness,  can  only  be 
recognized  when  washed  together  in  masses,  and  contrasted  with  some  opake 
substance.  They  were  invariably  found  in  the  stomachs  of  Salpse  and  of  other 
sea  animals,  in  all  latitudes  between  that  of  the  tropic  and  the  highest  parallel 
attained  in  the  Antarctic  expedition.  Their  death  and  decomposition  produce 
a  submarine  deposit  or  bank  of  vast  dimensions,  consisting  mainly  of  their 
silicious  shields,  intermixed  with  Inftisoria  and  inoiganic  matter.  Its  position 
is  from  the  76th  to  the  78th  degree  of  south  latitude,  and  occupies  an  area 
400  miles  long  by  120  wide,  l^e  lead  sometimes  sank  two  feet  in  this  pasty 
deposit,  and  on  examination  showed  the  bottom  made  up  in  great  measure  of 
the  species  now  living  on  the  surface.  This  deposit  may  be  considered  as 
resting  upon  the  shores  of  Victoria  Land  and  of  the  Barriers,  and  hence  on  the 
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nbuarine  flanks  of  Mount  Erebus,  an  actiTe  Tolcano  12,000  feet  high.  From 
tlie  &ct  iliat  IHatomeaB  and  other  organisms  enter  into  the  formation  of 
pmdce  and  ashes  <^  other  volcanos,  it  is  perhaps  not  unreasonable  to  con- 
jectoie  that  the  subterranean  and  subaqueous  forces,  which  keep  Mount 
bebns  in  activity,  may  open  a  direct  communication  between  this  Diato- 
naoeoos  deposit  and  its  volcanic  fires.  Moreover,  this  bank  flanks  the  whole 
kngUi  of  Vietoria  Barrier,  a  glacier  of  ice  400  nules  long,  whose  seaward 
ed^  floats  m  i^e  ocean,  whilst  its  landward  extends  iu  one  continuous  sweep 
ftm  ^e  erater  of  Mount  Erebus  and  other  mountains  of  Victoria  Land  to  the 
aea.  The  progressive  motimi  of  such  a  glacier,  and  accumulation  of  snow  on 
its  soi&oe,  must  result  in  its  interference  with  the  deposit  in  question,  which, 
if  ef?er  raiised  above  the  sur&oe  of  the  ocean,  would  presetit  a  stratified  bed 
of  rock  whieh  had  been  subjected  to  the  most  violent  disturbances.'' 

But  instances  of  the  abundance  of  silicious  organisms  in  sea-  or  river- 
bottoms  are  to  be  met  with  nearer  home,     Mr.  Boper  has  explored  the  mud 
of  the  Thames  (J.'M.  8.  1854,  p.  68) ;  and  he  tells  us  that,  excluding  the 
cotorae  sand,  nearly  one-fourth  of  the  finer  part  of  the  residuum  is  entirely 
eompoeed  of  the  sUicious  valves  of  different  species  of  Diatomese, — *'  marine 
knoB  prevailing.'^    This  writer  also  quotes  the  experience  of  Ehrenberg, 
who,  inth  respect  to  the  mud  of  the  Elbe,  has  established  the  remarkable 
fiwi  that  at  (Huckstadt,  a  distance  of  40  miles,  and  even  above  Hamburg, 
iq>wards  of  80  miles  above  the  mouth  of  the  river,  marine  silicious-shell^ 
hddmatBL  were  found  alive,  and  their  skeletons  deposited  in  it  in  such  abun- 
dsaoe,  that  at  the  former  locality  they  form  from  one-quarter  to  one-third  of 
the  entire  mass,  and  that  th^  proportion  is  still  about  one-half  that  amount 
at  Hambo^,  as  &r  as  the  flood-tide  extends.    All  his  observations  gave  a 
great  predominance  of  marine  over  freshwater  species,  even  when  the  salt 
taste  of  the  water  was  no  longer  perceptible.     His  examination  of  the  mud 
of  the  Scheldt  and  Ems  funushed  similar  results,  as  did  that  of  the  marine 
depont  in  various  httoral  r^ons  of  the  North  Sea  and  Baltic. 

Bererting  to  the  Thames  deposit,  Mr.  Koper  expresses  his  belief  that  the 
aliekMis  shells  *^  have  a  perceptible  influence  in  the  formation  of  shoals  and 
mnd-banks  in  the  bed  of  the  river. . . .  And  the  great  abundance  and  general 
distzibotion  of  species  serve  to  illustrate  the  occurrence  of  similar  deposits 
im  a  fbosQ  state  at  localities  now  ikr  removed,  by  alterations  iu  the  earth's 
BoAce,  from  the  streams  or  harbours  in  which  they  were  originally  de- 
posited. 

"  Another  point  worthy  of  attention  is  the  influence  of  these  organisms 
IB  the  fbrmation  of  deltas  at  the  mouths  of  largo  and  slowly-flowing 
rirers — eoch,  for  instance,  as  the  Mississippi,  iu  which  the  mean  velocity  of 
the  enrrent  at  New  (Means  is  only  about  one  mile  and  a  half  per  hour  for 
the  whole  body  of  water.  Sir  Charles  Lyell,  from  experiments  on  the  pro- 
portion ci  sedmient  carried  down  by  the  river,  has  calculated  that,  taking  the 
■tea  of  the  delta  at  13,600  square  miles,  and  the  quantity  of  solid  matter 
Wooght  down  annually  at  3,702,758,400  cubic  feet,  it  must  have  taken  67,000 
jeara  for  the  whole  delta.  Now,  as  the  silicious  frnstules  of  the  DiatomesB 
ire  secreted  from  the  water  alone,  and  would  most  probably  be  extremely 
thimdBBt  in  so  sluggish  a  stream  (especially  as  Prof.  Bailey  has  found  both 
Barine  and  freshwater  species  abundant  in  the  rice-grounds),  there  can  be 
littie  doubt  that,  without  taking  the  larger  proportion  noticed  by  Ehrenberg 
in  the  Elbe,  even  if  it  were  conmderably  less,  it  would  reduce  the  above 
period  by  several  thousand  years ;  and^  the  same  caus^  would  probably  apply 
with  equal  force  to  the  Ganges  and  Nile.  Ehrenberg  conadered  that,  at 
PEDan,  there  are  annually  deposited  from  the  water  from  7200  to  14,000 
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eubic  metres  of  fine  microscopic  organisms,  which,  in  the  course  of  a  oentory, 
would  give  a  deposit  of  from  720,000  to  1,400,000  cubic  metres  of  inAisoir 
rock  or  Tripoli  stone," 

Another  fact  exemplifying  the  widely  pervading  presence  of  silidous  In- 
fusoria was  revealed  by  tiie  experiments  of  Ehrenberg,  viz.  their  existence 
in  a  living  state  in  moist  earth  beneath  the  surfeu^,  the  only  vital  condition 
necessary  being  a  small  quantity  of  moisture.  The  presence  of  their  r^nains 
at  considerable  depths  in  mud  also  is  well  exemplified  by  the  experimental 
borings  made  by  Mr,  Okeden  (J,  AT.  S.  1854,  p.  26)  at  Neyland,  a  creek  of 
Milford  Haven,  where  deposits  rich  in  Diatomaceous  remains  of  marine  or 
brackish  and  freshwater  character  occurred  at  the  depth  of  20,  30,  and 
40  feet. 

The  preceding  illustrations  will  suffice  to  show  the  active  share  taken  by 
the  IHatome®  at  the  present  day  in  the  ever-occurring  changes  of  the  earth's 
surface ;  others  must  now  be  adduced  to  exemplify  their  influence  in  the  past 
physical  changes  of  the  globe.  These  examples  are  so  mmi^rous,  and,  relative 
to  other  phenomena,  so  important,  that  it  is  embarrassing  to  make  a  selection. 
Ehrenberg  is  the  most  assiduous  cultivator  of  this  department  of  knowledge. 
He  has  personally  examined  deposits  collected  from  almost  every  country  of 
the  world,  and  described,  with  illustrative  plates,  the  genera  and  species  he 
has  encoimtered  in  them,  in  his  recent  large  work  the  Mikrogeohgiey  1855. 
One  of  the  most  striking  and,  to  his  mind,  unique  instances  of  a  Diatoma- 
ceous deposit,  formed  at  a  remote  or  geological  period,  he  has  shown  to  exist 
in  North  America,  on  the  banks  of  the  Columbia  Biver. 

The  river  of  Columbia,  in  its  course  at  Plac^-du-Camp,  runs  between  two 
precipices  700  to  800  feet  high,  composed  of  porcelain-clay  500  feet  thick, 
covered  over  by  a  layer  of  compact  basalt  100  feet  thick,  on  which,  again,  some 
volcanic  deposits  exist.  The  clay  strata  are  of  very  fine  grain,  and  vary  in 
colour ;  some  are  as  white  as  chalk.  Dr.  Bailey  has  shown,  from  some  por- 
tions submitted  to  him  by  Col.  Fremont,  that  this  apparently  argillaceous  layer 
is  entirely  composed  of  freshwater  Infusoria.  Its  perfect  purity  from  sand 
shows  that  it  is  not  a  drift,  but  has  been  formed  on  the  spot.  By  its  immense 
thickness  of  500  feet,  this  layer  of  bioUthic  Tripoli  far  surpasses  any  similar 
layers  elsewhere,  which  attain  ordinarily  only  one  or  two  feet  thickness, 
although  those  of  Luneburg  and  Bilin  have  a  depth  of  40  feet.  Some  beds 
we  also  know  elsewhere  having  70  feet ;  yet  such  are  not  pure,  but  inter- 
sected by  strata  of  tufa  or  of  other  material. 

A  very  pure  Diatomaceous  deposit  has  been  met  with  by  Dr.  Gregory  in 
the  island  of  Mull,  which  when  dry  is  almost  white,  and  much  resembles 
chalk,  being  light,  pliable,  and  adherent  to  the  fingers  (T.  M,  S,  1853,  p.  93), 
and  in  composition  hardly  contains  anything  besides  silicious  organic  remains 
**  for  the  most  part  entire,  but  with  some  fragments ;  other  portions  which 
are  denser  contain  also  many  fragments  of  quartz  of  various  sizes,  and  vast 
numbers  of  comminuted  fra^ents  of  loriccB."  Prof.  Smith  {Synops,  voL  i. 
p.  xii)  says — "Districts  recovered  from  the  sea,  in  the  present  or  other 
periodis  of  the  earth's  history,  frequently  contain  myriads  of  such  exuvise 
forming  strata  of  considerable  thickness."  Examples  of  this  nature  in  our 
own  coimtry  are  met  with  in  "  the  ancient  site  of  a  mountain  lake  in  the 
neigh^urhood  of  Dolgelly,  localities  of  a  similar  kind  near  Lough  Island- 
Reavey  in  Down,  and  Lough  Moume  in  Antrim."  Mr.  Okeden  condudes, 
from  facts  collected  by  borings  in  the  mud  of  some  creeks  and  rivers  of 
South  Wales,  "  that  not  the  surface  merely,  but  the  whole  mass  of  the^ 
tidal  deposits  is  penetrated  by  these  minute  and  wondrous  organisms,  while, 
from  the  feet  of  their  being  found  at  Neyland  at  a  dnpth  of  40  feet  below  the 
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pesent  sai&ce,  and  doee  upm  the  rock  which  forms  the  original  bed  of  this 
estoiuyy  the  mind  is  irresistibly  led  to  the  condusicm  that  they  have  existed 
there  &om  the  time  when  the  waters  first  rdled  over  the  spot." 

Berg-mehly  Tripoli,  and  other  polishing-powders,  the  stratified  deposits  at 
Bilin  in  Bohemia  and  in  .£gina,  and  numerous  others  examined  and  reported 
on  by  yarions  microeeopists  might  likewise  be  adduced  to  demonstrate  the 
important  pcurt  {dayed  by  these  individually  invisible  beings,  when  accumu- 
latod  in  countless  myriads^  in  the  construction  of  the  earth's  crust. 

The  Oolitic,  and  even  some  earlier  metamoiphic  rocks,  porphyritic  rocks, 
&c.,  are  not  wanting,  according  to  Ehrenberg,  in  species  of  Liatomes ;  but 
in  the  Pliocene,  Mniccne,  £ocene,  and  in  chalk  and  flint,  and  still  more  in 
the  tertiary  deposits,  the  abundance  and  variety  oi  forms  are  greater.  Diato* 
maceous  shells  are  curiously  preserved  to  us  in  large  abundance  and  perfect 
tion  in  goano,  in  which  they  have  doubtless  enten&d  as  a  component  in  the 
way  of  mixture  with  food  taken  by  the  birds  which  have  deposited  that 
manore. 

The  foregoing  &cts  teadi  us  that  probably,  in  the  present  condition  of  our 
planet,  no  portion  of  its  surface  is  destitute  of  Infusorial  life ;  and  now,  from 
the  prosecution  of  microscopic  research  in  coimexion  with  geological  facts, 
it  would  appear  that,  under  this  simplest  and  primary  form,  organic  life  made 
its  first  appearance  on  the  globe,  and  has,  during  ihe  many  epochs  of  this 
world's  history,  and  notwithstanding  the  mightiest  dianges  its  sur&ce  has 
undergone,  been  sustained  until  the  present  moment ;  and,  what  is  more,  so 
extraordinary  is  the  capability  of  the  silicious  Diatome®  to  preserve  life,  and 
so  astonishing  their  powers  of  multiplication,  that  species  which  are  now 
found  living  have  their  generic  and  even  their  specific  types  at  the  very 
dawn  of  creation.  Prof.  Ehrenberg  has  advanced  this  same  statement  in  his 
rec^it  work  {MiJcrogeologie)y  saying  that  the  oldest  silidous  Infusoria,  whe- 
ther Garboniferous  or  l^urian,  belong  to  the  same  genera,  and  often  to  the 
same  spedes. 

AsBouTic  DiAiomiB. — Ehrenberg  was  the  first  to  demonstrate  the  he^ 
quent  existence  of  BiatomesB  along  with  other  microscopic  beings  and  or- 
ganic partides  m  tiie  atmosphere,  prindpally  iu  those  showers  of  dust  which 
£bJ1  from  time  to  time  in  various  parts  of  the  world,  and  in  those  other  mete- 
oric products  known  by  the  name  of  <  meteoric  paper '  and  '  blood-rain.'  In 
each  atmospheric  productions,  the  Berlin  naturalist  has  detected  above  a  hun- 
dred q>ecie8 ;  these,  accompanied  by  descriptions  and  figures,  and  prefaced 
by  an  account  of  all  such  atmospheric  phenomena  on  record,  were  pubhshed 
by  Ehrenberg  in  a  large  brochure  entitled  '*  Passatstaub  und  BltUregen,^' 
consisting  of  192  foHo  pages.  An  extract  from  this  book  will  convey  the 
best  attainable  notion  of  the  physical  importance  of  these  aerial  dust-showers. 

The  quantity  of  actual  solid  matter  that  has  fallen  from  the  atmosphere 
by  showers  is  far  more  considerable  than  supposed ;  for,  though  it  falls  in  a 
diffused  dust-like  form,  the  extent  of  surface  covered  at  any  one  time  is 
very  ecmsiderable.  Comparing  it  with  meteorolites,  Ehrenberg  observes  that 
the  total  quantity  of  these  stones  which  fell  between  1790  and  1819  wdghed 
600  cwt.,  while  in  a  single  dust-shower  at  Lyons,  in  1846,  the  solid  matter 
weighed  fully  7200  cwt.  Other  dust-storms  in  Italy,  at  Cape  de  Yerd,  and  in 
other  localities  have  exceeded  even  that  at  Lyons,  in  the  quantity  of  matter 
precipitated  to  the  earth;  and  Ehrenberg  su^ests  to  the  imagination  the 
millions  of  tons  that  must  have  fallen  since  the  time  of  Homer.  Lastly,  he 
entertains  the  curious  opinion,  that  this  meteoric  dust  does  not  necessarily 
derive  its  existence  from  the  eetrth's  surface,  and  from  the  force  of  atmospheric 
currents,  but  from  some  general  law  of  the  atmosphere,  according  to  which 
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the  living  organisms  mainly  composing  it  may  have  the  power  of  sdf- 
development  in  the  air. 

UsBs  OF  DiATOMACBOUS  DEPOSITS. — ^The  utility  and  possible  and  probable 
purposes  of  these  minute  organisms  to  mankind  have  not  yet  met  with  due 
consideration.  Their  relation  to  the  soil,  in  which  they  are  so  abundant, 
and  their  influence  on  its  fruitfdlness  are  matters  only  incidentally  reflected 
on  by  auiliors.  "  Sufficient  attention/'  remarks  Prof.  Gr^ory  {J.  M.  8. 
1855,  p.  2),  **  has  not  yet  been  paid  to  Uie  fiBM^t  of  Uie  invariable  presence  of 
DiatomesB  in  all  earths  in  whidi  plants  are  found.  Ehrenberg,  in  his  Ml- 
krogeologUf  has  estabUshed  the  f^  as  a  universal  one,  and  pointed  out  the 
important  bearing  it  has  on  the  growth  of  the  soil.  Indeed,  it  is  difficult  to 
imagine  a  more  dOEectual  agent  in  the  traoisference  of  silica  from  the  waters 
to  the  solid  earth  than  the  growth  of  Diatomeaef,  the  shells  of  which  are  as 
indestructible  as  their  multiplicati(m  is  rapid.  Ehrenbeig  is  of  opinicm  that 
they  live  iu  the  soil  as  well  as  in  water ;  and  the  constant  presence  oi 
moisture  in  the  soil  renders  this  conceivable.  Although  the  proportion  of 
sUicious  matter  dissolved  in  ordinary  water  is  but  small,  it  is  evidently 
sufficient  to  supply  the  shells  of  millions  of  Diatoms  in  a  very  short  time  ; 
and  it  is  therefore  probable  that,  as  fast  as  it  is  extracted  from  the  water  by 
them,  it  is  dissolved  from  the  rocks  or  earths  in  contact  with  the  water,  so 
that  the  supply  never  fedls." 

Mr.  Boper  has  also  suggested,  from  the  consideration  that  the  best  samples 
of  guano  contain  the  greatest  number  of  these  sOicious  skeletons,  which 
doubtless  serve  to  replace  the  large  amount  of  silica  abstracted  from  the  soil 
by  the  cereal  crops,  that  it  is  probable  tliat  the  deposits  of  many  of  our 
rivers  would  have  a  beneflcial  eflect  if  applied  to  Uie  land ;  and  it  rests  with 
the  microscopist  to  point  .out  the  most  favourable  localities  for  obtaining 
them.  Ehrenbeig  notices  an  instance  where  this  has  been  done  in  Jutland, 
where  a  blue  sand  abounding  in  calcareous  and  silidous  shells  is  collected, 
and  greatly  increases  the  fertility  of  the  arable  soil  to  which  it  is  applied ; 
and  Prof.  Bailey  also  states  that  the  mud  of  Newhaven  harbour  is  used  as  a 
fertilizer,  and  is  found  to  contain  58*63  per  cent,  of  silica.  The  anth<» 
last-named  has  moreover  adduced  instances  to  prove  that  the  great  fertility 
of  ihe  rice-flelds  of  South  Carolina  is  mainly  due  to  their  richness  in  Diato- 
maceous  remains.  This  notion  is  strengthened  by  the  examinations  of 
Ehrenberg,  and  by  the  commonly  observed  fsuct  of  the  occurrence  of  Diatomese 
about  the  roots  of  plants,  especially  of  the  cereals,  which  demand  a  large 
supply  of  silidous  material  to  construct  their  stems. 

Dr.  Hooker  (op>  cit,)  contends  that  the  abundant  Diatomaceous  deposits  of 
the  South  Pole  supply  ultimately  the  means  of  existence  to  many  of  the 
smaller  denizens  of  the  ocean,  and  that  they  keep  up  that  balance  between 
the  animal  and  the  v^;etable  kingdom  whidi  prevails  through  all  other  lati- 
tudes* He  adds  that  they  probably  purify  the  vitiated  atmosphere,  just  as 
plants  do  in  a  more  temperate  region. 

In  Uie  arts,  the  remains  of  Diatomaceous  sheUs,  as  the  chief  ingredients  in 
certain  deposits,  are  brought  into  use  as  polishing-powder  under  the  name  of 
Tripoli,  and  also,  as  an  extremely  fine  and  pure  silidous  sand,  in  the  manu- 
facture of  porcelain.  The  powder  called  Tripoli  has  various  origins,  and 
dijQTers  in  the  microscopic  organisms  it  contains.  Spedee  of  Mdosira  espedally 
abound — for  instance,  of  Melosira  varians,  Ehrenberg  informs  us  tiiiat  ihe 
Tripoli  of  Jastraba  in  Hungary  and  that  from  Cassel  resemble  each  other  in 
their  component  species. 

A  very  remarkable  application  of  a  deposit  of  DiatomesB  is  its  use  as 
an  article  of  food,  under  the  pressure  of  want,  by  the  wretched  inhabitants  of 
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aome  inhospitable  and  barren  districts  of  Europe — Ibr  instance,  in  Bome 
kealities  of  Lapland  and  of  Hungary,  and  in  other  parts  of  the  worid. 
Buenbei^  mentioiis  a  sort  of  earth  under  the  name  of  '*  Tanah,"  eaten  in 
Ssmarang  and  Java,  which  overlays  some  moontains  of  Java  at  seToral  places 
at  a  hei^t  of  4000  feet.  It  is  generaUj  soHd,  plastic,  and  sticky ;  it  is 
loUed  and  dried  in  the  shape  of  small  sticks  oyer  a  charcoal  fire,  and  is  eaten 
as  a  delicacy.  An  examination  of  this  earth  discloaed  8  or  4  species  of 
PdygaBtriea  and  13  of  Fhytolitharia. 

It  has  been  attempted  to  make  the  eped&e  duoaoten  of  Biatomaeeoiis  de- 
posits of  critical  value  in  deciding  on  the  date  and  s<q)erpo8ition  of  rocks. 
Howeyer,  the  geographical  distribution  of  these  beings  is  as  yet  insufficiently 
known ;  and  every  day  reveals  the  fact  that  species  deemed  peculiar  to  some 
one  locality  are  to  be  found  in  others,  and  to  have  at  least  a  very  wide  range. 
We  have  alrcMfy  quoted  some  exam];^  of  apparent  limited  difiusion  in  our 
remarks  on  geographical  distribution ;  it  is  therefore  not  necessary  to  illustrate 
the  subject  further  in  this  place. 

The  circomstance  that  some  one  or  two  species  seem  at  times  peculiar  to  a 
nei^bouriiood,  has  encouraged  antiquarians  to  seize  on  it  with  the  hope  of 
determining  the  locality  whence  the  clay  was  procured  from  which  ancient 
speeimens  oi  pottery  or  porcelain  were  manufactured. 

Another  practical  purpose  to  which  the  sheUs  of  Diatomee  have  been  put 
is  as  test-objects  for  microscopes,  the  penetrating  and  defining  powers  of  which 
are  measured  by  their  ability  to  detect  and  demonstrate  ti^e  existence  and 
nature  of  certain  maikings  on  the  surfoce  of  the  silicious  epiderm — such, 
for  example,  as  the  striae  oi  Pleurosigma. 

Ox  IHB  XATUSB   OF   DlATOXB^    WmtTHIEIt   AlTIMAUi  OB  PlAXTB VAXIOrS 

HTPoiHBns. — ^The  nature  of  the  Diatomese  is  still  a  much- vexed  question, 
akhoog^  the  (^anion  of  those  naturalists  who  hold  them  to  be  plants — ^mem- 
bers of  the  great  family  (A  Algse — ^preponderates.  Ehrenbeig  assumed  their 
finimal  nature,  and  persuaded  himself  of  the  existence  of  a  complicated  organi* 
atioD,  such  as  neitiier  the  researches  of  others  can  confirm  nor  analogy  sup- 
port In  his  latest  papers  on  Organisation,  he  has  insisted  most  strongly  on 
the  iq^parent  successfrd  feeding  of  these  organisms  witl^  particles  of  colour 
which  entered  within  their  interior.  These  experiments  are  not  satisfiictory, 
and  have  foiled  in  the  hands  of  others ;  it  is  besides  quite  dear,  that  the 
umbilicus,  at  i^rhich  he  represented  the  colour-granules  to  enter,  is  no  real 
opening  in  the  lorica,  but  a  thickening  of  its  epiderm. 

Prof.  Meneghini,  now  many  3rear8  ago,  penned  a  learned  treatise  to  prove 
iheanimality  of  thcDiatomcffi;  but  althou^  he  offered  many  ingenious  argu- 
ments to  support  his  opinion,  he  did  not  succeed  in  establishing  it.  Many  de- 
tails of  structure  and  organization  and  micro-chemical  characters,  urged  by  him 
in  fovour  of  their  animal  nature,  have  been  considerably  modified  or  entirely 
set  aside  by  subsequent  researches ;  and  the  general  argument,  that  the  varia- 
tum  from  recognized  plants  is  in  many  particulars  very  marked,  has  only  a 
comparative  or  relative  force,  according  to  the  extent  of  differential  structure 
of  Miimftlif  which  may,  on  the  other  hypotliesis,  be  set  forth  and  proved. 

Hie  distingmshed  Italian  naturalist  indeed  limits  his  design  in  the  treatise 
before  us  (On  the  Animal  nature  of  the  Diatomeae,  B.  S.  1853)  to  disputing 
Kutzing's  arguments  for  their  vegetable  nature,  saying  (p.  365),  "  Whilst 
miable  to  confirm  or  refrite  the  opinions  of  Ehrenberg,  we  seem  to  have 
observed  foots  sufficient  to  disprove  those  of  Kiitzing." 

On  this  same  side  are  ranged  Focke,  Eckhardt  (a  pupil  of  Ehrenberg),  and 
Prof.  Bailey,  who  express  their  inability  to  reconcile  some  of  the  structural 
details  and  physidbgical  phenomena  wiUi  vegetable  organization*     Schleidcn 
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perhaps  should  also  be  reckoned  of  the  nunfber,  since  he  remarks,  in  his  de> 
scription  of  the  shield  of  a  Navfcuta,  that  ''such  an  artificial  and  oomplicated 
structure  amongst  plants  has  no  explanation,  and  is  entirely  without  signifi- 
cation. In  all  actual  plants  we  find  the  silica  present  in  quite  a  different 
form,  as  little  separate  scales  or  drops,  and  distributed  through  the  substance  of 
the  cell-wall." 

In  favour  of  the  vegetable  nature  of  the  DiatomeaB,  on  the  other  hand,  the 
majority  of  the  original  observers  in  this  country  unite  with  many  of  the  most 
distinguished  naturalists  of  the  Contanent,  such  as  Kiitzing,  Siebold,  Nageli, 
Rabenhorst,  Braun,  Cohn,  Meyen,  &c.  The  last  inquirer,  so  long  ago  as  1839, 
urged  various  objections  against  the  presumed  animality  of  the  Desmidica^ 
and  Diatomeaa,  and  more  particularly  against  Ehrenberg's  views.  Respecting 
the  animality  of  the  DiatomesB  (Naviculacea),  he  remarks  generally — "  The 
reasons  adduced  for  such  belief  are  so  weak,  that  the  conclusions  deduced  from 
them  are  yet  for  the  most  part  very  doubtful." 

A  small  number  of  naturalists  have  expressed  the  notion  that  the  Diatomes 
belong  equally  to  the  animal  and  to  the  vegetable  kingdom.  M.  Thuret  may 
be  named  as  one  of  these,  ^oe  he  has  stated  that  there  is  no  more  reason  in 
favour  of  the  one  affinity  than  of  the  other.  Such  an  idea  is  certainly  unphilo- 
sophical;  for  it  would  cut  the  knot  instead  of  loosening  it,  by  the  assumption 
of  an  order  of  organic  beings  intermediate  between  the  animal  and  the  vege- 
table kingdom,  and  undeterminable  to  which  they  belong. 

We  will  now  proceed  to  state  the  leading  arguments  for  the  animality  of 
the  DiatomesB,  indicating  the  name  of  the  writer  suggesting  each,  so  fisir  as 
practicable : — 

1.  The  DiatomesQ — ^many  species  at  least — exhibit  a  peculiar  spontaneous 
movement^  which  is  produced  by  certain  locomotive  organs.* — Ehrenberg. 

2.  The  greater  part  have  in  the  middle  of  the  lateral  sur£Eu^  an  opening, 
about  which  certain  round  corpuscles  are  situate,  which  become  coloured  blue 
when  placed  in  water  containing  indigo,  like  the  '  stomach-cells'  of  many  In- 
fusoria, and  consequently  may  equally  be  r^;arded  as  stomachs. — Ehrenberg. 

8.  The  shells  of  many  Diatomaoes  resemble  in  structure  and  conformation 
the  calcareous  shells  of  G&steropoda  and  similar  MoUusca. — Ehrenberg, 

4.  The  method  of  multiplication  by  selfr-division. — EhrenhergondMeneghini, 

5.  The  complicated  structure  of  the  wall  of  the  frustules,  and  the  characters 
of  the  silidous  deposit. — ScMeiden,  Bailey y  and  Meneghini. 

6.  The  greater  affinity  in  chemical  composition  of  the  contents  (the  endo- 
chrome)  with  animal  than  with  v^;etable  products. — Meneghinu 

Each  of  these  arguments  requires  examination  in  detail,  and  its  yohae  tested. 
To  begin  therefore  with  the  first — ^the  occurrence  of  locomotion  and  the  organs 
by  wluch  it  is  effected,  as  evidences  of  animal  constitution.  Morren,  in  the 
paper  quoted  (Jahresberieht  Akad.  Berlin,  1839),  pointed  out  that  motion  is  not 
confined  to  animals,  but  exhibited  also  by  the  spores  of  AlgsB  and  by  sp^mn- 
atic  particles.  To  these  examples  may  be  added  the  OsciUatorise,  Proto- 
coccus  in  its  various  phases,  Vatuiheria  clavata,  Ulo^rix  zonata^  and  other 
Algffi,  among  which  are  the  now  admitted  genera  of  Yolvocine®.  In  many 
of  these,  the  movements  are  much  more  active  and  lively,  and  present  more 
seeming  spontaneity  than  those  of  any  of  the  Diatoms.  The  employment  of 
the  word  spontaneous  to  signify  the  sort  of  movement  of  these  organism;^  is 
certainly  unjustifiable,  if  understood  at  all  in  its  usual  signification,  ^f  an  act 
originating  in  the  moving  body  directed  to  a  special  purpose ;  for  no  more 
spontaneity  is  manifested  in  the  motions  of  these  silidous  organisms  than  in 
those  of  the  leaves  of  the  Dioncea  muscipula  when  any  particle  impinges  on 
their  sensitivo  hairs.     Meneghini,  in  examining  this  point,  is  compcUed  Ic^ 
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adloit  that  no  absolute  proof  is  dedudble  from  the  movementa  of  the  frusttiksy 
in  Bupport  of  their  ammal  nature ;  and  the  only  difficulty  to  him  against 
admitting  that  they  may  be  vegetable  in  character,  is,  that  they  are  so  dif- 
fident firom  those  of  OsciUatorisB,  DesmidieaB,  and  Protococcoidea), — a  worth- 
less objoetion,  to  bo  sufficiently  answered  by  asking  whether  that  motion  does 
not  di^r  as  widely  from  that  of  any  animals,  and  whether  the  movements  iji 
the  Besmidiefle  are  not  equally  unlike  those  of  the  Oscillatoris  aa  those  of  the 
Protoeoccus, 

The  locomotive  (Hrgans  insisted  on— consisting,  according  to  Ehrenborg,  of  a 
retractile  foot  and  of  retractile  ciliary  processes — ^have  not  been  sufficiently 
demonstrated  to  use  as  an  argument.  Ehrenberg,  Corda,  and  more  lately 
Focke,  are  the  only  observers  who  pretend  to  have  seen  such  organs,  although 
the  organisms  said  to  possess  them  are  subjects  of  daily  minute  research  by 
hmidreds  of  wonder-finding  microscopists.  The  mucous  film  which  invests 
many  Biatomaceous  frustnles  may,  in<ked,  have  been  seen  and  misinterpreted. 
Meneghini  calls  attention  to  a  kind  of  sparkling  or  agitation — actually  a  rapid 
and  indeterminate  change  in  the  refiraction  of  l^ht  at  their  extremities,  which 
he  seems  disposed  to  believe  shadows  forth  the  presence  there  of  some  sort 
of  ciliary  locomotive  organs.  Granting,  however,  that  cilia  were  ascertained  to 
be  the  cause  of  the  movements  perceived,  the  doctrine  of  ^nimality  would  in 
no  way  be  advantaged,  since  cilia  are  not  peculiarly  animal  ntructures. 

According  to  Nageli,  one  sort  of  vegetable  movements  originates  in  the  act 
of  growth.  Of  snch  a  kind  are  probably  the  vibrations  of  the  Oscillatorife ;  and 
possibly  the  motions  of  the  Diatoms  are  in  some  degree  reducible  to  the  same 
category.  And  it  is  to  be  remarked  that  these  motions  are  not  equally  apparent 
and  active  under  all  circumstances,  even  among  specimens  of  the  same  species, 
but  are  most  so  when  the  vital  phenomena  of  the  organisms  are  most  aroused — 
when  the  most  rapid  interchange  of  material  is  going  on  b^ween  the  external 
medium  and  the  internal  cavity. 

2.  The  second  argument  rests  entirely  upon  hypothetical  grounds,  dervred 
from  Ehrenberg's  observations,  and  is  valueless  so  long  as  those  observations 
are  miconfirmed.  It  seems  quite  clear  that  the  central  opening  or  umbilicus 
spoken  of  has  no  real  existence ;  and  if  this  be  so,  then  the  apparent  entrance 
of  colouring  matter  within  a  set  of  corpuscles  situated  around  it  must  be  an 
error  of  observation,  unless  the  unproved  and  improbable  assumption  be  made 
that  the  colour-partides  enter  at  foramina  placed  elsewhere  (as  at  the  extre- 
mities), and  becxnne  transmitted  to  these  centrally  placed  sacs  or  so-called 
stomachs.  Kiitadng  declares  that  the  seeming  entrance  of  colour-granules  is 
the  result  of  mcch^cal  causes,  and  adds  the  more  important  statement  that 
the  central  collection  of  vesicles  is  often  wanting. 

3.  The  third  argument,  that  a  resemblance  obtains  between  the  shells  of 
Badllaria  and  those  of  some  Molluscous  animals,  is,  to  say  the  least,  fanciful, 
and  in  a  scientific  inquiry  can  be  admitted  to  prove  nothing.  If  external 
similarity  proved  anything,  it  might  as  well  be  adduced  to  demonstrate  the 
afllnity  of  a  lead-tree  with  the  higher  plants,  whilst,  again,  the  error  to  which 
this  sort  of  proof  will  lead  is  well  exemplified  in  the  case  of  the  Foraminifera, 
which  from  mere  outward  resemblance  were  for  years  accounted  members  of 
the  Oephalopodous  family.  In  the  latter  instance,  indeed,  the  similarity  in 
external  form  was  very  striking — ^fiar  exceeding  that  of  any  Diatom  with  any 
testaceous  animal. 

Eiitzing,  in  his  review  of  this  assigned  reason  for  their  animality,  meets  it 
in  another  way,  by  observing  that,  among  the  cells  of  higher  plants,  examples 
are  to  be  found  which  in  configuration  and  other  particulars  agree  >vith. Dia- 
toms— ^for  instance,  the  numerous  forms  of  pollen  vnth  their  angles,  spines, 
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&c.  But,  as  Meneghini  remarks,  **  he  might  have  added  the  more  appropriate 
instance  of  the  DeomidieeB,  which  wovld  be  very  closely  allied  to  the  DiatomesB, 
if  the  latter,  like  the  former,  could  be  referred  to  the  vegetable  kingdom.  If 
not  equal  in  constancy  and  r^nlarity,  the  DesmidLese  di^lay  a  greater  degree 
of  complication :  and  we  most  remember  the  difGsrent  nature  of  their  sabstance ; 
for  in  the  vegetable  cell,  when  lime  or  silica  predominates,  the  wall  beoomes 
imiform  and  regular.'* 

4.  Multiplication  by  self-division  was  at  one  time  cited  by  Ehrenben^  as 
peculiarly  an  animal  phenomenon, — a  notion  at  variance  with  the  observations 
of  every  naturalist,  and  now  requiring  no  refutation.  However,  Men^hini 
has  more  recently  advanced  the  statement  that  an  essential  difference  in  the 
process  of  fission  prevails  between  the  DiatomecB  on  the  one  hand  and  the 
DesmidLese  and  AlgsB  in  general  on  the  other,  applying  to  the  former  modifi- 
cation (in  accordance  wi^  Brdbisson's  views)  tiie  t^rm  dedupKcati4m,  to  the 
latter  redv/plication.  To  extract  his  remarks  (op.  dt  368) — **  Division  is 
always  longitudinal,  and  takes  place  undemeaUi  a  fine  external  silicious 
membrane,  by  the  formation  of  contiguous  diaphragm  walls  which  divide  the 
internal  cavity.  Thus  the  contents  are  longitudinally  divided ;  and  this  divi- 
sion is  complete  if  the  two  new  individuals  detach  themselves  and  so  acquire 
individual  liberty.  It  is  imperfect  if  the  fine  silicious  persistent  memlntine 
and  the  secreted  gelatinous  substance  retain  them  connected  together.  This 
mode  of  reproduction  (which  Br^bisson  distinguished  by  the  name  of  d^U- 
cation  and  dedupUeation,  from  the  reduplication  of  De^dieee)  deserves  the 
most  attentive  observation.  The  foregoing  exposition  presents  the  &ct  in  its 
most  rude  and  superficial  general  appearance,  and  makes  us  feel  acutely  the 
want  of  a  more  circumstantial  description  peculiar  to  various  forma  It  is 
only  after  having  established  fiEusts  relative  at  least  to  the  principal  generic 
types,  that  we  can  establish,  on  a  scientific  basis,  the  general  idea  of  multi- 
plication by  duplication.  A  few  observations  suffice,  however,  to  prove  that 
this  does  not  occur  in  so  simple  a  manner  as  we  are  taught  to  believe,  by 
comparing  it  with  that  in  v^^table  cells.  In  the  Achnanthidia,  for  example, 
it  is  described  and  figured  that  the  principal  sur&ces,  which  occupy  the  inter- 
mediate space  between  the  two  superior  and  the  inferior  valves,  commence  by 
presenting  fine  transverse  lines,  and  next  a  strong  longitudinal  line  along  the 
middle ;  tiien  there  appear  two  new  intermediate  valves  contiguous  to  each 
other — ^the  superior  valve  (?)  of  the  new  inferior  individual,  and  the  inferior 
one  of  the  superior.  My  observations  convince  me  that  the  affidr  does  not 
proceed  with  so  much  simplicity.  I  have  often  seen  the  two  lateral  valves 
separated,  and  the  intermediate  space  thus  largely  amplified.  In  other  cases 
there  appeared  only  a  new  inferior  valve  complementary  to  the  superior,  the 
inferior  individual  thus  remaining  incomplete.  Finally,  in  others,  between 
the  complete  superior  individual  and  the  incomplete  inferior  valve,  there 
appeared  a  new  individual  with  both  its  valves,  but  nearer  together,  smaller, 
finer,  with  lines  much  less  distinct."  In  short,  <'  in  this  phenomenon  there 
is  more  complication  than  that  of  a  simple  cellular  dcduplication." 

5.  In  a  previous  page  (p.  88)  we  have  quoted  Schleidon*s  notioe  of  a  dif- 
ficulty in  the  way  of  recognizing  Diatoms  to  be  plants.  It  is  one  likewise 
which  has  presented  itself  to  others,  for  instance,  to  Prof.  Bailey  and  Mene- 
ghini. "  if  we  suppose  them  to  be  plants,"  says  the  latter  writer, "  we  must 
admit  every  frustule,  ev^y  Navieula,  to  be  a  cell.  We  must  suppose  this  oeU 
with  walls  penetrated  by  silica  developed  within  another  cell  of  a  different 
nature,  at  least  in  every  case  where  there  is  a  distinct  pedicle  or  investing 
tube.  In  this  silicious  wall  we  must  recognize  a  complication  certainly  un- 
equalled in  the  vegetable  kingdom."  (op,  cit.  p.  372.) 
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This  critique  of  Meneg^uni  loees  much  <tf  its  foree  when  it  is  noticed  that 
the  existence  of  a  pedicle,  or  isthmus,  or  of  a  muoo-gelatinous  sheath  enrelop- 
ing  the  froBtolee,  is  assnmed  by  him,  qmte  hypothetically,  to  indicate  their 
fivnnation  within  a  cell- wall  represented  by  the  soft  investment, — an  idea 
onginated  by  him  because  he  could  not  admit  of  an  extra-cellular  formation. 
Hie  present  state  of  knowledge,  however,  clearly  recognises  the  not  infrequent 
formatiixi  c^  extra-ceUular  matters  about  cells,  and  consequently  this  portion 
of  the  difficulty  in  question  will  cease  to  have  importance. 

On  the  other  hand,  no  animals  can  be  pointed  out  having  a  similar  complex 
ahdoas  structure,  whilst  an  analogy  may  be,  to  a  certain  extent,  found  with 
tiiie  Desmidiese,  scmie  of  which  have  a  smaU  deposit  of  silica  in  their  envelopes, 
whidi  again  in  some  Diatomaoeous  frustnles  is  very  deficient  (see  p.  37). 

Indeed,  the  affinity  between  the  Desmidie»  and  the  Biatomec  is  manifested 
by  the  diffeirential  characters  which  naturalists  fed  themselves  called  upon  to 
indicate  (see  p.  95). 

Hie  composite  structure  of  the  firustules  is  principally  the  result  of  the  pcr- 
meatioB  of  the  external  tunic  with  silex.  The  little  box  or  capsule,  when 
first  produoed,  represents  a  simple  ^idosed  cell,  imbued  with  more  silica  than 
a  Desmidiaceous  frond,  but  otherwise  not  histologically  unlike.  When  the 
little  being  prepares  lor  self-division,  the  oi^>osite  valves  separate,  much  as 
the  opposed  halves  of  a  frond  of  one  of  the  Desmidie®,  and  Uie  intermediate 
production,  according  to  the  habit  of  the  class,  becomes  penetrated  by  silica 
(to  a  lees  extent,  however,  than  the  original  valves),  and  assumes  so  much  of 
a  permanent  character  that  it  is  very  frequently  considered  an  independent 
tlurd  segment. 

80  again,  the  cellular,  or  areolate,  or  otherwise  figured  and  involuted  Boitace 
of  the  frnstules,  dted  by  Meneghini  as  dissimilar  to  any  plant-structure,  would 
also  appear  to  be  a  consequence  of  this  permeation  of  the  oiganic  membrane 
witii  sQica,  and  of  various  modifications  consequent  thereon.  To  show  that 
analogies  are  not  wanting  in  the  vegetable  kingdom  of  curioudy  modified  and 
figured  cdl-waUs,  we  may  mention  as  eimmples,  beddes  pollen-grains,  in- 
stanced by  Kiitdng,  the  sp(»angia  <^  Desmidiece  and  of  various  Alge.  More- 
over, the  capability  of  the  simplest  endosing  membrane  to  devdope  a  very 
eomplez  superficial  structure  is  illustrated  in  the  case  of  the  Bhizopodesp 
among  whic^  are  many  examples  of  striated,  areolated,  and  otherwise  modified 
shdls,  which,  in  the  eyes  of  many,  range  with  unicellular  organisms.  We 
must  not  forget  to  state  that  Meneghini  himself  seems  to  have  appreciated 
ihe  effect  of  tiie  permeation  of  silica  upon  the  characters  of  the  cell- wall ;  for 
he  says,  in  his  supi^ementary  annotations  (op.  cit,  p.  511),  '*  the  part  which 
flilex  tdiras  in  the  formation  of  the  cdl-wall  is'  undeniable,*'  as  in  the  epi- 
dermis of  CJiamincffi,  Palms,  and  Equiseta.  *^  The  stomatic  cells  of  Equiseta 
merit  particular  att^tion,  both  from  the  silex  they  contain,  and  the  transverse 
strifle  they  present  on  the  internal  surface.  This  resemblance  to  the  shield  of 
IKatomee  might  lead  us  to  believe  that  we  ought  to  regard  it  as  an  aigument 
for  wuMTitAiTiiTig  the  vegetability  of  the  latter:  but  I  do  not  think  that  I  ought 
to  dwell  upon  such  an  objection ;  I  only  notice  it  because  I  would  not  appear 
to  be,  or  pretend  to  be,  unacquainted  with  it.  Tet  it  seems  to  me  import^t  in 
another  point  of  view — ^the  apparent  complication  that  the  simple  cell  may 
assume  when  penetrated  by  mlica." 

We  cannot  do  better  than  close  this  part  of  the  argument  by  Prof.  Smith's 
review  of  the  subject  (Synops.  ii.  p.  xix) : — "  In  every  case  this  membrane 
[of  the  fmstule]  is  more  or  less  penetrated  or  imbued  with  silex ;  and  the 
presence  of  this  substance  appears  to  have  modified  the  intimate  structure  of 
the  membrane,  and  induced  great  variety  in  the  mode  and  character  of  its 
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formation  in  different  genera,  accompanied  by  great  regularity  in  the  indi- 
vidual species. 

*'  These  variations  exhibit  themselves  in  the  different  modifications  of 
structure  which  constitute  the  markings  of  the  valves,  appearing  nnd^  the 
form  of  ribs  and  nodules,  costss,  strise,  or  cellules  of  an  ellipti<»d,  circular, 
or  hexagonal  outline.  A  wide  comparison  of  specimens  seems  to  me  to  prove 
that  these  various  markings  originate  in  the  tendency  impressed  upon  all 
organized  structure  to  develope  itself  upon  the  type  of  the  cell,  and  that  the 
presence  of  the  silicious  constituent  in  the  cell-membrane  of  the  Diatom  gives 
a  fixedness  to  this  tendency,  which,  in  ordinaiy  cases,  is  either  not  dis^m> 
ible  in  the  structure  of  the  membrane,  or  whose  effect  is  obliterated  by  the 
coalescence  of  the  softer  material  which  constitutes  its  substance.  However 
this  may  be,  it  appears  to  me  certain  that  the  structure  of  the  silicious  valve 
in  the  Diatomaceee  is  invariably  cellulate,  the  cellules  being  more  or  less 
modified  according  to  the  peculiar  requirements  of  each  species,  and  that  no 
other  explanation  of  their  characteristic  markings  seems  consistent  with  the 
facts  which  arc  established  by  a  careM  examination  and  comprehensive  know- 
ledge of  Diatomaceous  structure.  That  this  explanation  does  not  involve  con- 
siderations at  variance  with  the  conditions  of  unicellular  vegetable  life,  will 
be  obvious  to  any  one  ^miliar  with  the  structure  of  the  silicious  epiderm  in 
the  Equisetacese  and  Graminacese,  and  the  distinctly  cellulate  structure  of 
many  poUen-grains,  while  this  very  presence  of  silex  as  a  constituent  of  the 
cell- wall  in  the  DiatomaceaB  appears  to  be  wholly  unaccountable  except  on  the 
supposition  of  the  vegetable  nature  of  these  organisms.  In  no  instance  do  we 
find  a  parallel  condition  in  the  animal  kingdom  (for  the  secretion  of  silicious 
spicula,  as  an  internal  skeleton,  in  some  of  the  SpongidesB,  cannot  be  r^;arded 
as  an  analogous  phenomenon),  whereas  the  vegetable  kingdom  fiimi^es  us 
with  cases,  not  merely  of  the  secretion  of  silex  as  a  vegetable  product  in  the 
Bamboo,  but  with  frequent  instances  of  its  intimate  union  with  cellulose  in 
the  membrane  which  forms  the  epiderm  of  the  cell,  as  in  the  Natural  Orders 
already  mentioned,  in  the  Palmacese  and  others." 

-  On  the  nature  and  mode  of  deposition  of  the  silex.  Dr.  Bailey  has  ad- 
vanced the  statement  that  the  silica  in  Phytolitharia,  as  well  as  in  Diatome«?, 
Polycystinca;,  and  Spongilithes,  is  not  doubly  refractive  and  polarizing,  as 
Ehrenberg  described,  and  that  even  the  admitted  exception  of  Arachnoi- 
discm  is  not  such.  The  error  in  supposing  it  so  has  originated  from  the  im- 
perfect removal  of  the  dense  carbonaceous  tissues  which  are  deposited  beneath 
the  silica. 

6.  The  final  argument  w^  have  to  consider  for  the  animality  of  the 
DiatomesB  is,  that  the  greater  affinity  in  the  chemical  composition  of  the 
contents,  t.  e,  of  the  endochrome  or  gonimic  substance,  is  with  plants,  and  not 
with  animals.  This  argument  is  certainly  based  on  a  nice  and  very  difiicult- 
to-be-determined  fact.  Meneghini  insists  on  it  as  important.  His  remarks 
have  already  been  given  in  our  notice  of  the  contents  of  the  frnstules,  to 
which  we  must  refer  (p.  47),  adding  here  only  some  supplcmentaiy  obser- 
vations to  fully  convey  his  opinions.  "  Finally,"  he  writes  {op,  eit.  p.  366), 
for  this  is  not  a  property  peculiar  to  chlorophyll,  "  I  may  add  that,  if  a  portion 
of  chlorophyll  could  be  demonstrated  in  the  interior  of  DiatomesB,  this  would 
by  no  means  invalidate  their  animal  nature ;  we  might  still  suppose  they  had 
swallowed  it  for  food.  As  to  the  oil-globules  "  which  Kiitzing  represents, 
Meneghini  considers  they  may  be  no  more  than  particles  of  sarcodc,  which 
have  an  oily  appearance  ;  and  he  would  observe  "  that  the  number  and  volumo 
of  these  globulos  increase  considerably  after  death,  and  that  during  life  they 
arc  situated  upon  a  longitudinal  line  extending  from  one  extremity  to  tlie 
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otb^.  And,*'  he  contmnes, ''  I  rely  upon  the  ohserration  that  there  is  some 
motion  and  successiTe  alteration  in  them,  as  if  these  minute  globules  mixed 
with  larger  ones,  and  separated  again  from  them."  For,  to  the  mind  of 
the  Italmn  naturalist,  the  hypothesis  of  stomachs  is  admissible,  although 
the  £eu^  that  a  polygastric  structure  (affirmed  by  Ehrenbei^)  has  not  been 
shown  in  the  ciliated  Protozoa  is  in  itself  an  a  priori  argument  that  such  an 
organization  is  not  to  be  found  in  the  DiatomesB,  among  which  animal  cha- 
raeieristics  are  so  much  more  deficient  and  iadeterminate. 

Although,  to  our  apprehension,  this  ailment,  based  on  the  differential 
chemieal  composition,  to  the  extent  it  is  developed  by  Meneghini,  is  incom- 
plete and  inconclusiTe,  yet  it  was  a  duty  to  present  it,  in  oider  that  some  of 
the  many  ardent  English  microscopists  may  be  induced  to  attempt  the  solution 
of  this  micro-chemical  question. 

Baboihorst,  we  should  not  omit  to  state,  describes  the  colouring  matter  of 
Diatomeae  as  quite  different  from  the  chlorophyll  of  plants.  For  instance,  he 
states  that  the  chlorophyll  of  plants  is  taken  up  by  alcohol,  dissolves  with  a 
yellowish-green  colour  in  alkalies,  and  with  muriatic  acid  acqiiires  an  emendd- 
grcen  colour,  whereas  the  colouring  material  of  Diatomeae  is  insoluble  in 
alcohol  (although  after  a  time  its  colour  &des),  remains  unchanged  by  alkalies, 
and  acquires  a  pale-green  colour  with  muriatic  add. 

It  still  remains  to  point  out  the  facts  which  speak  in  fiivour  of  the  vegetable 
nature  of  the  Diatomaceas.  The  following  summary  was  (^ered  by  Kiitzing : — 

*^  1.  The  great  resemblance  of  compound  forms  to  Algae,  and  their  develop- 
ment by  fission.  There  are,  iudeed,  compound  Infusoria,  as  Monad-masses 
and  Polypes ;  but  the  former  are  very  questionable  animals ;  and  the  latter 
have  this  essential  distinction,  that  tiie  individual  animal  lives  without 
(external  to)  its  habitation,  and  moves  freely,  whereas  such  Navicula  as 
Eineyonemay  Sehizonema,  and  Micramega,  and  similar  genera,  grow  within  the 
enclosing  substance,  building  themselves  up  like  the  cells  in  the  stem  of  a 
plant — 80  vegetating  here  only  as  cells.  In  like  manner,  the  individuals  of 
Fragilarta,  Melosiraj  Htnumtidiwrn^  &c,,  are  steadily  fixed,  and  unable  to 
exhibit  ftitimAl  motion. 

"  2.  The  inner  soft  oiganic  parts,  which  I  have  designated  gonimic  sub- 
stance, possess,  as  well  in  their  chemical  nature  as  in  their  development, 
peculiarities  akin  to  those  met  with  in  the  cell-contents  of  confervoid  Algae. 

'^  This  relation  is  most  clearly  seen  in  the  genus  Melosira  and  its  allied  forms, 
which,  not  only  in  form,  but  also  in  the  chemical  components  of  their  con- 
tained matter  (since  the  presence  of  chlorophyll  is  common  to  all  Diatomeao), 
are  closely  allied  to  the  confervoid  Algae. 

"  3.  The  dcvoloiwnent  of  seeds,  or  young  [as  Kiitzing  represents  it],  occurs 
here  as  in  undoubted  Algae,  but  never  as  in  true  animals. 

"  4.  The  Diatomeae,  and  especially  the  free  moving  Naviculce,  devclope,  in 
the  son's  rays,  an  appreciable  quantity  of  oxygen,  like  all  admitted  plants. 

"  The  evolution  of  oxygen,  indeed,  occurs  in  green  Monads  and  Euglence ; 
but  this  affords  no  argument  for  the  animality  of  the  Diatomeae,  but  renders 
the  animal  nature  of  those  Infusoria  themselves  very  doubtful,  and  the  more 
so  as  recent  observations  confirm  the  idea  of  the  origin  of  the  lower  plants 
themselves  fr*om  Monads  and  EugJence.  Wherefore  all  these  comparisons 
serve  to  favour  the  belief  in  the  vegetable  nature  of  Diatomeae." 

To  these  arguments  has  been  added  another,  resting  on  the  assumption  of 
conjugation  being  peculiar  to  plants ;  and  Mr.  Blackwell  discovers  further 
evidence  of  plant-life  in  the  variations  of  form  of  the  frustules  of  the  same 
species  (J.  M.  S,  1853,  i.  p.  247). 

It  is  necessary  to  inquire,  seriatim,  into  the  real  value  of  the  arguments 
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on  this,  as  has  been  done  with  those  on  the  other  side  of  the  qnostion. 
Meneghini  enters  the  lists  with  Eiitzing,  and  disputes  the  eonclusions  arriYed 
at  by  him,  rather  than  the  faots  on  wMch  they  rest. 

The  first  argument,  founded  on  external  resemblance,  has  little  value,  and 
offers  no  certain  indications  of  affinities.  However,  taking  Eiitzing's  state- 
ments in  his  own  words,  modem  research  has  added  to  its  weight ;  for  it 
has  proved,  what  was  before  only  a  probability,  that  the  so-called  Monad- 
masses  are  only  of  a  vegetable  nature. 

The  second  reason  advanced  has  been  already  discussed,  whilst  the  third 
rests  as  yet  on  incomplete  observations,  and  in  Men^hini's  opinion  has  an 
equally  strong  analogy  in  animals,  for  example,  '*  in  the  ovaries  of  Polypes 
and  otiier  inferior  animals,  as  in  many  Ovipara  of  superior  classes.  And,  in 
&ct,  the  bag  of  a  spider,  with  the  thousands  of  small  ^gs  that  it  contains, 
seems  to  me  quite  as  like,  as  the  spore  of  an  Alga,  to  the  organ  of  propaga- 
tion of  a  Sehizonema  or  a  Micromega,*'  These  analogies  cannot  be  allowed 
much  weight,  whilst  it  is,  on  the  contrary,  pretty  clearly  ascertained  that  the 
sporangia  of  Diatomesd  produce  a  brood  of  young  forms  within  them, — a 
phenomenon  according  in  all  particulars  with  the  mode  of  reproduction  in 
numerous  Alg»  and  Fongi. 

The  fourth  argument  for  their  v^table  nature  must  be  admitted  to  possess 
great  importance.  Siace  Kiitzing  enunciated  it,  the  apparent  objections 
against  the  vital  phenomena  in  question  being  restricted  to  plants,  have  been 
removed  by  subsequent  inquiry.  The  green  Monads  and  EugUncBy  cited  by 
Kiitzing,  are  now  recognized  to  be  v^table,  and  can  no  longer  cast  doubt,  by 
reason  of  an  assumed  animal  nature,  on  the  fact  of  the  evolution  of  oxygen 
being  a  characteristic  of  vegetable  life.  The  evolution  of  oxygen,  as  Prof. 
Smith,  like  every  other  careful  observer,  tells  us,  ^<  may  be  noticed  in  any 
mass  of  DiatomacesB  during  the,  warmer  months  of  the  year,  or  in  gatherings 
freely  exposed  to  the  sun,  in  the  elevated  temperature  of  a  confined  apartment, 
during  the  winter  or  spring.  Under  these  conditions  the  water  in  the  vessel 
becomes  covered  with  minute  bubbles  of  oxygen,  and  portions  of  the  Diato- 
maceous  stratum  are  floated  up  by  the  buoyancy  of  the  globules  of  this  gas 
adhering  to  their  frustules.  Such  phenomena  can  only  be  accounted  for  by 
supposing  that  the  Diatomacese  are  plants,  and  that  they  exhale,  like  aU 
plants  ui  a  state  of  active  vegetation,  oxygen  from  their  tissues ;  but  this  pro- 
cess is  irreconcilable  with  the  hyx>othe8i8  of  their  animal  nature."  {8ynop$, 
vol.  ii.  p.  XX.) 

Prof.  Carpenter  insists  {Microscope,  p.  469),  that  the  most  positive  and 
easily  defined  distinction  between  Protophyta  and  Protozoa  "lies  in  the 
nature  of  the  aliment,  and  in  the  method  of  its  introduction,"  in  eaeh  case. 
**  For  whilst  the  Protophyte  obtains  the  materials  of  its  nutrition  from  the 
air  and  moisture  that  surround  it,  and  possesses  the  power  of  detaching 
oxygen,  hydrogen,  carbon,  and  nitrc^n  from  their  previous  binary  combina- 
tions, and  of  uniting  them  into  ternary  and  quaternary  organic  compounds 
(chlorophyll,  starch,  albumen,  &c.),  the  simplest  Protozoon,  in  common  with 
the  highest  members  of  the  animal  kingdom,  seems  utterly  destitute  of  any 
such  power,  and  is  dependent  for  its  support  upon  organic  substances  pre- 
viously elaborated  by  other  beings.  But  further,  the  Protophyte  obtains  its 
nutriment  by  mere  absorption  of  liquid  and  gaseous  molecules,  which  pene- 
trate by  simple  imbibition,  whilst  the  Protozoon,  though  destitute  of  any 
proper  stomach,  makes  (so  to  speak)  a  stomach  for  itself  in  the  substance  of 
its  body,  into  which  it  ingests  die  solid  particles  that  constitute  its  food,  and 
within  which  it  subjects  them  to  a  r^ular  process  of  digestion.  Hence  the 
simplest  members  of  the  two  kingdoms,  which  can  scarcely  be  distinguidied 
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firam  eadi  other  by  any  $iruetural  characters,  seem  to  be  physioloffieaUy  sepa- 
itUe  by  ^  mode  in  which  they  perfonn  those  actions  wherein  their  life  most 
enentially  consists." 

The  process  of  canjngation  has  been  used  as  an  argument  fbr  the  vegetable 
Datore  of  DiatomesB  by  Mr.  Thwaites  and  others.  This  subsequently  seemed 
to  be  set  aside  by  the  observation  of  apparent  conjugation  in  Actinophrys  and 
Oregarma  observed  by  KoUiker  and  Cohn.  However,  this  phenomenon 
i^ipesrs  again  in  the  ascendant  as  a  v^;etable  characteristic ;  for  the  observa- 
tkos  <^  Mr.  Weston  (J.  M.  8.  1856,  122),  of  Leu(^art,  lieberkuhn,  and 
otheny  go  to  show  that  the  act  believed  to  be  one  of  conjugation  in  the 
Admopkrys,  is  not  really  a  process  of  reproduction,  but  merely  a  temporary 
cohesioii :  moreover  lieberkuhn  (Mem,  de  VAcad.  Boy,  Bdgtque,  vol.  xvi.) 
proves  that  the  production  of  the  NaviceUce  is  not  necessarily  a  consequence 
of  the  act  of  conjugation  in  the  Qregarince, 

If  foture  resKurch  substantiate  tiie  fact  that  conjugation  is  essentially  a 
TcgetaUe  process,  then  the  nature  of  the  Diatomese  will  no  longer  be  doubtful. 

On  a  review  of  the  arguments  urged,  on  each  side,  and  on  consideration  of 
the  whole  stractoial  and  vital  peculiarities  of  the  Diatomeaa,  we  are  disposed 
to  consider  them  of  a  vegetable  nature — ^members  of  the  great  £Etmily  of 
AlgaB,  and,  together  with  many  other  unicellular  plants,  to  constitute  a  group 
known  by  the  name  of  Protophyta.  Nageli,  in  1849,  took  this  view,  and 
raekooed  the  Diatomeffi  as  one  of  his  eight  orders  of  unicellular  Algse,  of 
whidi  the  Desmidiaoeee  and  Palmellaceso  were  other  two.  How  dose  must 
be  the  affinity  of  the  Diatomeee  with  the  DesmidiesB  is  shown  by  the  &ct  of 
the  two  famJHfift  having  so  long  been  treated  of  together  under  the  common 
head  and  name  of  Bacallaria.  And  although  sufficiently  decisive  characters 
sepante  the  one  set  of  beings  from  the  other,  yet,  in  the  grand  phenomena 
ci  life  and  organisation,  a  true  homology  exists.  The  difference  between  some 
Dwmidiec  and  Palmelle»  is  as  much  pronounced  as  it  is  between  the  former 
and  some  Diatomefe ;  and  between  these  several  orders,  together  with  the 
Zygnemattt,  various  intermediate  forms  are  to  be  found,  which  serve  as  con- 
necting links.  Although  Mr.  Ital&  would  not  now  insist  upon  the  distine- 
tions  between  the  Demudie®  and  Diatomeee,  formerly  laid  down  by  him  as 
dednve,  yet  t^ey  may  be  here  reproduced  with  advantage.  1.  In  Diatomeee 
(op.  at.  p.  19)  **  each  frustule  consLsts  of  three  pieces,  one  central,  ring-like 
and  continnons  all  round,  and  the  others  lateral."  In  opposition,  J^i.  Smith 
■morts  that  the  central  third  s^ment  is  no  essential  part  of  the  fhistules, 
but  a  pcfftion  produced,  just  like  that  between  the  opposed  valves  of 
Dwrnidiep,  preparatory  to  the  process  of  self-fission.  2.  '*  The  division  is 
coopleted  l^  the  formation  of  new  portions  within  the  enlarged  central 
piece,  nhich  then  Mis  off^  or  else  by  a  new  septum  arising  at  the  centre ;" 
but  Mr.  Bal&  believes  that  in  every  case  the  separation  commences  internally 
beCnre  it  extends  to  the  covering.  So  &r  as  we  can  understand  the  matter, 
M  <<*a«»tift^  variation  in  this  process  prevails  in  the  two  ^Eunilies.  3.  '<  Their 
eoveringg,  with  very  few  exceptions,  are  silicious,  withstand  the  action  of 
Ire  and  adds,  and  may  be  broken,  but  not  bent ;  the  frustules  are  often 
reetngular  in  form,  are  never  warted,  and  scarcely  ever  spinous."  To  these 
itatcaMnta  it  may  be  replied,  that  in  a  few  Diatoms  the  silex  is  in  small 
qoaBtities  in  the  valves,  and  that,  on  the  contrary,  examples  of  partially 
siliema  Desmidieee  are  known.  The  action  of  fire  and  acids,  the  capability 
of  being  bent  or  not,  are  qualities  dependent  on  the  relative  proportion  of 
nlex  in  the  firustales,  and  are  but  secondary  distinctions.  The  same  may  be 
Hid  of  the  remaining  points  mentioned — the  rectangular  form,  and  the 
praeooe  of  warts  and  spines.    The  form  indeed  is,  at  best,  of  little  value  in 
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the  argument.  The  rectangular  fonn  of  the  IHatomeo}  is  doubtless  a  conae- 
quence  mainly  of  the  silicioua  compoBition :  yet  it  is  fieur  from  universal  among 
them ;  for  some  species  are  rather  orbicular,  others  sections  of  cylinders,  others 
capsular,  and  others  again  not  unlike  square  sacs  with  bulging  sides  and  rounded 
comers.  £ven  where  a  rectangular  outline  exists,  it  is  most  frequently  only  in 
one  view ;  and  the  most  that  can  be  said  is,  that  the  lines  of  junction  are  in 
many  instances  acute.  On  the  other  hand,  examples  of  a  rectangular  oatUne 
are  to  be  found  among  the  D^smidiesB  and  their  allies :  the  junction-surfaces 
of  Hyahiheca  and  Didymopnum  are  at  right  angles  to  the  sides  of  the  frond ; 
the  end  view  of  Staurastrvm,  tumidum  is  as  angular  as  the  front  view  of  a 
TricercUium ;  and  the  front  view  of  Eiuutrum  cuneatum  presents  decidedly 
rectangular  truncate  extremities.  So  too  in  the  genus  Pediastrum,  formerly 
enumerated  among  the  Desmidiese,  although  now  detached  as  a  subfiamily 
and  placed  between  them  and  the  Palmelleee,  examples  of  an  angular  outline 
occur,  as  in  the  Pediastrum  Tetras  and  other  species.  As  to  the  production 
of  spines,  sufficiently  numerous  examples  exist  among  the  Diatomece  to  prove 
it  no  distinctive  peculiarity  of  the  Doemidicfe ;  and  although  warty  expan- 
sions or  elevations  of  the  sur&oe  predsely  like  those  of  some  Desmidiefle,  may 
not  be  noticed  in  Diatomess,  yet  certain  exaggerated  inflations  of  the  surface 
are  seen  in  some  BiatomeaD,  e,  g,  in  Biddtdphia  pulchdla  and  B.  regina. 
The  two  next  distinctions  indicated  by  Mr.  Ealfs  are  of  more  consequence, 
but  nevertheless  cannot  be  admitted  as  demonstrative  of  an  entire  difference 
in  nature.  They  are  thus  stated : — ^*  Their  internal  matter  is  usually  brown 
when  recent;  and  although  some  species  are  greenish,  or  become  green  after 
they  have  been  gathered,  none  are  of  a  truly  herbaceous  character.  Their 
vesicles  bear  some  resemblance  to  those  in  the  Desmidieee ;  but  they  are 
of  a  yellower  colour,  and  no  starch  has  been  detected  in  them."  The  last 
section  of  this  statement  must  be  held  as  still  9uh  judice ;  the  chemistry  of 
the  endochrome  is  too  imperfect  to  afford  a  safe  argument,  and  the  chemical 
relations  of  starch  and  isomeric  compounds  too  littie  understood.  The  con- 
cluding distinction,  ''  that  the  Diatomete  do  not  conjugate,*'  the  researches  of 
Mr.  Thwaites  have  negatived. 

To  employ  the  summary  of  the  affinities  of  the  Diatomese  presented  by 
Prof.  Smith  (Synops,  vol.  ii.  p.  xxi) : — "  The  DiatomaceaD,  with  specialities  of 
their  own,  have  also  intimate  alliances  with  the  other,  orders  of  the  Proto- 
phyta,  resembling  the  Zygnemacece  and  Desmidiaceee  in  the  reproductive  pro- 
cess,— ^the  NostochaceaD  in  the  tendency  shown  by  several  genera  to  surround 
their  frustules  with  frondose  masses  of  mucus,  within  which  linear  series  of 
cells  are  subsequentiy  developed, — the  Oscillatoriese  in  their  movements,— the 
Palmellaceae  and  all  the  orders  I  have  named,  in  the  self-dividing  act  by 
which  the  individuals  of  the  species  are  multiplied,  or  the  aggregate  of  spe- 
cific life  maintained  and  increased.'* 

Detebmtkatiok  of  Species  and  Gekera;  Vabibties;  Classification. — 
The  question  has  been  very  much  discussed  of  late,  what  characters  of  the 
frustules  and  of  their  contents  are  to  be  employed  in  the  construction  of 
species?  Ehrenberg  generally  proceeded  on  the  principle  of  notifying  every 
departure  from  any  one  form,  assumed  to  be  specific,  as  representing  another 
species ;  but  this  loose  plan  has  been  found  productive  of  error  and  of  ex- 
cessive multiplication  of  species,  inasmuch  as  shape,  or  outline,  or  markings  of 
the  surfiice  are  not  nearly  so  permanent  and  distinctive  as  formerly  imagined. 

Although  in  some  species  the  size  and  figure  seem  pretty  constant,  yet  in 
many  they  are  subject  to  endless  variations.  Prof.  Gi'egory  cites  as  examples 
of  changeableness  of  form  the  three  spedes,  Eunotia  gibba,  Pinmdaria 
divergenSy  and  Himaniidium  hidenB ;  and  he  would  comprehend  several  pre- 
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naned  species  of  NowcuUb  under  the  name  of  N.  vortaiw.  So  again  Dr. 
QieTille,  speaking  {A,  N.  H.  1855,  p.  25d)  of  the  Qrammatophora  {1)  BdU 
fonriana  (Smith),  which  he  erects  into  a  new  genus  DiatomeUaj  observes, 
''  There  is  greater  variation  in  the  relative  length  and  breadth  of  the  frustules 
than  would  be  likely  to  occur  in  other  Diatomaceous  groups.  In  some  the 
loigth  is  more  than  equal  to  twice  the  breadth,  while  others  are  exactly 
square ;  and  between  these  two  extremes  every  gradation  may  be  observed ; 
resembling  in  ihis  inequality  FragQaria,  Odontidiumy  OrammaUmhoraf  and 
other  filamentous  genera  having  jdano-compressed  frustules."  But  in  this 
veiy  case  a  difference  arises  between  Dr.  Greville  and  Mr.  Smith  respecting 
the  value  of  internal  markings  as  a  characteristic  distinction  ;  for  the  latter 
an^or  remarks,  **  The  absence  of  a  curve  in  its  septa,  relied  upon  by  Dr. 
Greville,  I  cannot  regard  as  of  sufficient  importance  to  constitute  a  generic 
distinction,  as  this  feature  is  scarcely  noticeable  in  some  states  of  Oramma^ 
tophora  ntacilenta,  and  is  uniformly  absent  in  O.  stricta.**  {Synop$U,  voL  ii» 
1^.44.) 

"  The  size  of  the  mature  frustule  **  (says  Prof.  Smith,  J.  M.  S.  1855,  p.  132) 
''bdbre  self-division  commences,  is,  however,  dependent  upon  the  idiosyncrasy 
of  the  embryo,  or  upon  the  circumstances  in  which  its  embryonic  growth 
takes  place;  consequently  a  very  conspicuous  diversity  in  their  relative 
magnitudes  may  be  usually  noticed  in  any  large  aggregation  of  individuals, 
or  in  the  sane  species  collected  in  different  localities. 

"  It  may  also  be  easily  conceived  that,  while  a  typical  outline  of  its  cell 
must  be  the  characteristic  of  a  certain  species,  such  outline  may  fo  some 
extent  be  modified  by  the  accidental  circumstances  which  surround  the  em-* 
bzyo  during  its  earher  growth  and  development.  A  lanceolate  form  may 
become  lin^,  elliptical,  or  even  somewhat  oval,  by  the  pressure  of  surround- 
ing cdls ;  and  acute  ends  may  be  transformed  into  obtuse  or  rounded  ex- 
tremities. 

*^  Those  who  understand  the  process  of  self-division  will  see  hero  a  suffi- 
cient reason  for  the  occurrence  of  multitudes  of  frustules  deviating  from  the 
normal  form,  or  even  for  the  existence  of  myriads  at  one  spot,  aU  having  a 
form  dififerent  from  the  type, — the  single  embryo  from  which  they  have  all 
sprang  by  self-division  (which  process  stereotjrpes  the  shape  with  which  it 
»mmienGes)  having  from  some  accidental  circumstances  become  modified  in 
its  outline. 

**  It  follows,  then,  from  these  considerations,  that  neither  size  nor  outline 
is  sufficient  to  enable  the  observer  to  determine  the  species  of  a  Diatoma- 
ceous frustule.  If  he  has  the  means  of  comparing  specimens  in  sufficient 
numbers  and  from  various  localities,  he  may  fix  with  tolerable  certainty 
upon  the  magnitude  and  form  which  may  be  regarded  as  the  average  and 
type  of  the  species ;  but,  without  such  opportunities,  a  reliance  upon  such 
eharacters  will  inevitably  lead  to  the  undue  multiplication  of  species  and  to 
a  oonfrised  and  erroneous  nomenclaturo." 

In  the  construction  of  genera,  similar  difficulties  present  themselves.  Thus, 
Mr.  BrightweU  complains  {J,  M.  S.  i.  252) — "  It  appears  as  if  we  could  carry 
our  real  knowledge  little  beyond  that  of  species ;  and  when  we  attempt  to 
define  kinds  and  groups,  we  are  met  on  every  side  by  forms  which  set  at 
Sought  our  definitions.  With  roference  to  the  species  of  the  present  genus 
(TriceraUum),  looking  upon  T.favus  or  T,  megastomum  as  what  we  con- 
ceive to  be  the  most  j^rfect  plan  (if  any)  (m  which  this  group  is  constructed, 
ire  find  all  the  species  diverging  from  it,  and  carrying  us  to  analogous  forms 
in  other  groups,  or  lost  in  them.     Placing  the  perfect  triangular  form  of 

H 


Digitized  by  VjOOQ IC 


98  eSNESAL  HISTORY  OF  THE  IK7U80SIA. 

T.  favus  in  the  centre,  we  may  diverge  in  lines  to  a  circmnference  ending  in 
one  line,  in  the  long-armed  T.  SolennoeeroSy  itself  nearly  resembling  Desnd^ 
diwn  tridens  or  D.  hexaceros ;  in  another  line  ending  in  a  form  resembling 
Desmidium  apictdosum ;  in  another  like  Zygoceros  rfumhus,  especially  in  the 
front  view;  in  anoth^  analogous  to  Amphitetras  antediltmana ;  and  in 
another  to  Campylodiseus  crihrosus" 

Next  after  size  and  form,  markings  existing  on  the  surface  or  within  the 
frustoles  have  been  employed  as  specific  and  generic  characteristics ;  but  with 
these,  as  with  the  former  conditions,  great  uncertainty  prevails  in  their  ap- 
plication, as  we  have  already  seen  in  the  difference  of  opinion,  regarding  some 
internal  markings  of  Ghammatophora,  between  Dr.  Greville  and  Prof.  Smith. 
In  like  manner  the  character,  tie  breadth,  the  relative  position  and  distribu- 
tion, the  distinctness  and  the  number  of  striae  on  the  valves,  although 
tolerably  constant  in  some  species,  are,  in  the  majority,  subject  to  great 
variation.  Then  again  some  naturalists  count  the  number  of  striae  in  s 
given  space,  as,  for  example,  in  the  ^  (Jqo^^  ^^  ^^  inch,  whilst  others  advo- 
cate counting  the  entire  number  in  the  length  of  the  valve.  The  latter  plan, 
to  all  appearance,  must  afford  more  certainty,  although  the  trouble  of  it  is 
much  greater ;  for  in  the  growth  of  frustules  there  would  seem  an  expansion 
of  their  walls,  inducing  consequentiy  a  displacement  of  the  strisB  further 
apart ;  and  observation  does  not  confirm  the  opinion,  that  in  the  imperfectly 
developed  frustules  a  smaller  number  exists,  which  are  added  to  in  course  of 
growth. 

However,  just  as  in  the  case  of  the  form  and  size,  so,  in  this  matter  of  the 
superficial  markings,  there  will  be  variations  according  as  the  frustules  result 
from  self-division  and  are  stereotyped  impressions  of  an  already  existing 
form,  or  according  as  they  originate  from  sporangial  frostules  and  may  have 
an  individual  idiosyncrasy,  or  be  modified  in  their  development  by  the  locality, 
and  by  surrounding  circumstances,  season  and  the  like. 

A  writer  in  the  Mic.  Joum,  (1855,  p.  309)  invites  notice  to  another  cir- 
cumstance : — '*  Sufficient  attention  has  not  yet  been  paid  to  the  sporangial 
state  of  the  Diatoms.  From  the  observations  recorded  by  Thwaites,  Smith, 
and  others,  different  genera  seem  to  foUow  different  laws  on  the  subject.  In 
Navicula  this  state  appears  to  be  always  accompanied  by  a  great  dilatation  of 
the  frustule,  and  the  formation  of  a  strong  line  or  band  between  the  median 
line  and  the  margin ;  sometimes  the  new  line  is  nearly  straight  and  parallel 
to  the  median  line,  except  near  the  nodule,  with  which  it  seems  connected ; 
sometimes  it  is  curved;  but  whether  both  structures  occur  in  the  same 
species,  or  are  indicative  of  different  species,  no  evidence  has  hitherto  been 
adduced The  strisB  appear,  however,  to  preserve  nearly  the  same  in- 
clination, to  the  new  or  intermediate  lines  which  they  did  in  the  non- 
sporangial  state  to  the  median  line ;  and  hence  the  direction  of  the  striae  is 
not  sufficient  of  itself  to  distinguish  species,  however  good  a  character  it  may 
afford,  unless  regard  be  had  to  the  peouHar  state  of  the  frustule." 

Prof.  Smith  has  endeavoured  to  frame  some  general  rules  for  the  guidance 
of  naturalists  in  instituting  generic  and  specific  characters,  which  we  cannot 
do  better  than  subjoin  in  an  abridged  form  (J,  M.  S.  1855,  pp.  132-134 ;  and 
Synops.  vol  ii.  p.  xxii).  In  determining  specific  character,  three  circumstances 
are  of  essential  importance:  1.  the  structure  of  the  valve;  2.  the  habitat; 
3.  the  arrangement  of  endochome  in  the  living  frustule. 

The  first  can  be  applied  to  both  living  and  dead  or  fossil  specimens,  and 
affords  the  most  constant  and  obvious  characters.  ''  These  varieties  of  struc- 
ture arise  from  the  modes  in  which  the  silex  combines  with  the  cellulose  of 
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the  epderm;  and  this  oombinatuui  seems  to  follow  oertain  and  inTaiiahId 
laws,  which  are  sabject  to  no  derangement  from  the  external  cirenmstances 
in  which  the  grow^  of  the  embryo  may  take  place.  The  stractore  of  the 
Talve  reveala  itself  in  the  character  of  the  striation,  which  may  therefore  be 
found  a  good  specific  distinction."  Thus  the  stiie  may  be  costate  or  monili- 
form,  parallel  or  radiate,  reach  the  median  line  or  be  absent  from  a  greater 
or  lesser  portion  of  the  sorface,  &c  The  relative  distances  and  the  distinct* 
ness  of  the  striae  are  also  other  featores  to  be  recorded,  allowance  being  made 
foi*  the  influence  of  localities  and  of  age,  and  for  the  foct  of  their  having 
originated  from  the  same  or  from  different  sporangia. 

Next  to  striation  in  importance  is  locality,  which  will  often  aid  to  discri* 
minate  between  closely  allied  forms,  since  fresh-  and  salt-water  species 
cannot  exchange  habitats.  Locality  also  seems  even  more  restricted  by  other 
external  conditions  of  a  more  limited  natnre. 

Lastly,  the  arrangement  of  the  endochrome  confers  a  specific  character 
more  obtain  than  habitat.  Examples  of  various  arrangement  of  gonimio 
sabetanoe,  and  of  the  large,  constant,  oil-like  globules,  have  been  already 
g^ven. 

It  follows,  therefore,  that  the  difficulty  of  defining  species  is  much  en- 
hanced where  examples  occur  only  in  a  fossil  state.  Even  in  the  living 
state,  shape  and  size  cannot  be  implidtiy  reUed  on,  but  gatherings  are  re- 
quired from  different  localities,  and  every  condition  of  growth  observed,  before 
an  average  size  or  a  typical  outline  can  be  decided  on.  And  although  stria- 
tion is  an  important  guide,  it  often  happens  that  this  feature  is  so  nearly 
aHke  in  allied  species  <^  the  simple  forms,  such  as  Cocconema,  CymbeUa,  and 
Navicular  that  our  determination  must  be  influenced  by  less  important  con- 
siderations, and  the  habitat,  outline,  and  arrangement  of  cell-contents  all 
require  to  be  brought  under  review  before  we  should  feel  justified  in  0(msti- 
tuting  a  species. 

Li  the  construction  of  genera,  the  several  conditions  (viz.  form,  size,  stria- 
tion, habitat,  and  disposition  of  endochrome)  employed  in  the  determination 
of  spedee  are  also  resorted  to.  Other  peculiarities,  however,  are  noted, 
such  as  the  transverse  or  longitudinal  lines  or  bands,  indicating  thickenings 
of  the  valves,  the  presence  of  a  central  spot  (umbilicus)  or  of  terminal  ones, 
and  (as  Prof.  Smith  mentions)  **  the  obvious  varieties  of  form  or  combination 
to  which  the  cellules  submit  in  the  progress  of  their  formation,  exhibiting 
themselves  as  hexagonal,  circular,  or  irr^olar  in  outline,  as  distinct  from 
each  other,  or  as  more  or  less  confluent.*'  {8ynop$.  vol.  ii.  p.  xxiv.) 

Kutsing  has  extensively  used  the  circumstance  of  the  presence  or  absence, 
the  number  and  the  position  of  apparent  pores,  not  only  in  constituting 
genera,  but  also  the  higher  divisions,  families  and  orders.  The  ^gaie  of 
fiustnles  on  a  transverse  section,  or  an  end  view,  is  another  point  he  has 
resorted  to  in  framing  his  classification.  He  would,  indeed,  appear  to  assign  a 
yet  higher  importance  to  the  central  spot  or  umbilicus  than  Ehrenberg  him- 
self since  he  has  distinguiBhed  his  tribes  Striata  and  Vittatce,  respectively, 
into  two  orders,  StomaticcB  and  AiUymatic(By  according  as  tins  structural  pecu- 
liarity is  present  or  absent.  So,  again,  in  the  case  of  the  Navicular  frustules, 
he  has  constituted  SurireUa  with  some  other  genera  into  a  fieumly  SvrireUece, 
separated  from  Navicula,  Pinntdaria,  and  other  genera,  and  placed  in  a  dis- 
tinct order  of  Striata!,  because  the  former  group  is  destitute  of  an  umbilicus 
(hence  Astomatieo!),  which  the  latter  possesses  (the  StamatiecB),  Moreover, 
as  the  fomfly  Naviculee,  along  with  otiiers,  presented  an  umbilicus  on  each 
valve  of  their  frnstule,  the  term  DiitamaticcB  was  applied  to  distingolBh  them 
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from  other  families  having  an  umbilicus  only  on  one  valve — Mbnostomatiece, 
In  this  plan,  therefore,  Eiitzing  assigned  to  the  circumstance  of  striation  an 
altogether  secondary  place  to  that  of  the  existence  of  a  central  umbilicus^ 
asserting  that  the  presence  or  absence  of  transverse  striae  was  incanstant, 
and  therefore  not  to  be  used  in  generic  distinctions. 

Men^hini  critically  reviews  Eiitzing's  system  of  classification,  and  points 
out  many  anomalies  and  errors  in  it.  "  In  the  three  proposed  tribes,"  re- 
marks this  author,  **  we  have  unnatural  dismemberments  and  associationB. 
The  same  conclusion  prevails  also  in  respect  to  the  six  orders,  as  well  as  to 
the  ulterior  divisions  in  the  first  two,  taken  from  the  continuity  or  inter- 
ruption of  the  strise  and  the  presence  of  one  or  two  stomatic  apertures  "  (op. 
eit.  p.  492).  For  instance,  he  asserts  that  the  character  of  the  median 
aperture,  given  as  distinctive  of  TaheUariece  from  8triateUe<B,  is  absolutely 
false ;  and  he  doubts  generally  of  the  presence,  constancy,  and  value  of  s 
median  aperture  in  framing  such  distinctions  as  Kiitzing  has  done.  The 
ActiniseecB  he  would  separate  from  the  Diatomeee. 

Again,  proceeding  on  the  principle  that  no  one  character  can  be  allowed 
an  absolute  value,  he  divides  the  Biatomese  into  two  sections,  the  AetimseeaB 
and  Loricatcs,     Of  the  latter  he  would  create  8  &milies: — 1.  Bunotiecg; 

2.  FragUariecB  (uniting  with  them  the  Meridie{B,  StriateUece,  and  TaheUariecB)  ; 

3.  Melodrecey  comprising  the  Cosdnodiscece,  Tripodiseeasy  AnguUfercB,  Bid- 
dulpMecBj  and  Angulatoe ;  4.  Cocconeideoi ;  5.  Achnanthece ;  6.  Cym^bdlece ; 
7.  Navmdeas  (with  all  the  Surirelleai);  8.  Oomphonemece  (witii  all  the 
Licmophoreas,  except  the  genus  Licrnophora)" 

To  the  presence  or  absence  of  an  external  muco-gelatinous  investment 
aroimd  the  silicious  frustules,  this  naturalist  gave  little  weight  in  framing  a 
classification,  reckoning  it,  together  with  the  existence  or  not  of  a  pedicle 
Or  of  concatenation,  as  scarcely  admissible  in  the  identification  of  species. 

On  the  other  hand.  Prof.  Smith  has  employed  these  circimistances,  con- 
sidered in  relation  to  the  process  of  self-division,  as  the  basis  of  his  system 
of  classification.  He  would  look  to  the  phenomena  of  reproduction  as  the 
most  sure  basis ;  but  in  the  absence  of  precise  information,  except  in  a  few 
instances,  these  are  at  present  inapplicable,  and  self-division  seems  to  him 
<<  to  come  next  in  order,  as  a  most  important  function  connected  with  in- 
crease and  growth,  and  to  supply  the  necessary  variety  of  phenomena  on 
which  to  ground  our  sectional  ^visions."  And  he  thus  proceeds  to  explain 
his  plan  (Symps,  i.  p.  xxviii) : — 

*'  1  have  therefore  separated  those  forms  where  self-division  is  accom- 
panied by  the  secretion  of  a  permanent  gelatinous  or  membranaceous  envelope, 
in  which  the  frustules  are  subsequently  imbedded,  frx)m  those  in  which  sudi 
secretion  is  altogether  absent,  or  is  represented  merely  by  a  cushion  or 
stipes,  to  which  the  frustules  are  attached  by  a  small  portion  of  their  sur- 
fiu^ ;  and  I  have  placed  the  latter,  as  of  simpler  oi^ganization,  in  my  first 
tribe,  airanging  the  genera  belonging  to  it  into  subtribes,  depending  upon 
the  permanency  or  otherwise  of  t^e  connecting-membrane,  another  prodoct 
of  the  self-dividing  process.  This  enables  me  to  place  apart  those  gen^a 
whose  species  present  us  with  frnstules  in  which  the  union  of  the  cells  is 
dissolved  almost  immediately  upon  the  completion  of  self-division,  as  well  as 
those  where  a  cushion  or  stipes  still  maintains  a  kind  of  indirect  individuality 
in  the  divided  frustules,  from  the  genera  in  which  the  cells  cohere  after 
gemmiparous  increase,  and  by  such  coherence  form  filaments  of  various 
lengths  and  forms,  allotting  the  latter  to  subtribes  which  respectively  pre- 
sent a  compressed  filament,  a  rigzag  chain,  or  a  cylindrical  thread.     In  the 
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«eeoad  tribe,  induduig  those  genera  whieh  have  fronddse  forms,  I  find  cha;> 
ncters  lor  my  sabtribes  in  the  nature  of  the  frond  and  the  arrangement  of 
tiie  frnstnles. 

^  I  do  not  propose  this  arrangement  as  free  from  exceptions  or  even  serious 
defeets ;  bat  I  have  adopted  it  in  preference  to  tiliose  hiUierto  given,  as  bring- 
ing more  frequently  together  forms  allied  in  structure  and  mode  of  grow^, 
and  as  being  at  the  same  time  more  strictly  in  accordance  with  the  external 
phjsiognomiea  of  these  organisms,  and  therefore  more  likely  to  be  appre- 
hended by  the  inquirer  entering  upon  the  study  of  this  department  of  nature. 
A  wider  study  of  Diatomaceous  forms  will  doubtless  lead  to  more  accurate 
and  more  natural  generalizations." 

We  subjoin  the  systems  of  classification  proposed  by  Kiitdng  and  by 
Smith,    llie  former  is  presented  in  a  tabular  form — 

DIATOMEiB. 


TribeL 


OidorL 

AaroMATiojL 

¥nthoaftaoenteal^ 

evening  on  the 

•eoondvy  ada. 


*  Transrene  stria  onbrokeiL 
Familj  1.  Bunotiea. 

2.  Meridieg. 

a  FraflilaneBw 

^  StruD  bn&n  (interrapted)  in  the  median  line. 
Familj  4.  Meloaunem 


Tribea 

Tittatai 


Tribe  m. 
Anobl». 


Order  n. 

BtOMATlCM. 

With  the  oeofaral 
opening. 


OfderL 

Abtomatics. 

Without  median 

apertare  on  ae- 

condarjside; 

Order  n. 

8T0MATICA. 

With  alargedia- 
tinctone. 

OfderL 
DuciroiMiL 
'  OrderIL 

ArTEMmCVUkTM, 

Appended  doubt- 
fed  forma. 


5.  Sorirellett. 

a,  MoHonoMATica. 

Familj  6.  Cecooneide». 

7.  Admantheea. 

b,  DurtOUATlCM. 

Fkmilj  8.  C^nbdlen. 

9.  Gomphonemete. 

10.  KaTiculecD. 


{Haring  a  median  aperture  on  onlj 
one  of  the  two  seoondaij  sorfiMjea. 


{With  a  median  aperture  on  eadi 
eeoondaij  surface. 


11.  licmophoreiB. 
12. 


la  Tabellariefe. 


14.  Coednodisoes. 

15,  Angulifera. 
la  Tripodiace«. 

17.  BiaanlphietB. 

18.  AngnlatoB. 


The  Bynoptical  Table  of  Prof.  Smith  contains  only  those  genera  then 
faiown  in  ^tain ;  but  since  the  date  of  its  publication  not  a  few  others 
hare  been  added  to  the  list 

Class  CKYPTOGAMIA. 

Subclass  ALG^       Natubal  Obdeb  DIATOMACEiB. 

Plant  a  Fbustule  ;  conmsting  of  a  unilocular  or  imperfectly  septate  coll 
uiTeeted  with  a  bivalve  silidous  epidermis.     Gmoopabous  dicbbasb,  b^ 
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SELF-BiTisioir ;  during  which  process  the  cell  secretes  a  more  or  leas  siH- 
CLOUS  ConBEOTUTG  Membeaite.  Repbobuctiok,  by  CoifJVQATiojt  and  the 
formation  of  Sporangia. 

Tribe  I.  Frusttdes  naked ;  not  imbedded  in  gelatine  nor  enclosed  in  mem-- 
hranaceous  tubes, 

SvBTRiBE  1.  Connecting  membrane  deciduous  ;  frustules  solitary  or  du^ 

ring  self-division  in  pairs,  rarely  in  greater  numbers, 

adherent  or  free,  dispersed,  or  aggregated  into  a  mucous 

stratum, 

22  Oeitera.  Epithemia,  Ennotia,  Cymbella,  Amphora,  Gocconeis, 

Coscinodiscns,  Eupodlsciis,  Actmocyclas,  Araohnoi- 

discus,     Triceratium,     Cyclotella,     Campylodiscus, 

Surirdla,    Tiyblionella,    Cymatopleura,    Nitzschia, 

Amphiprora,   Amphipleura,    Navicula,    Pinnulaiia, 

Stauroneis,  Pleurosigma. 

SuBTBiBE  2.  Connecting  membrane  subpersistent ;  frustules  after  self'- 
division  attached  by  a  gelatinous  cushion,  or  diehoto^ 
mous  stipes, 
7  Genera.  Synedra,  Doiyphora,  Cocconema,  Gomphonema,  Po- 
dosphenia,  Ehipidophora,  licmophora. 
SuBTBiBB  3.  Connecting  membrane  evanescent,  or  obsolete  ;  frustules  after 
self-division  united  into  a  compressed  filament. 

12  Genera.  Meridion,  Baoillaria,  Himantidium,  Odontidium,  Den- 
ticula,  Fragilaria,  Eucampia,  Achnanthes,  Achnan- 
thidium,  Ehabdonema,  Striatella,  Tetracyclus. 

Stjbtbibb  4.  Connecting  membrane  subpersistent;  frustules  after  self^ 
division  united  into  a  zigzag  chain. 

6  Genera.   Diatoma,  Grammatophora,  Tabellaria,  Amphitetras, 
Biddulphia,  Isthmia. 

Subibibe  6.  Connecting  membrane  subpersistent  as  a  silidous  anmdus ; 
frustules  after  self-division  united  into  a  cylindrical 
JUament, 

3  Genera.  Podosira,  Melosira,  Orthosira. 
Tribe  U.  Frustules  invested  with  a  gelatinous  or  membranaceous  envelope, 
SuBTRiBE  6.  Fhmd  indefinite,  mammillate  ;  frustules  scattered. 

1  Gbntts.  Mastogloia. 

SuBTBiBE  7.  Frond  definite,  compressed  or  globular  ;  frustules  scattered, 

2  Genera.  Dickieia,  Berkeleyia. 

BiTBTRiBE  8.  Frond  definite,  filamentous;  frustules  in  rows, 

3  Genera.  Encyonema,  CoUetonema,  Bchizonema. 
SuBTRiBE  9.  Frond  definiU,  filamentous  ;  frustules  fasciculated. 

1  Genus.  Homoeodadia. 

On  the  Mode  op  obtainino  Djatombje.  Preparation  op  Diatomacbous 
Deposits  hixed  with  Mttd  or  in  the  Fossil  State.  Preservation  op  Spe- 
cimens.— ^Many  hints  on  the  obtaining  of  specimens  of  DiatomesB  are  scat- 
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tend  in  previous  secfions  of  this  histoiy  of  the  Older,  particularly  in  that 
on  their  habitats  (p.  75) ;  yet,  to  make  the  directions  oompletey  aidditional 
detailB  are  necessary. 

Where  Diatomese  in  the  living  state  exist  in  any  considerable  nmnber, 
they  nsoally  form  a  brilliant  cinnamon,  or  sometimes  an  olive-brown  film  or 
patch,  and  thereby  become  visible  to  tiie  naked  eye  or  to  an  ordinary  lens, 
adher^t  to  various  water- weeds,  to  decayed  portions  of  wood,  leaves,  or 
other  floating  substances,  or  as  a  patch  on  the  mud  at  the  bottom,  or  other- 
wise floating  on  the  sartaoe  of  the  pond  as  a  scum  or  film.  Besides  such 
positions  and  such  collections,  Diatomeae  exist  diffused  more  or  less  abun- 
dantly through  the  water  or  in  the  mud  itself  (see  p.  75  et  seq.). 

Whesk  seen  adherent  to  an  aquatic  plant,  the  process  of  collection  is  very 
simple — by  carefully  gathering  or  removing  the  plant  from  the  water  and 
wailing  it  to  detach  the  Diatomaceous  frustules,  if  these  cannot  be  more 
advantageously  viewed  whilst  still  adherent  to  its  stem  or  leaves.  So,  too, 
where,  mostly  in  ccmjunction  with  other  organisms,  the  Diatomese  float  in 
masB,  like  a  scum  on  the  surfetce,  nothing  is  easier  than  to  lightiy  skim  the 
ooDection  from  the  surfitce.  But  when  tile  layer  of  frustules  reposes  on  the 
sor&ee,  or  is  more  or  less  intermixed  with  the  mud,  some  additional  pre- 
eantions  are  required  in  their  collection,  unless  indeed  the  film  has  sufficient 
tenacity,  by  cohesion  of  its  component  frustules,  as  in  the  case  of  Schizonemese, 
to  allow  of  its  being  nosed  en  masse  upon  some  thin  flat  instrument,  a  spoon 
or  spatola,  insinuated  beneath  it. 

The  general  methods  of  collection  applicable  to  the  Desmidieae  and  other 
minute  Algae  are  equally  so  to  the  Ddatomeee,  whilst  various  modifications 
will  suggest  themselves  to  the  mind  of  every  practical  naturalist  to  meet  the 
varying  drcumstanoes  under  which  he  makes  the  collection.  Mr.  Eaifs  has 
kindly  famished  us  with  notes  on  this  point.  He  writes — *'  It  is  often 
difficult  to  procure  clear  specimens  of  those  species  which  form  strata  on 
mud ;  most  of  them,  however,  can  be  obtained,  tolerably  free  from  the  mud 
on  which  they  congregate,  by  the  following  method,  which  is  applicable  both 
to  those  found  in  marine  situations  and  to  those  gathered  from  the  wayside. 
When  the  water  is  somewhat  dried  up,  if  the  finger  be  pressed  upon  the 
stiatum  with  a  gentie  force,  the  Diatomacese  will  adhere  to  the  finger,  and 
may  then  be  removed  by  scraping  them  off  upon  a  piece  of  Hnen  folded  over 
the  edge  of  a  tin  box  or  of  a  laafe ;  by  repeating  this  process,  a  sufficient 
quantity  can  easily  be  collected.  At  first,  probably,  a  portion  of  mud,  espe- 
cially if  veiy  wet,  will  also  be  taken  up ;  but  a  littie  practice  will  soon  show 
the  force  requisite  for  places  where  the  water  is  plentiful,  and  for  those 
where  it  is  nearly  dried  up.  Specimens  thus  collected  can  be  prepared  for 
moonting  with  much  lees  trouble  than  if  gathered  mixed  with  a  large  quan- 
ti^  of  dirt." 

When  it  is  wished  to  capture  frustules  diffused  in  water,  a  piece  of  muslin 
nay  be  used  as  a  filter,  just  as  for  Desmidiese,  and  the  residue  left  upon 
it  examined  as  it  is,  or,  if  required,  washed,  to  detach  foreign  matters  mixed 
vith  it.  Where  some  admixture  of  mud  is  unavoidable,  frequent  washii^  of 
the  c(41ected  substance  will  often  suffice  to  separate  sufficientiy  the  silicious 
frustules  from  the  other  particles — the  heavier  grains  of  sand  sinking  to  the 
bottom  of  the  vessel,  while  the  Diatoms  are  still  suppended  in  the  fluid ;  and 
on  the  other  hand,  the  decayed  organic  and  other  matters,  lighter  than  the 
frostules,  will  remain  in  the  supernatant  liquid  after  the  latter  are  precipi- 
tated. Repeated  careful  decanting  and  washing  may  be  all,  therefore,  that  is 
leqoired. 

Another  method  applicable  to  recent  living  specimens,  dependent  on  the 
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tendency  towards  the  light,  at  least,  of  many  species,  may  be  adopted  bf 
placing  the  half-liquid  mud  in  shallow  pans  or  plates  in  the  sonshine,  when 
many  species  may  be  found  to  rise  as  a  film  on  the  sur&ce,  or  to  congregate 
near  the  edge  or  sides  of  the  vessel. 

When  the  frostules  are  much  intermixed  with  mud,  which  is,  xmder  cer- 
tain circumstances,  inevitable,  various  plans  have  been  adopted  for  sepu^ting 
them  for  examination.  Mr.  Okoden  details  the  following  plan,  which,  with 
certain  modifications  to  be  mentioned,  has  been  described  also  by  Dr.  H. 
Munro : — 

"  The  plan  "  {J.  M,  S.  1855,  pp.  158, 159)  "  consists  in  making  the  deposits 
fell  through  a  constant  depth  of  water,  in  various  periods  of  time ;  thus 
dividing  the  Diatoms,  according  to  their  sizes,  into  portions  of  several  dif- 
ferent gravities."  It  is  thus  carried  out :  "  Take  about  a  cubic  inch  of  the 
clay  to  be  examined,  digest  it  for  about  four  hours  in  strong  nitric  acid  at  a 
moderate  temperature  ;  now  add  gradually  an  equal  quantity  of  hydrochloric 
acid,  effervescence  takes  place,  a  further  action  on  the  clay  ensues ;  keep 
boiling  for  about  three  hours  more,  occasionally  stirring,  and  then  allow  the 
mixture  to  cool  and  settle  down,  which  it  will  do  in  about  an  hour ;  pour  off 
the  superfluous  acid  and  wash  the  residue  repeatedly  with  water,  so  as  to  get 
rid  of  the  remaining  acid. 

"  The  next  operation  is  to  divide  the  sediment  into  portions  of  various 
spedific  gravities :  for  this  purpose  it  is  necessary  to  have  several  beakers, 
about  3  or  4  inches  in  height,  and  about  1^  to  2  inches  in  diameter ;  also 
one  very  large  beaker,  about  6  to  9  inches  in  diameter :  we  will  caU  the  laige 
beaker  A.  Now  transfer  the  sediment  into  one  of  the  small  beakers,  and 
pour  in  water  till  there  is  just  2  inches  depth  of  water  in  the  glass.  Stir, 
and  let  stand  half  a  minute  by  the  watch,  and  then  pour  off  carefully  into 
the  large  beaker  A ;  repeat  this  about  half  a  dozen  times,  each  time  pouring 
off  into  A  aU  that  does  not  fall  through  the  2  inches  of  water  in  the  half- 
minute,  and  at  last  the  small  beaker  will  contain  only  what  fells  through 
2  inches  of  water  in  half  a  minute.  Now  let  A  stand  about  half  an  hour, 
pour  off  careMly,  and  transfer  the  sediment  in  A  to  another  small  beaker ; 
put  2  inches  of  water  with  it,  stir  and  let  stand  for  2^  minutes,  then  pour 
off  into  A.  Kepeat  this  about  six  times,  and  there  will  now  be  another  small 
beaker  containing  all  that  fells  through  2  inches  of  water  in  2^  minutes, 
while  in  A  is  all  that  does  not  fall  through  that  distance  in  that  period.  Let 
A  stand  half  an  hour,  pour  off  and  transfer  the  sediment  to  another  small 
beaker,  stir  and  let  it  stand ^vtf  minutes,  pour  off  into  A  as  before,  and  repeat 
this  as  before  about  six  times.  There  is  now  another  beaker,  containing  all 
that  fells  through  2  inches  of  water  in  5  minutes.  After  this  I  do  not  divide 
them  any  further,  but  caU  the  last  remainder,  or  what  remains  in  A  after 
it  has  stood  its  half-hour,  *  Not  in  five  minutes.*  Thus  we  have  four 
different  glasses,  containing  Diatoms  and  clay  mixed,  of  four  different  densi- 
ties: thus,  0  to  ^;  i  to  2^;  21  to  5 ;  not  in  5.  There  is  now  a  method  of 
concentrating  the  coarsest  of  tnese  sediments,  namely  the  0  to  ^,  the  ^  to 
2^,  and  sometimes  the  2^  to  5.  It  consists  in  taking  the  beaker  containing 
the  sediment  and  pouring  about  an  inch  of  water  on  it.  Let  it  settle  about 
6  minutes,  and  then  place  the  glass  on  a  table,  and  impart  a  whirling  motion 
to  the  whole  by  moving  it  roimd  and  round,  when  the  greatest  portion  of  the 
Diatoms  will  rise  up  in  a  sort  of  eddy,  while  the  particles  of  mud  or  sand 
will  remain  at  the  bottom,  even  though  they  are  of  the  same  specific  gravity 
as  the  Diatoms,  and  have  fallen  through  the  same  distance  of  water  in  the 
same  time.  This  is  because  the  Diatoms  are  mostly ^<  and  thin,  while  the 
particles  of  sand  and  mud  are  round ;  in  the  same  way,  if  we  take  a  round 
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pebUe  and  an  oyater-ahdl  both  of  the  cuime  weight,  and  throw  botii  hori^ 
notdly  into  the  water,  the  pebble  will  reach  the  bottom  sooner  than  the 
ojBteiHihelL  So,  when  the  whirling  motion  is  imparted  to  the  ^ass,  the  thin 
ibt  sheUs  of  the  Diatoms  will  rise  up  in  a  doud,  while  the  round  particles  of 
mod  and  sand  will  remain  behind ;  when  the  doud  rises  up,  pour  it  off  quickly 
and  dertrously  into  another  glass,  and,  if  necessary,  repeat  the  process ;  and 
a  little  practice  will  enable  the  operator  to  separate  all  the  IHatoms  most 
eflfrftnally.  I  have  said  before  that  this  process  will  only  apply  to  the  0  to  ^, 
^  to  2^,  and  sometimes  the  21  to  5  sediment,  but  not  to  any  finer  one ; 
praetioe  will  soon  teach  this.  The  '  not  in  5 '  cannot  be  concentrated — ^it  is 
too  fine,  and  the  whole  rises  together  on  imparting  the  whirling  motion  to  it. 

''  It  is  not  neoessaiy  to  abide  invariably  by  the  divisions  of  time  which  I 
bftTe  given  here. 

'*  These  must  be  varied,  of  course,  according  to  the  nature  of  the  day  to  be 
examined.  For  instance,  in  a  day  I  have  recently  tried  from  34  feet  below 
the  bed  of  the  river  at  Cardiff,  nearly  the  whole  of  what  was  left  after  the 
0to^fellinthe^to2^.  I  therefore  divided  it  thus :  0  to  ^,  ^  to  1|,  and 
1^  to  2| ;  a  little  practice  will  soon  teach  this. 

"  The  advantages  of  the  plan  are,  I  think,  obvious.  In  the  first  or  coarsest 
sediments  we  get  all  the  larger  and  finer  Diatoms  by  themselves,  unmixed 
with,  and  consequently  unobscured  by,  the  innumerable  smaller  ones  and 
the  fine  partidee  of  mud  and  sand,  while,  if  any  of  them,  such  as  the  Eupo^ 
di$ei  or  Campyloditeiy  are  rare,  they  are  sure  to  be  found  in  either  the  first  or 
second  division  of  densities,  and  by  their  being  concentrated  and  brought  as 
it  were  into  a  small  compass,  the  detection  of  them  is  easy  and  certain. 

'*  In  the  next  division,  or  the  2^  to  5,  we  shall  find  the  moderate-sized 
Biatoins ;  and  lastly,  in  llie  '  not  in  5,'  we  get  a  mass  of  the  remaining  and 
smaller  Diatoms,  all  of  which  small  ones  are  themsdves  the  more  readily  seen 
and  identified  when  separated  from  their  larger  brethren. 

**  I  would  venture  to  add,  moreover,  that  I  think  the  examination  of  these 
deposits  for  the  various  spedes  is  much  fieualitated,  as  the  slides  containing 
the  0  to  1^  sediment  may  be  examined  with  the  inch  objective,  the  ^inch 
will  do  to  examine  the  1^  to  2^  and  2^  to  5,  while  the  4-inch  need  not  be 
used  tin  we  come  to  the  'not  in  5;'  whereas,  were  they  all  mixed,  the -^inch 
would  be  required  to  examine  the  whole. 

*'  I  should  add,  that  what  is  poured  off  the  large  beaker  A,  after  it  has 
stood  the  half-hour  each  time,  may  be  fiung  away  and  the  sediment  only 
transferred  to  the  small  beakers,  as  from  the  large  size  of  it  there  will  rardy 
be  more  than  2  inches  depth  of  water  in  it,  and  half-an-hour  is  ample  time 
to  ensure  every  diatomaceous  partide  falling  to  the  bottom  and  being  pre- 
Mtved  and  detected  in  one  or  tiie  other  of  the  divisions." 

Br.  Munro's  plan  is  a  variation  of  the  above  proceeding,  and  is  thus  de- 
tailed (J,  M.  8, 1855,  p.  242) :  <'  I  first  boil  the  deposit  in  strong  hydrochloric 
acid  for  five  or  ten  minutes,  then  allow  it  to  subside,  pour  off  aU  the  add,  and 
h^  a  few  washings  get  as  much  of  it  away  as  possible  ;  then  treat  the  deposit 
in  the  same  way  with  strong  nitric  acid,  washing  the  depodt  by  r^>eated 
washings  to  get  rid  of  the  remaining  add.  When  this  is  done,  I  then  sepa- 
ntte  the  Diatoms  according  to  their  different  gravities  by  allowing  them  to 
pass  through  a  column  of  water  in  the  following  manner: — 

"  I  take  a  long  glass  tube  about  four  feet  long  and  half  an  inch  in  bore. 
At  the  bottom  of  this  tube  is  fixed  a  stop-cock  to  enable  me  to  let  out  any  of 
the  Diatoms  during  any  stage  of  the  process.  Having  nearly  filled  this  tube 
with  distilled  water,  I  pour  in  my  deposit  washed  free  from  the  adds.  I 
Witch  the  deposit  as  it  falls  dowly  and  gradually  down  the  tube,  and  with  a 
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Goddrngton  lens  can  easily  detect  the  larger  Diatoms  as  they  are  precipitated. 
In  about  a  quarter  of  an  hour,  many  of  the  larger  forms  will  have  descended 
to  the  bottom  of  the  tube.  By  turning  the  tap  at  the  bottom  of  the  tube,  I 
let  out  a  drop  of  the  mixture  on  a  slide,  and  examine  it  with  a  low  power 
(^inch) ;  and  if  it  be  tolerably  dear,  and  the  Diatoms  of  one  character,  I  then 
let  off  five  or  six  inches  of  the  mixture  into  a  test-tube,  and  set  it  aside  for 
re-examination  after  the  Diatoms  have  subsided.  In  a  quarter  of  an  hour 
more,  I  again  let  off  into  another  test-tube  six  or  eight  inches  more  of  the 
mixture,  and  place  it  aside  to  settle.  In  half  an  hour  more  I  let  off  into 
another  test-tube  six  or  eight  inches  of  the  mixture,  which  will  contain  the 
finer  Diatoms  by  themselves,  generally  free  from  all  mud  and  sand.  I  ihesi 
pass  each  of  these  washings  again  through  the  long  tube  of  distilled  water ; 
and  by  examining  the  mixture  during  the  process  of  its  subsidence,  I  am 
enabled  to  let  out  the  heavier  particles  of  sand  or  mud,  and  to  obtain  pretty 
dean  all  those  Diatoms  which  are  alike  in  size,  or  at  all  events  in  specific 
gravity.  8ome  Diatoms  take  a  longer  time  than  others  in  settling  to  the 
bottom  of  the  tube,  and  separating  themselves  from  extraneous  matter,  sudi 
as  the  Nitzschia,  Closterium,  &c ;  but,  by  a  little  patience,  and  an  extra 
washing  through  the  tube,  these  difficulties  may,  in  a  great  measure,  be 
overcome.  By  this  method,  I  have  found  the  Pleurosigmata,  Pinnulari4jB, 
SurtreUcB,  eoid^ynedrai  very  weU  separated,  those  of  a  like  character  being 
found  together.  I  have  been  stimulated  to  send  these  few  remarks  on  the 
washing  of  Diatomacese,  on  account  of  the  great  difficulty  I  have  hitherto 
experienced  in  procuring  slides  free  from  mud,  sand,  and  other  extraneous 
matters.'' 

Mr.  Okeden  offers  the  following  plan  for  obtaining  specimens  imbedded  in 
mud  at  considerable  depths,  in  making  borings  for  engineering  purposes.  He 
prefaces  the  description  of  his  apparatus  by  that  of  the  usual  boring  ap- 
paratus, which  '<  consists  essentially  of  any  number  of  iron  rods  "  (J,  M.  8, 
1854,  p.  26),  ''which  screw  one  into  the  other ;  to  one  of  these  is  screwed  an 
auger  or  a  chisd-point,  as  the  case  may  require.  This  is  inserted  into  the 
ground  to  be  tested,  and  worked  round  by  manual  force  and  downward  pres- 
sure, length  after  length  of  rod  being  added  as  the  ground  is  penetrated.  In 
addition,  then,  to  this  apparatus,  I  obtained,  first,  several  lengths  of  wrought- 
iron  gas-pipe,  about  an  inch  in  diameter,  and  each  screwing  into  the  other ; 
and  dso  a  similar  number  of  iron  rods,  each  a  few  inches  longer  than  the 
lengths  of  gas-pipiog,  and  each  also  screwing  into  the  other :  to  the  end  of 
one  of  these  lengths  of  rod  is  attached  a  cork  of  the  eaxu^t  diameter  of  the 
gas-pipe,  or  a  tnfle  larger.  This  cork  is  fixed  by  a  washer  and  nut.  The 
gas-piping  should  be  in  lengths  of  about  8  feet  each,  as  this  la  the  most  con- 
venient in  work :  one  of  these  lengths  should  also  be  again  divided  into  two 
parts,  which  must,  however,  screw  and  unscrew ;  and  this  length  is  to  be 
the  one  first  put  into  the  ground  or  mud,  for  reasons  which  I  will  presently 
explain. 

**  The  mode  of  proceeding  is  as  follows :  First,  a  hole  is  bored  to  the  required 
depth — say  20  feet — ^with  the  usual  boring  apparatus ;  this  done,  the  appa- 
ratus IB  drawn  out,  the  jointed  length  of  gas-pipe  is  now  introduced, — the  end 
of  it,  with  the  rod  to  which  the  cork  is  attached,  having  been  previously 
stopped,  the  rod  passing  up  the  centre  of  the  gas-pipe ;  this  is  let  down  the 
hole,  another  length  of  pipe  being  attached,  and  another  length  of  rod,  and 
so  on,  length  after  length  of  pipe  and  rod,  until  the  bottom  of  the  hole  is 
reached.  We  shall  thus  have  a  continuous  length  of  gas-piping,  which  will 
be  penetrated  by  a  continuous  length  of  iron  rod  attadied  to  the  cork  at  the 
end  of  the  pipe.    It  is  obvious  that  this  cork  will  entirely  prevent  any  foi^ign 
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matter  from  entexing  the  gas-^pe.  Having  thus  reached  the  bottom  of  the 
hole,  now  poll  up  the  coik  into  the  gas-pipe  about  4  feet,  by  means  of  the 
rod  attached  to  it,  and  then  press  the  whole  apparatus  into  the  soft  mud. 
Tbe  piessore  will  now  dnve  the  mud  up  into  the  pipe  as  far  as  the  cork  is 
drawn  up.  Now  remove  the  whole  apparatus,  and  by  means  of  the  rod  push 
the  c(»k  back  again  to  the  end  of  the  last  length  of  pipe,  when  the  charge  of 
mud  will  be  driven  out  in  the  form  of  a  sausage ;  and  by  rejecting  the  two 
ends  of  ity  and  taking  only  the  middle  piece,  we  may  be  peifectly  sore  that 
the  mod  at  that  dep&,  and  that  only,  has  been  obtained. 

«  Having  secored  the  price,  the  short  length  of  piping  which  contained  it 
IB  now  to  be  unscrewed,  and  carefully  washed  with  a  common  gan-deaning 
rod  and  some  tow,  when  it  is  ready  for  another  experiment. 

^  ^th  this  apparatos,  then,  I  have  penetrated  Neyland  mud  in  various 
places  to  d^ths  of  20,  30,  and  40  feet." 

The  Diatomeee  eiristing  often  so  abundantly  in  Guano  may  be  separated  on 
a  simpler  plan  to  that  pursued  in  the  case  of  sedimentary  deposits  and  col- 
lectioQs  of  fiwsil  specimens.  The  proceeding  la  always  preceded  by  several 
washings  in  dear  water,  and  by  pouring  it  off  carefdlly,  after  allowing 
a  suffident  time  for  the  insoluble  and  more  weighty  partidee  to  subside. 
The  subsided  matter  is  then  treated  with  hydrochloric  (muriatic)  add  several 
times,— a  due  interval  being  allowed  for  the  cessation  of  effervescence  and 
hr  the  solid  partides  to  settie  before  the  decanting  of  the  liquid  and  the  ap- 
plication of  a  fresh  quantity.  When  the  muriatic  add  ceases  to  produce  any 
diemieal  action,  as  evidenced  by  effervescence,  nitric  add  should  be  substi- 
tuted and  used  in  a  similar  way  two  or  three  limes,  and  the  mixture  raised 
to  neady  or  quite  a  boiling  heat,  after  which  the  powder  collected  at  the 
bottom  of  the  vessel — a  conical  one  should,  by  the  way,  be  preferred,  such  as 
chemists  know  by  the  name  of  *^  predpitate  glasses  '* — ^is  to  be  washed  re- 
peatedly in  pore  water.  The  resultant  substance  will  be  found  to  be  com- 
posed of  siUcioDB  partides,  which  are  dther  Diatomaceous  frustules  or  the 
aOicious  spicules  of  Sponges. 

Frot  Bailey,  in  a  recent  number  of  SilUman^B  Jowrnid,  1856  (p.  145),  re- 
cnmmfnds  the  foUowing  method  of  deaning  Diatomaceous  depodts,  as  more 
speedy  and  efficadous  than  any  other  he  has  tried,  whether  mixed  with 
•oon&igs,  guano,  or  with  mud,  &c. : — ''  Dissolve  out  the  lime  compounds,  if 
present,  by  means  of  nitric  or  hydrochloric  add,  wash,  and  filter.  Then  put 
the  moist  contents  of  the  filter  into  a  porcelain  capsule  with  enough  strong 
mJpkuric  add  to  make  the  whole  a  fluid  mass.  Heat  the  capsule  over  a  spirit- 
lamp  until  the  organic  matters  are  all  charred,  and  continue  the  heat  until 
straig  add  fumes  are  evolved.  £eep  the  capsule  hot,  and  add,  in  minute 
portions  at  a  time,  findy  powdered  cMarate  of  potassa.  If  the  add  is  hot 
enoQ^  to  give  off  fumes,  the  chlorate  vnll  be  immediatdy  decomposed  with- 
out the  accumulation  of  explodve  gases,  and  it  will  exert  so  powerful  an 
oaddizing  action,  that  in  a  few  moments  a  carbonaceous  material  as  black  as 
ink  will  become  perfectly  dean  and  colourless.  Nothing  now  will  remain  to 
be  done  but  to  wash  off  the  add,  which  is  best  done  by  the  addition  of  water 
and  r^Mated  decantations.  I  would  also  advise  that  the  materials  thus  deaned 
dioold  not  be  dried,  but  should  be  kept  in  bottles  with  a  little  alcohol,  which 
prevents  their  felting  together,  and  does  not  allow  the  growth  of  the  byssoid 
plantB  which  often  develope  in  water. 

^  It  is  necessary  to  caution  those  not  femiliar  with  chemistry  against  using 
the  chlorate  of  potassa  with  sulphuric  add  in  any  other  way  than  above  di- 
reeted,  as  violent  and  dangerous  explodons  might  result.  The  process  as 
above  given  is  perfectly  safe  and  very  effective." 

Anc^er  |^n  of  separation  of  the  shells  of  Diatomeae  or  of  Foraminifera 
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Sb  snecessMLj  adopted  by  Prof.  Bailey  and  D'Orbigny,  and  is  thus  desciibed 
by  the  former  (Proceedings  of  American  Assoc,  for  ^  Advancement  of  Sdenee, 
1849,  p.  409) : — *'  Where  the  mixture  of  inoiganic  matter  is  in  large  propor- 
tion to  the  Infusoria  and  other  mioroBcopic  oi^anisms,  and  corresponds  nearfy 
in  specific  grayity/'  the  deposit  is  to  be  thoroughly  dned,  whereby  the  minute 
unbroken  ^ells  will  become  filled  with  air,  and  consequently  when  rapidly 
stirred  up  with  water  they  will  be  buoyed  up,  and  continue  suspended  after 
the  intermixed  sand  has  settled  at  the  bottom.  They  may  then  be  easily  re- 
moved from  the  surface  and  transferred  by  alternately  touching  the  surfiuse 
of  the  water  with  the  finger,  and  the  glass  slide  on  which  they  are  to  be  placed. 
The  sediment,  if  dried  again,  will  often  yield  another  abundant  supply  of  the 
minute  shells.  *'  By  the  above  means,''  adds  Dr.  Bailey,  **  I  have  obtained 
exquisite  specimens  from  the  bottom  of  dried-up  ponds,  from  the  sands  of 
harbours,  and  from  the  mud  attached  to  floating  ice  in  the  Hudson  Elver, — 
materials  presenting  the  two  extremes  of  very  coarse  gravel  and  the  finest 
sediment,  neither  of  which  would  have  given  good  results  by  any  oth^ 
process." 

In  the  case  of  some  deposits  the  sheUs  of  the  Diatomacee  are  so  far  the 
chief  constituents,  that  no  preparation  is  needed  before  subjecting  them  to 
microscopic  investigation. 

The  cohesion  of  Diatomaceous  deposits  is  at  times  so  great  that  a  difficulty 
is  encountered  in  separating  them.  A  method  of  dealing  with  such  is  de- 
tailed by  Prof.  Bailey  (Sill.  Jowm.  1866,  p.  356) :— "  Many  masses  of  fossil 
DiatomacesB  are  so  strongly  coherent,  that  they  cannot  be  difiPiised  in  water 
(for  the  purpose  of  mounting  in  balsam)  without  a  degree  of  medianical  vio- 
lence which  reduces  to  fragments  many  of  the  most  beautiful  and  interesting 
forms.  This  is  particularly  the  case  with  some  specimens  from  the  '  infusorial 
deposits '  of  GaHfomia.  Some  of  these  I  endeavoured  to  break  up  by  boiling 
in  water  and  in  acids,  and  also  by  repeated  freezing  and  thawing  when  moist- 
ened, but  without  good  results  in  either  case.  At  last  it  occurred  to  me  that 
the  adherence  might  be  due  to  a  slight  portion  of  a  silicious  cement,  which 
tbe  cautious  use  of  an  alkaline  solution  might  remove  without  destroying  any 
but  the  most  minute  shells  of  the  Diatoms.  As  the  case  appeared  a  desperate 
one,  a  '  heroic  remedy '  was  applied,  which  was,  to  boil  small  lumps  of  the 
Diatomaceous  mass  in  a  strong  solution  of  caustic  potassa  or  soda.  This  proved 
to  be  perfectly  efficacious,  as  the  masses  under  this  treatment  rapidly  split  up 
along  the  planes  of  lamination  and  then  crumbled  to  mud,  which,  being  im- 
mediately poured  into  a  large  quantity  of  water,  ceased  to  be  acted  upon  by 
the  alkali,  and  gave,  when  thoroughly  washed,  not  only  all  the  lai^  shells 
of  the  Diatoms  in  a  state  of  unhoped-for  perfection,  but  also  furnished  abun- 
dance of  the  minute  forms.  Having  obtained  by  this  method  highly  satis- 
factory results  from  specimens  from  many  localities,  I  can  confidently  recom- 
mend it  as  an  addition  to  our  modes  of  research. 

"  The  following  directions  will  enable  any  one  to  apply  the  process : — Put 
small  lumps  of  the  mass  to  be  examined  into  a  test  tube,  with  enough  of  a 
solution  of  caustic  potassa  or  soda  to  cover  them ;  then  boil  over  a  spirit-lamp 
for  a  few  seconds,  or  a  few  minutes,  as  the  case  may  require.  K  the  solution 
is  sufficiently  strong,  the  masses  will  rapidly  crumble  to  mud,  which  must  be 
poured  at  once  into  a  large  quantity  of  water,  which,  after  subsidence,  is  re- 
moved by  decantation.  If  the  mass  resists  the  action  of  the  alkaline  liquor^ 
a  still  stronger  solution  should  be  tried,  as,  while  some  specimens  break  up 
instantly  in  a  weak  solution  of  alkali,  others  require  that  it  should  be  of  tl^ 
consistence  of  a  dense  syrup.  The  mud  also  should  be  poured  off  as  &st  as 
it  forms,  so  as  to  remain  as  short  a  time  as  possible  in  the  caustic  ley. 
•  **  The  only  specimens  which  I  have  found  not  to  give  good  results  by  the 
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mediod  above  described,  are  thoee  finom  Tampa  Bay,  Florida,  and  the  infa- 
mml  maris  from  Bariwdoes.  In  the  masses  from  Tampa  the  li^idification  is 
80  ooiii]dete  that  the  alkali  destroys  the  shells  before  the  hunps  break  up ; 
and  in  the  ease  of  the  fiarbadoes  maris  the  cementing  material  is  calcareous, 
and  requires  a  dilute  add  for  its  removal.  In  applying  the  above  process, 
one  eaution  is  necessary,  which  is  to  thoroughly  wash  the  shells  with  water ^ 
and  not  with  acids,  as  the  latter  will  cause  the  deposit  of  a  portion  of  the 
diasdved  silica,  and  materially  injure  the  beauty  of  the  specimens.  When 
the  washings  are  no  longer  alkaline,  the  specimens  may  be  thoroughly 
deansed  by  adds,  ot  by  the  chlorate  process  described  above.'' 

A  veiy  ingenious  plan  of  getting  transverse  and  oblique  sections  of  Dia- 
toinaoe(Mis  shells  is  mentioned  by  Schleiden  {Prindples  of  Botany ,  translated 
hy  LanketteTy  p.  594),  which  is  precisely  siniilar  to  that  for  obtaining  trans- 
Terse  sections  <^  hair,  as  first  given  in  PrUeharcTs  Microscopic  Objects,  It 
eonaistB  in  mixing  any  very  pure  deposit  with  mucilage,  and,  b!kbre  the 
ndxtore  is  c(»npletely  hardened,  cutting  off  delicate  slices  with  a  razor  or 
sharp  knife.  The  preservation  of  Biatomes  for  examination  is,  on  account  of 
their  siHeious  composition,  easy ;  and  it  is  only  in  the  case  of  the  stalked,  fila- 
nenUnv,  and  frondoee  species  that  any  special  arrangements  are  necessary — 
except,  indeed,  those  demanded  in  order  to  mount  them  as  permanent  micro- 
scopic preparations. 

Be£m  the  structure  of  the  silidous  epiderm  can  be  made  out,  the  endo- 
ehrome  of  living  specimens  must  be  destroyed,  which  can  be  effected  by  heat- 
ing the  frustnles  on  a  piece  of  talc  or  platinum-fbil.  But  where  it  is  wished 
to  preserve  them  in  a  fresh  state,  so  that  their  natural  living  appearance  may 
as  ftf  as  possible  be  retained,  immersion  in  creosote  and  water  is  recom- 
mended by  Mr.  ^ladbolt.  Prof  Smith,  however,  finds  distilled  water  supe- 
rior to  any  mixture,  which  is  not  merely  unnecessary,  but  injurious.  '^  I^'' 
says  tiie  author  last  mentioned,  ^*  the  filamentous  and  stipitate  forms  are  not 
moonted  in  a  fresh  state,  the  frnstules  separate  from  each  other,  part  frx>m 
their  stipes,  and  lose  their  characteristic  appearance.  To  remedy  these  in- 
eoiiveniences,  I  immerse  such  specimens  as  cannot  be  placed  in  cells  when 
freshly  gathered,  in  spirits  of  wine  and  water,  one  part  of  the  former  to  six 
fi  the  l^ter ;  and  their  attachment  to  their  stipes  remains  afterwards  undis- 
torbed,  unless  violence  be  employed  to  separate  them." 

Fosdl,  and  chemically-prepared  and  dried  specimens  are  usually  preserved 
in  Ganada  balsam,  which  is  heated  and  rendered  fluid,  so  that  it  enters  within 
the  cavity  <^  the  frnstules.  The  fluidity  of  the  balsam  is  increased  by  the 
addition  of  a  little  turpentine  or  rectified  spirit.  The  presence  of  balsam, 
however,  obscures  the  markings  of  the  silidous  epiderm ;  and  it  has  been 
foond  better,  where  the  resolution  or  determination  of  the  superficial  sculp- 
toiing  is  very  difficult,  to  mount  the  frustules,  in  a  dry  state,  on  a  thin 
object-glass,  and  under  cover  of  a  very  thin  piece.  ''  To  prevent  the  admis- 
aon  of  moisture,  which  would  ultimatdy  make  its  way  to  the  object  and  de- 
■tro^  its  value,  it  is  indispensable  that  tiie  coyer  should  be  cemented  to  the 
ttm  ^aas  bekw."  {Synops.  i.  p.  xxxii.) 

In  a  collection  of  IMatomesB,  we  may,  by  a  magnifier,  such  as  a  Coddington 
latt,adeet  certain  specimens  from  ti^e  rest  to  be  mounted.  This  can  be 
«fc^ed,  wben  the  size  permits,  by  the  projecting  tenninal  hairs  of  a  fine 
camel-hair  pendl,  or  by  the  moistened  tip  of  a  needle ;  but  if  the  shell  be 
too  mmute  for  this,  a  single  stout  hair  or  bristle  will  frequently  suffice,  and 
mofe  satisfiictmly  and  readQy  if  the  hair  be  split  at  the  end.  f^Bedfem, 
oC  Aberdeen,  pointed  out  the  advantage  of  spHt  hairs  for  the  purpose,  in  a  brief 
CQmmimicati<m  to  the  Tllf.  8. 1853,  p.  235.     He  reccmimends  a  hair,  split 
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into  three  to  five  or  six  parts  at  one  extremity,  to  be  fixed  by  the  other  in  a 
piece  of  cork,  and  held  in  a  common  needle-holder.  Such  split  hairs  are  com- 
mon enough  in  an  old  shaying-bmsh  ;  but  the  divergence  of  the  split  porticms 
should  be  so  slight  that,  nntU  pressed  upon,  the  hair  shonld  appear  single  and 
unbroken.  He  has  also  found  entire  hairs  very  nsefdl  when  set  in  needle- 
holders  in  a  similar  manner.  The  split  hairs  act  like  forceps,  expanding  by 
pressure  so  as  to  embrace  the  object,  and  closing  upon  it  by  their  elasticity 
when  the  pressure  is  withdrawn. 

To  select  certain  portions  of  a  collection  of  Biatomese  from  oth^B,  Dr. 
Carpenter  gives  these  directions  {The  Micro9copey  p.  340) : — *'  Either  of  the 
two  following  modes  may  be  put  in  practice.  A  small  portion  of  the  sedi- 
ment being  taken  up  in  the  dipping-tube,  and  allowed  to  escape  upon  the 
slide,  so  as  to  form  a  long  narrow  line  npon  it,  this  is  to  be  examined  with 
the  lowest  power  with  which  the  object  we  are  in  search  of  can  be  distin- 
guished ;  and  when  one  of  the  specimens  has  been  found,  it  may  be  taken 
up,  if  possible,  on  the  point  of  the  hair,  and  transferred  to  a  new  slide,  to 
which  it  may  be  made  to  adhere  by  first  breathing  on  its  surfisice.  But  if  it 
be  found  impracticable  thus  to  remove  the  specimens,  on  account  of  their  mi- 
nuteness, they  may  be  pushed  to  one  side  of  the  slide  on  which  they  are 
lying;  all  the  remainder  of  the  sediment  which  it  is  not  desired  to  preserve 
may  be  washed  off ;  and  the  objects  may  then  be  pushed  back  into  the  middle 
of  Uie  slide,  and  mounted  in  any  way  that  may  be  desired."  See  Gobikg  and 
P&ncHABn's  Microscopic  lUtistrations,  Microscopic  Cabinet,  and  Micrograpkia 
for  much  original  information  on  these  matters. 
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Sect.  II.— OF  THE  PHYTOZOA. 
(Hatee  XYm.  XIX.  XX.  and  XXVI.) 

Thb  BEnres  nrcLTmsD  ttvdkr  this  Naxb:  thbib  Gdtseal  CniEACTnt.^ 
DiYisioif  nrro  Gboups  ok  Tkibss. — ^Ths  collection  of  microscopic  beings  we 
would  comprehend  under  the  tenn  Phttozoa  comprises  most  of  the  Anentera 
of  Ehienberg,  with  the  exception  of  Amc^xea,  AredUnay  Dimbryma,  BaeiU 
laria,  Closterina,  PeridinuMy  and  CycUdina.  After  excluding  these  fianiUes, 
there  remain  Monadina,  ChrypUmumadina,  ffydramortnay  Volvoeinaf  Ft^rr- 
wtta,  and  Astaskea,  which,  although  they  exhibit  great  diversity  among 
themselTeSy  nevertheless  have  certain  characters  in  common,  whilst  their 
mntual  differences  in  essential  particulars  of  oiganizati<m  and  vital  endow- 
ments are  l3ss  than  those  separating  them  from  tiie  ciliated  animalcules.  On 
the  other  hand,  they — at  least  the  majority— exhibit  very  marked  genuine 
aflftnities  with  the  Biatokeji  and  DiSMiDixii  as  plants.  In  point  of  fact, 
these  organisms  stand  on  the  confines  between  the  animal  and  vegetable 
kingdoms, — some  genera  distinctly  belonging  to  the  latter,  others  doubtfdlly 
to  the  former,  whilst  many  pass  through  such  phases  of  existence  that  at 
one  time  they  assume  the  characters  of  animals,  at  another  those  of  plants. 

This  apparently  mixed  animal  and  vegetable  nature  is  expressed  by  the 
term  Phytozoa,  derived  from  two  Greek  words,  signifying  plant-animals. 
Another  term,  used  by  Perty,  vix.  Phytozaida,  is  a  simple  expansion  of  the 
word  Pkytozoa,  signifying  literally  anunal-^^  plants.  Cohn  employs  in  its 
stead  the  term  FlagdUUa,  derived  from  the  locomotive  organ  or  jiageUmm 
which  most  species  possess,  whilst  others  prefer  the  word  FlabeUifera, 

In  the  opinion  of  the  majority  of  modem  writers,  the  Phytozoa  are  in 
general  undistiugniahable  from  unicellular  Algse,  among  the  different  fionilies 
of  which  they  consequently  seek  to  distribute  them ;  and  doubtless  the 
ereation  of  such  a  group  is  purely  artificial,  and  cannot  be  admitted  in  any 
attempted  philosophical  or  natural  classification  of  microscopic  organisms. 
However,  since  so  much  uncertainty  and  dispute  still  prevail  on  the  question 
of  the  aidmal  or  v^etable  nature  of  very  many,  and  since  our  knowledge  of 
the  phases  of  existence  of  a  large  number  is  so  imperfect,  it  is  really  impos^ 
Goble  to  establish  any  satisfietctory  classification,  (fa  this  account,  and  also  to 
bring  t<^ether  for  convenienoe'  sake  a  mass  of  information  respecting  several 
eoEections  of  beings  enumerated  among  the  AnerUeraus  Polygastriea  of 
Ehrenbeig,  difilcult  or  impossible  to  arrange  under  any  other  heading,  we 
resort  to  tliis  artificial  division,  and  in  so  doing  have  the  example  of  Perty 
and  other  writers.  After  describing  what  can  be  predicated  of  uie  Phytozoa 
in  general,  we  shall  find  it  necessary  to  consider  them  under  several  sections 
or  tribes,  by  reason  of  the  differences  which  prevail  among  them  in  form, 
mode  of  growth,  and  other  particulars ;  and  in  speaking  of  each  tribe  shall 
point  out  its  general  afflnitiee  to  the  others,  and  to  any  fronilies  of  Infusoria 
or  of  Algffi. 

FiexnuB.  Covebtkgs  of  Phytozoa. — ^The  Phytozoa  are  id  more  simple 
organization  and  of  less  varied  outline  than  the  ciliated  Protozoa.  In  figure 
they  are  commonly  round,  or  oval,  or  elliptical,  and  either  present  no  processes. 
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or  only  an  elongated  neck  beaiing  one  or  more  cilia  (JlabeUa)  to  serve  as 
loeomotiye  oigans. 

How  greatly  their  figoie  and  size  are  dependent  on  the  external  inflaence 
of  light,  is  wdl  shown  by  some  recent  researches  of  Cohn  on  SU^ha/notphara 
{Nov,  Act.  Acad,  Curios,  xxvi.  1857).  On  placing  specimens  of  this  organism, 
some  in  transparent  glass  yessels,  others  in  semitransparent  and  green  ones, 
others  in  porcelain,  and  others  again  in  perfectly  opaque  cups,  the  modifica- 
tions in  size  and  figure,  according  to  the  intensity  of  light  they  received, 
were  altogether  inci^ble.  In  the  opaque  vessek,  where  tiiey  got  little  light, 
the  green  cells  remained  delicate,  small,  and  widely  dispersed,  whilst  in  the 
transparent  glasses,  under  sunlight,  they  became  many  times  laiger  and 
crowded  together,  and  their  figure  fusiform,  irregular,  and  produced  into 
numerous  protoplasmic  processes.  Indeed,  on  placing  two  portions  of  the 
same  collection  of  St^hanospTuera-gloheBf  the  one  in  a  transparent,  the  other 
in  an  opaque  vessel,  the  swarming  individuals  in  the  two  will  be  found  so 
unlike  that  they  might  be  readily  conceived  to  be  different  species. 

The  outline  is  fixed  where  the  organism  has  a  firm  envelope ;  and  most  of 
the  Phytozoa  have  such  in  one  phase  of  their  existence,  viz.  when  they  undergo 
the  encysting-process.  We  are  not  acquainted  with  the  entire  history  of 
many  genera ;  but  from  what  we  know  of  some,  we  may  arg^e  by  analogy  of 
all,  that  in  the  earliest  stages  of  existence  these  cellular  organisms  have  no 
distinctly  organized  wall,  although  they  may  have  a  pellicle  derived  from  the 
contact  of  the  protoplasm,  of  which  they  consLst,  with  surrounding  media, — a 
mere  superficial  induration,  but  no  separable  membrane.  Such  is  true  of  the 
individual  cells  of  Vohoa;  (XX),  of  Euglena  (XYUI.  45,  46),  and  of  Monads 
(Xyni.  1  to  28)  in  general.  Subsequently  a  cell-wall,  the  primordial  mem- 
brane or  sac,  may  be  produced,  distinct  and  separable  from  the  contained 
substance.  Furthermore,  many  examples  do  not  stop  here,  but  proceed 
to  throw  out  a  second  wall  exterior  to  the  last-named,  separated  frequently 
from  it  by  a  small  interspace,  and  having  a  much  denser  and  firmer  consist* 
ence.  The  cell,  or,  as  Prof.  Henfrey  calls  it  in  the  (^ise  of  Pandorina^  the 
gonidium  (XIX.  61),  encloses  itself,  in  fact,  within  a  cyst  (XIX.  69),  and  in 
so  doing  mostly  alters  its  form  materially,  loses  its  previous  animal  characters, 
becomes  '  still,'  and  at  the  same  time  qualified  to  sustain  life  under  various 
adverse  external  influences,  and  to  continue  the  species  by  an  ulterior  act  of 
development.  In  all  this  we  trace  an  exact  parallel  with  the  history  of  the 
spores  of  the  lower  Algse ;  and  there  is  no  question  that  many  of  the  Phytozoa 
are  no  other  than  spores,  sporozoids,  or  zoospores.  Moreover,  it  is  equally  dear 
that  many  Monadina  and  Cryptomonadina  described  by  Ehrenbc^  are  but 
two  phases  of  one  and  the  same  organism. 

Not  a  few  Phytozoa  present  an  additional  covering  in  the  shape  of  a  muci- 
laginous layer.  This  is  foimd  in  isolated  species,  as  Protoeoccus  phwiaUs, 
and  generally  in  all  the  aggregated  forms ;  indeed,  it  is  the  principal  agent 
in  the  construction  of  the  latter.  It  has  generally  been  assumed  that  this 
mucilaginous  investment  is  an  extracellular  product,  without  a  definite  bound- 
ary ;  but  Cohn  (on  ProtoccocuSy  B.  S.  1853)  has  a  long  argument  to  prove 
that  the  true  cell  is  represented  by  it,  conjointly  with  the  included,  coloured, 
apparent  cell.  Thus,  he  writes  (p.  531)—"  Neither  of  these  bodies  are  true, 
perfect  cells,  inasmuch  as  the  first  wants  the  primordial  utride,  and  the  second 
is  without  the  true  cell-membrane.  The  two  together  would  represent  the 
perfect  cell."  Again,  it  is  stated  in  the  same  page,  "  that  the  internal  globular 
body  is  not  surrounded  by  any  special  cellulose-membrane,  but  only  by  one 
readily  destroyed  by  chemical  or  physical  agency — ^probably  nothing  more  than 
a  dense  layer  of  protoplasnu    On  the  oUier  hand,  the  external  membrane 
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repnsenta  a  true  odl-membrane,  endoeing  between  itself  and  the  coloured 

aobstance  a  oolouiiess  aqueous  fluid,  probably  pure  or  nearly  pure  water." 

And  in  the  sabseqnent  considerations  of  this  stnictore,  Ck)hn  appears  to  arrive 

at  the  oonyiction  that  the  internal  coloured  body  generally  spoken  of  as  the 

cell,  the  actual  unicellular  organism,  represents  the  nucleus  of  a  cell,  of  which 

the  periphery  of  the  mucous  enyelope  is  the  boundary.     In  this  interpretation 

of  the  nature  of  the  mucilaginous  envelope.  Prof.  Williamson  concurs.    Indeed 

this  accurate  observer  proceeds,  farther,  to  show  that  there  is  in  the  case  of 

Volvox  a  true  enclosing  delicate  membrane  to  each  ceU,  and  that  the  hexa- 

gonal  form  is  owing  to  the  mutual  pressure  of  the  aggregated  cells  (PL 

XX.  38).     In  aggregate  forms,  such  as  Volvox,  Qomum,  Pandorina,  &c.,  an 

additional  common  external  membrane  would  seem  to  be  thrown  out,  to  unite 

together  into  one  symmetrical  whole  the  various  members  of  the  colony. 

Perhaps  it  should  be  rather  called  a  pellicle  than  a  membrane,  seeing  that  its 

independent  existence  as  a  separable  structure  cannot  be  demonstrated :  yet 

it  has  a  power  of  resistance ;  for  when  external  force  is  applied  to  a  g^obe  of 

V»h»ox,  the  sur&ce,  thoogh  at  first  depressed,  presently  recovers  itself  by  an 

innate  elasticity ;  and  in  the  case  of  Pandorina  it  seems  so  resistant  and  firm 

that  it  does  not  indent  on  pressure  (XIX.  61 ). 

CELL-coHTEirrs. — ^The  fluid  distending  the  mucilaginous  envelope  around 
moat  Phytosoa,  in  one  or  other  stage  of  being,  is,  according  to  Ck)hn,  as  above 
noticed,  probably  pure  water.  This  opinion  Prof.  Williamson  does  not  enter- 
tain ;  for  he  says  («/.  M,  S.  1853,  p.  55)  '^  it  is  apparently  mucilage.  In  a 
preparation  in  which  a  number  of  these  objects  [of  Volvox]  are  mounted  in 
dilute  alcohol,  this  gummy  matter  has  changed  to  a  brown  colour,  and  refused 
to  min^e  with  the  alcohol,  as  would  be  the  case  supposing  it  to  be  mucila- 
ginous.    This  proves  that  it  is  a  true  secretion  from  the  organism,  and  not 

merely  water  absorbed  by  endosmosis The  secretion  itself  is,  perhaps,  little 

•  more  than  a  diluted  condition  of  the  same  gum  as  that  which  is  more  or  less 
eompletely  converted  into  cellulose  in  the  various  investing  membranes." 

T^  CQitral  globule,  or  the  whole  recognized  organism  where  a  mucilaginous 
envelc^  is  not  present,  consists  of  a  mass  of  protoplasm.  At  first  it  is  homo- 
geaeaoB  and  wiUiout  colour;  subsequently  it  becomes  generally  coloured  and 
granular ;  but  very  shortly  the  included  matters  gather  together  into  a  sort  of 
layer  subjacent  to  the  sui^Etce,  and  leave  the  central  part  clear,  sometimes  so 
oompletely  so  that  it  assumes  the  appearance  of  a  vacuole.  This  substance 
mofeover  has  the  property  of  contractility  inherent  in  it,  and  would  seem,  in 
aU  essential  circumstances,  homologous  with  the  simple  contractile  matter — 
the  Barcode  of  animalcules.  like  the  latter,  it  may  hollow  itself  out  into 
Tseucdes  at  any  part ;  and  such,  says  Cohn  (E.  S.  p.  535),  <<  are  present  in  all 
young  cells,  and  play  a  considerable  part  in  cell-division  and  the  sap- currents." 
The  property  of  contiactility  is  singularly  displayed  in  the  case  of  the  actively 
moving  xoospores  or  sporozoids  of  the  Algse,  and  in  the  motile  form  of  Proto-^ 
eoeeuMy — t .  €.  in  every  instance  where,  from  the  absence  of  more  or  less  inelastic 
membranes,  it  can  exhibit  itself.  The  vacuoles  of  the  protoplasm  occur  in 
varying  numbers,  and  diange  or  disappear  from  time  to  time :  within  they 
contain  an  aqueous  fluid. 

The  contractile  protoplasm  is  itself  colourless ;  yet,  except  in  the  earliest 
stages  of  development,  it  partakes  of  a  green  or  a  red  colour,  or  of  both  these 
eolonrs  together,  save  in  one  spot,  wiiich  in  oblong  forms  is  situated  at  one 
end,  and  in  the  projection  or  beak  (proboscis,  £hr.,  or  rostellum)  extending 
from  the  anterior  extremity.  "  It  appears,"  says  Cohn  (R.  S,  p.  536),  "  as 
a  delicate,  almost  imperceptible  layer  constituting  the  outer  boundary  of  the 
cobaied  jmmordial  cell,  the  periphery  of  which  then  becomes  sharply  de- 
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fined,  and,  aa  it  were,  surrofonded  by  a  delicate  traoBpaient  mmbnme.** 
The  green  eolour  is  due  to  chloropbyU  vesiclea  and  grannies,  either  diSased 
or  eoUected  in  a  layer  just  beneath  the  surfiice.  Among  other  eontents  are 
also  starch-granules  without  colour,  and  very  frequently  globules  of  oil. 

Green  or  red  may  exist  alone :  but  more  fi^uently  green  prevails ;  and  the 
red  pigment,  sometimes  termed  er^ihrin  or  'erythrophyll,  is  seen  only  at  one 
spot,  occasionally  at  the  centre,  but  usually  on  one  code  of  it,  or  at  one  ex- 
tremity :  when  occupying  the  position  last-named,  it  was  looked  upon  by 
Ehrenbeig  as  an  eye-spe^  or  organ  of  vision. 

Although,  as  Cohn  (op.  clt  R.  S.  p.  528)  teUs  us,  the  green  and  red  colour- 
ing matters  differ  in  chemical  and  physical  conditions,  yet  the  one  passes  into 
the  other.  The  red  or  brownish-ied  colour  is  formed  when  the  cells  become 
drier ;  but  neither  deficiency  of  water  nor  the  influence  of  light  appears  to  be 
the  ezdusiye  cause  of  the  transition.  It  is  especially  in  the  transition  to  red 
that  vesicles  of  an  oily  aspect  make  their  appearance.  Indeed,  that  <h1  is  really 
formed,  is  supported  both  by  analogy  with  the  spores  of  many  Algso  which 
clearly  secrete  that  substance,  and  by  the  vesicles  in  question  having  a  similar 
refraction  to  oil,  and  behaving  like  it  with  alcohol  and  ether.  <'  The  forma- 
tion of  fixed  oil,"  says  Braun  (B^uv,,  E.  S.  p.  200),  "  is  intimately  connected 
with  that  of  starch  in  the  economy  of  cell-life ;  its  appearance,  in  like  manner, 
announces  the  repose  of  age  in  cell-life ;  its  disappearance,  tiie  beginning  of 
rejuvenescence.  We  meet  with  fixed  oil  in  the  cells,  either  mixed  with  starch, 
substituted  for  it,  or  gradually  displacing  it ;  its  occurrence  is  perhaps  still 

more  general  than  that  of  starch like  the  latter,  it  is  met  wiUi  in  greatest 

abundance  in  those  parts  in  which  vegetation  is  destined  to  rest  and  to  await 
a  future  re-awakening ;"  and  such  are  the  resting-cells  <^  Phytozoa,  in  which 
a  red  colour  predominates  or  exists  alone.  Braun  furnishes  an  illustration  of 
this  in  his  remarks  on  Chlamydomonas  during  its  sleeping  or  resting  state 
(op.  ciL  p.  214).  The  opinion,  moreover,  that  the  so-called  red  eye-specks  of 
Phytozoa  are  no  other  than  drops  of  oil,  is  shared  by  Perty  (p.  117)  and  by 
Nageli  {Einzdl.  Alg,  p.  9). 

Speaking  of  Protooocemy  Cohn  remarks  {op.  eU.  p.  526), ''  The  red  and  the 
green  portions  of  the  contents  appear  to  be  of  equal  physiokgical  importance 

When  still  or  motile  ceUs  are  brought  into  contact  with  a  very  weak 

watery  solution  of  iodine,  they  become  internally,  in  most  parts,  ai  an  intense 
violet  or  blue  colour."  Yet  he  does  not  believe  this  colour  to  depend,  in 
all  instances,  upon  starch ;  for  the  red  contents  are  equally  coloured  blue,  and 
he  therefore  surmises  there  may  be  some  other  substieuice  besides  starch  ex- 
hibiting the  same  reaction  with  iodine. 

Besides  dif^ised  chlorophyll-particles,  to  which  the  green  colour  is  due,  one, 
two,  three,  or  more  large  nuclear-like  vesicles  exist  in  Phytoioa — ^indeed,  in 
unicellular  plants  generally— described  by  Nageli  under  the  name  of '  chJaro- 
phyU  utricles  or  vesicles,*  The  number  of  such  in  any  genus  seems  oommonly 
to  be  constant :  thus,  in  StephanosphcBra  there  are  two ;  in  Qoiwum  cmly  one. 
However,  they  are  occasionally  absent,  chiefly  so  in  more  minute  examples. 
In  Prqtocoocus  (CJUamydococcus)^  Cohn  says  they  occur  principally  in  the  green 
cells,  to  the  number  of  one,  two,  three  or  more,  having  the  appearance  of 
minute  green  rings,  about  0-002'"  in  diameter— the  interior  being  sometimes 
darker,  at  others  more  clear,  and  frequently  almost  opake.  KageH  r<^ardcd 
them  as  minute  membranous  vesidcs,  contmning  a  mucus  coloured  by  chloro- 
phyll. Cohn  imagined  that  in  Protococcus  they  stood  in  connexion  with  the 
division  of  the  cell,  but  could  not  determine  with  certainty  that  their  number 
corresponded  with  that  of  the  secondary  ceUs.  Kiitzing  looked  upon  them 
as  gonidia  or  ccU-nuclei,  concenxed  in  the  propagation  of  the  individual 
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Ehranbeig  entertained  a  similar  notion^  and  called  them  the  testes.  **  Canstio 
polMh,"  says  Gohn  (A.  N.  H.  1852,  x.  p.  340), ''  which  destroys  the  rest  of  the 
eontents  of  the  primordial  cells,  makes  the  (Morophyll-utricles  of  Stepkano- 
tphcaru  show  themselveB  more  distinotly  as  hdlow  rings  smroonded  by  a  rather 
gnamlar  membrane ;  iodine  oolonrs  them  deep  violet,  which  leads  to  the  con- 
ehisiiin  of  the  presence  of  starch."  Iodine  sometimes,  however,  produces  a  deep 
blown  tint  ^Cohn,  R.  8.  p.  529),  due,  we  may  suppose,  to  an  ulterior  meta- 
moiphoaiB  <tt  the  starch,  as  it  is  itself  a  transiti<mal  eonditicm  of  chlorophyll. 

Another  stmctore  met  with  among  the  contents  of  some  of  the  Phytozoa 
is  the  eontradUe  vesieU  or  sac.  This  sac  has  been  noticed  in  Vohmx,  Oonium, 
Ptmdorima,  ChUomonas^  Cnfptomona$,  and  in  CfMamydomonas,  and  its  rhyth- 
mical contractions  observed  (XIX.  16,  33 ;  XX.  40, 41).  In  Stephanosphcera 
a  nmilar  vesicle  was  seen  by  Cohn,  but  its  contractility  not  detected :  so  in 
AUasia,  Euglena  (XYIII.),  and  Polpoma  (XX.  1,  2),  a  clear  sac-like  space 
presents  itsdf  at  the  anterior  extreimity,  immediate^  beneath  the  sur&ce ; 
but  its  alternate  expansion  and  contraction  have  not  been  witnessed. 

A  fmcUm  ia  detected  in  Euglena,  Astatia,  Polytoma  (XX.  1,  2,  3),  and 
others  in  which  an  animal  nature  predominates.  Even  among  the  v^etable 
genera  Vokfoxy  Pandorina,  and  OwUwm  (XIX.  32,  34,  61),  most  writers,  as 
abeady  seen,  seem  disposed  to  view  the  constant  chlorophyll- vesicles  as  of 
a  nudear  charaeter.  In  Oimiwn,  indeed,  Cohn  {Entw.  p.  178)  describes  only 
QBe  Bodi  veflidey  whidi  seems  to  demonatrate  its  nuclear  nature  by  breaking 
op,  daring  the  j^ocees  of  fission,  into  as  many  parts  as  the  primordial  cell 
iteelf.  Braon  (jop.  eit,  p.  174,  in  note)  mentiims  his  observation  of  a  central 
vMide  or  nodeus  in  Chlamydoeoceus  (XIX.  22,  24,  26),  and  remarks,  **  in 
most  of  the  true  Palmellaeem  there  is  a  chlor(^hyll- vesicle  in  the  centre  of 
tiwcdL" 

The  iqipeaiance  of  the  cells  of  Phytozoa  is  much  modified  by  variations  in 
the  relative  quantity  or  in  the  arrangement  and  colour  of  the  contents,  so  much 
80  indeed  that  such  varieties  have  been  described  as  diffin^nt  species  or  even 
as  diffident  genera.  Thus  the  accidental  presence  of  a  red  spot,  called  an  eye- 
^ftfkf  or  the  oecnrrence  of  a  red  central  space,  have  had  a  specific  importance 
wroB^  attached  to  them.  The  inutility  of  charact^^  deduced  from  the 
diipoation  and  appearance  of  the  cell-oont«its,  or  from  the  figure,  is  frirther 
Aawn  when  the  e(flects  of  external  agents — of  temperature,  of  the  abundance 
Of  deficiency  of  nutritive  matters,  of  light,  ftc. — are  taken  into  account ;  and 
k  becomes  even  stiU  more  evid^t  when  the  changes  of  form  one  and  the 
same  being  may  undergo  are  duly  considered. 

Inaprevioos  page  it  has  been  stated  that  in  the  earliest  phaso  of  existence, 
when  the  ftitore  edil  is  but  one  of  several  macrogonidia  within  its  mother-cell, 
the  notoplaam  of  which  it  consists  is  unenclosed  by  a  membrane— has  no  oell- 
wsIL  Bat  it  would  seem  that  a  cell-membrane  is  wanting  even  at  maturity 
in  ioaie  genera,  for  example,  in  Stephanosplujtra ;  for  Cohn  writes  {A.  N,  H. 
1852,  X.  p.  326),  '^  This  is  not  only  made  evident  by  the  multifold  changes 
of  fi»m  which  ti^ey  undergo  in  the  course  of  vegetation,  and  by  the  filiform 
prolongations  and  ramifications  which  are  produced  directiy  horn  their  sub- 
stance (XIX.  3d,  39-^),  but  is  clearly  shown  by  the  transformations  which 
the  primordial  cells  pass  through  in  consequence  of  external  influences. 
Under  certain  drcumstanoee  namely,  the  filiform  processes  may  be  retracted, 
being  tcnn  away  from  the  envelope-cell  and  taken  up  into  the  substance  of  the 
prinmdial  cells ;  the  produced  ends  of  the  primordial  cells  also  disappear,  the 
latter  becoming  roun^d  off  into  their  ori^nal  spherical  or  short  cylindrical 
fefm.  8nch  a  change  would  bo  impossible  if  the  primordial  cells  were  sur- 
rovnded  by  a  rigid  membrane,  such  as  that  of  the  envelope-cell  for  example." 

T  ^ 
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According  to  Prof.  Henfre^,  the  primordial  ceUs  or  gonidia  of  Pandorina 
(XIX.  69-63),  and  also,  in  the  opinion  of  many,  the  Euglmce  (XYIII.  45-48), 
are  similarly  undefended. 

The  internal  globular  coloured  body  of  the  motile  form  of  Protocoecus  is  in 
the  same  state.  Thus  Cohn  {B.  S,  p.  531)  points  out  that  although  this 
body  has  a  sharply  defined  outline,  yet,  "  either  by  mechanical  meana,  or  by 
chemical  reagents,  the  internal  globular  mass  may  suddenly  be  made  to  lose 
its  contour,  and  to  spread  so  as  entirely  to  fill  the  cavity  of  the  colomiess 
envelope.  From  which  it  would  appear  that  the  internal  globular  body  is 
not  surrounded  by  any  special  cellulose  membrane,  but  only  by  one  readily 
destroyed  by  chemictd  or  physical  agency — ^ptobably  nothing  more  than  a 
dense  layer  of  protoplasm." 

In  the  case  of  Volvox  the  cells  originate  without  an  enclosing  membrane ; 
but  after  the  appearance  of  the  red  spot,  a  delicate  one  shows  itself,  and 
extends  at  different  points  into  the  connecting  thread-like  processes  (XX.  37, 
39, 41).  So  in  Oonium  we  may  presume  the  primordial  ceUs  to  be  originally 
naked,  although  Ck)hn  has  not  remarked  this  fact,  but  confined  himself  to 
describing  the  mature  cells  (XIX.  32,  34),  which  have  an  enclosing  wall  of 
cellulose  (Entw,  pp.  175, 176).  Lastly,  in  the  *stiU'  form  of  iVofoeo«?ii« a  special 
membrane  invests  the  protoplasmic  gonidium.  In  Chnium  (XIX.  34),  and  in 
Volvox  (XX.  37,  39,  40),  filiform  prolongations  extend  between  the  several 
cells  in  the  compound  organism ;  in  Stephanosphctra  similar  processes  are 
given  off  at  the  opposite  polos  o£  the  cells,  and  are  consequently  not  inter- 
current  (XIX.  39).  Prof.  Williamson  has  in  the  case  of  Volvox  offered  the 
best  explanation  of  these  threads,  which  have  by  some  been  supposed  inter- 
communicating canals.  He  first  makes  good  his  opinion  that  the  green  cell- 
like organism  represents  the  nucleus  of  a  cell,  the  wall  of  which  is  separated 
from  it  by  a  greater  or  less  space ;  and  then  he  compares  the  processes  in 
question  with  the  filiform  extensions  from  the  nucleus  which  are  met  with 
in  many  vegetable  cells,  suspending  that  organ  in  the  c^itre.  In  the  early 
stage  of  the  cell,  the  protoplasmic  substance  fills  up  more  or  less  completely 
the  cell- wall  (XX.  42, 44) :  by-and-by  the  latter  becomes  outstretched  from 
it  by  a  sort  of  dropsical  effusion  within  it  (XX.  37)  ;  but  as  the  protoplasmic 
nucleus  has  contracted  adhesions  at  different  parts,  it  becomes  drawn  out  from 
the  adherent  points  into  thread-like  processes  (XX.  39,  40,  45),  which  grow 
more  and  more  filiform  in  proportion  as  the  cell- wall  expands.  This  expla- 
nation (agreeing  in  every  particular  with  the  observed  phenomena  of  cell- 
growth)  being  accepted,  it  follows  that  these  elongations  are  bounded  by  the 
particular  cell- wall  to  which  they  belong,  and  are  not  continuous  with  those 
of  adjoining  cells.  The  processes  of  Volvox  are  therefore  off-shoots  of  the 
protoplasm  of  which  each  ceU  or  gonidium  consists ;  they  are  given  off  before 
any  enclosing  waU  or  pellicle  appears,  and  whilst  that  substance  is  still  duc- 
tile, and  they  disappear  on  the  commencement  of  the  process  of  development, 
whether  of  macrogonidia  or  of  microgonidia,  and  whether  with  or  without  the 
process  of  encysting. 

In  the  case  of  Oonium,  Cohn  gives  (Entw.  p.  176)  a  different  account  of 
the  connecting  bands.  It  will  be  remembered  that  in  this  genus  that  ob- 
server indicates  an  enclosing  cellulose  membrane  to  each  ceU  or  gonidium. 
Now  this  cell  does  not  closely  invest  the  protoplasmic  substance  at  all  points, 
but  is  so  separated  as  to  produce  a  hexagonal  cell- wall  around  it,  from  each 
angle  of  which  the  membrane  is  produced  in  a  tubular  form,  and  joins  with 
a  similar  process  coming  from  the  angle  of  an  adjoining  cell  (XIX.  32,  34). 
Hence  each  process  of  the  membrane  has  a  double  outline,  and  is  in  fact  a 
tube,  only  that  its  interior  must  be  presumed  to  be  shut-off  from  that  with 
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'rhidi  it  joins,  by  a  septum  representiiig  the  divisional  membrane  of  each  of 
the  oontiguons  cells.  The  state  of  things  here  is  therefore  quite  different 
from  that  in  Volvoje :  for  in  the  latter  the  oeU-membrane  is  widely  detached 
from  the  protoplasmic  nucleus,  but  the  adjoining  cells  are  adherent  at  all 
points ;  the  intercurrent  threads  are  therefore  within  the  cells,  and  uphold 
an  attachment  between  the  nucleus  and  the  cell- wall, — ^whilst  in  Oonium  the 
eontnry  obtains :  the  cells  themselTCS  are  not  in  apposition,  but  held  together 
bj  a  tubular  extension  from  each  angle ;  and  the  nuclear  protoplasm  within 
neariy  fills  the  cell-caTity,  and  has  no  bands  uniting  it  with  the  wall — ^in 
fine,  the  intercarrent  processes  of  •6'bmum  and  of  Volvox  are  not  homologous. 

Besides  the  wall  and  processes  just  described,  calculated  to  give  strength 
and  resistance  to  the  organisms,  there  are  also  the  long  alia  or  fiUform  ap* 
pendages  known  as  filaments,  flabella,  or  flagella,  seen  at  one  extremity  of 
most  Phytozoa,  derived  from  the  protoi^asmic  mass.  To  these  are  entirely 
or  chiefly  due  the  locomotive  powers  of  these  beings ;  they  also  act  the  part 
€i  rudders  in  turning  them  on  themselves,  and  in  directing  them  hither  and 
thither.  They  do  not  belong  to  the  class  of  vibratile  cilia,  bat  are  larger, 
filiform  or  whip-like,  and  have  an  undulating  lashing  movement.  In  some 
cases  they  are  many  times  longer  than  the  organism  to  which  they  are  attached 
(XYllI.  15,  21,  22) ;  and  when  two,  as  more  fr^uently  happens,  are  pre- 
sent, they  will  oft^  cross  and  intertwine.  At  times,  in  elongated  forms, 
they  i4>pear  to  be  the  mere  terminations  of  the  tapering-Hke  extremity  or 
neck ;  but  the  rule  is,  they  do  not  proceed  frx>m  the  apex  itself,  but  from  one 
side  of  it.  Where  the  species  is  encased  in  a  firm  integument,  separated  by 
•n  interval  from  the  central  protoplasm,  the  filaments  actually  extend  firom 
the  latter  and  perforate  the  enclosed  case ;  in  which,  particularly  when  these 
processes  are  &llen  away,  their  points  of  issue  are  occasionally  to  be  detected 
by  depressums  or  by  pores.  During  fr^uont  rapid  movements  these  fila- 
ments are  not  to  be  seen ;  but  when  the  motion  is  more  gentle,  or  they  are 
at  rest,  or  otherwise  when  colouring  matter  is  mixed  with  the  water,  they 
generally  become  visible.  Even  when  their  existence  has  not  been  noticed 
dming  life,  it  may  be  sometimes  demonstrated  after  the  drying  up  of  the 
being,  by  Uie  stteak  left  upon  the  glass  where  it  rested.  Where  more  than 
one  or  two  filaments  are  present,  their  whirling,  and  the  consequent  agitation 
oi  the  fluid  about  them,  makes  their  existence  apparent. 

The  number  of  filaments  in  Phytozoa  varies.  Two  is  the  prevailing  number, 
whidi  may  or  may  not  be  of  eqxud  length ;  but  in  not  a  few  genera  only  one 
is  found,  e.  g.  in  EugUna,  Monas,  and  CkUamonas, — ^whilst  in  others  more  than 
two  may  be  counted,  situated  together  anteriorly,  or  some  in  front  and  others 
bdiind.  Where  two  are  present  anteriorly,  it  is  not  an  uncommon  arrange- 
ment for  one  to  extend  in  the  direction  of  the  long  axis  of  the  body,  whilst 
the  other  trails  behind  (XVUl.  12,  22,  23). 

KovKMEHTs  OP  Phttozoa. — ^Thc  motion  of  many  Phytozoa  is  but  slow, 
and  rarely  intermitted ;  in  others  it  is  more  rapid  and  varied.  It  will  be 
modified  by  the  figure  of  the  organism  and  by  the  degree  of  firmness  of  its 
wills,  with  which  it  stands  in  inverse  proportion.  In  Evglena  the  move- 
ments are  extremely  varied  and  lively:  tilie  being  is  unrestricted  in  its 
movements  by  an  integument,  and  the  contractile  protoplasm  has  full  scope ; 
it  is,  in  frurt,  in  the  condition  of  swarming  gonidia,  unenclosed  by  a  wall  of 
eellnloee.  In  many  species  of  Monas  and  Bodo  (Cerconumas),  the  motion  is 
irregukr  and  peculiar ;  it  may  be  oscillating  or  rolling,  at  times  leaping,  at 
others  backward.  Among  the  Vibrionia  (XVIII.  67-69),  an  oscillating 
spind  movement  is  a  common  characteristic,  and  either  end  may  be  advanced. 
The  revolving  itdling  motion  of  Folvocifuw  has  for  many  years  attracted 
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attention,  and  for  a  long  time  was  deemed  snffioient  proof  of  the  animality 
of  the  beings  exhibiting  it.  It  is  the  consequence  of  the  play  of  the  ciliiuy 
filaments  of  each  of  the  component  ceUs  of  the  aggregate  organism,  whi(£ 
project  beyond  the  common  envelope :  it  consists  in  a  revolution  on  the  axis> 
and  a  simultaneous  onward  movement — ^not,  however,  in  a  straight  .course, 
but  in  an  irregular  one,  representing  a  spiral  or  series  of  curves.  **  The 
collective  idea  of  such  motions,"  says  Cohn  {A,  N.  H.  1852,  x.  p.  328),  "  is 
best  represented  by  the  course  described  by  a  top,  which  runs  through  the  most 
varied  curves,  while  at  the  same  time  constantly  revolving  on  its  axis." 

Nageli  (as  quoted  in  J,  M,  8.  i.  p.  198)  remarks  of  swarm-cells  (soospores),  - 
which  many  Monads  undoubtedly  are,  that ''  under  the  microscope  the  motion 
appears  very  rapid,  somewhat  of  an  infusorial  character,  oonsiBting  in  a  con* 
tinual  progression,  in  which  the  hyaline  narrower  extremity  is  usually  in 
front,  and  the  cell  is  continually  turning  on  its  long  axis.  Although  the 
swarming  bears  a  resemblance  to  the  motion  of  In^oria  (t.  €,  of  Ciliated 
Protozoa),  it  deariy  wants  the  spontaneity  of  the  latter.  The  Infusoria 
advance,  spring  back,  turn  round,  return,  all  spontaneously ;  the  swarm- 
spores  pursue  a  uniform  and,  for  the  most  part,  pretty  straight  course,  de- 
viating from  it,  or  turning  round  only  upon  meeting  an  obstacle,  impinging 
upon  which  they  are  diverted  into  another  direction."  To  this  account 
Siebold  (loc,  cit  p.  201)  adds  that  the  spores  do  not  retreat,  as  if  frightened, 
like  the  Infrisoria,  when  they  strike  against  an  object,  but ''  remain  close  to 
it,  and  continue  their  motions  according  to  the  number  and  arrangement  of 
their  ciliary  apparatus,  in  a  rotatory  or  vibratory  way  for  a  little  time  longer, 
as  if  they  aimed  at  overcoming  the  obstacle  by  force,  until  at  last,  probably  in 
consequence  of  the  death  of  the  dlia,  they  become  still,  and  germination  goes  on. 
....  The  movements  of  the  swarm-spores  in  general  have  only  a  short  duration* 
After  the  spores  have  come  to  a  state  of  rest,  they  usually  become  attached 
by  the  hyaline  ciliated  extremity,  and  the  locomotive  faculty  is  for  ey&r  losU" 
In  the  abrogated  families  the  process  of  reproduction  is  ever  going  on  in 
some  members  of  the  colony,  and  the  movements  are  kept  up  much  long^. 
Braun  {Bejfw,^  R.  S.  p.  212)  represents  Chlamydoooccua  as  ei^oying  a  longer 
duration  of  motion  than  is  usual  with  the  swarming  gonidia  of  Algie,  whilst 
Protococcas  viridis  forms  an  intermediate  link  in  this  respect  between  it  and 
the  Volvocinece.  The  kind  of  movement,  he  adds,  is  essentially  the  same  in 
these  organisms  as  in  all  active  gonidia,  namely  an  uninterrupted  revolution 
round  the  long  axis,  combined  with  an  advance  towards  the  side  of  t3ie 
ciliated  pcnnt.  It  is,  indeed,  in  the  swarming  movement  of  gonidia  and 
spermatozoida  that  the  phenomena  of  motion  are  most  striking,  <<  that  is,  in 
cdls  which  are  either  yet  without  their  cellulose  coating,  or  which  never 
acquire  one." 

Ck)hn  (R,  S,  p.  558)  states  generally  that,  '*  leaving  out  of  the  question 
the  more  highly  organized  Infusoria  furnished  with  a  manifest  mouth  and 
oesophagus,  the  motion  of  a  large  part  of  the  Anentera  (Ehr.),  the  Astoma  (Sie- 
bold), is  not  essentially  different  from  that  of  the  zoospores  of  certain  Algsa." 
Likewise,  in  his  descripticm  of  Oonivm  (Entw.  p.  180),  ho  observes  that  the 
movements  of  this  oi^anism  resemble  in  every  particular  those  of  Stephanos- 
sphoira,  ChlamydococcuSy  and  other  swarming-oeUs,  **  which  certainly  do  not 
bear  at  aU  the  character  of  purposing,  conscious  volition,  but  appear  as  an 
activity  determined  not  by  any  external  causes,  but  by  internal  causes  in  Uie 
organization  and  vital  processes."  {A.  N.  H,  1852,  x.  p.  328.) 

The  character  of  the  locomotion  of  Phytozoa  may  be  described  in  brief  as 
*  automatic ;'  accepting  that  term  as  physiologists  now  agree  to  do,  to  distin- 
guish such  motion  from  the  volunta^  movements  of  animals.     It  cannot  be 
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Tohmtaiy,  or  ihe  result  of  Tolition,  any  more  than  the  maryeUotis  motion  of 
the  leaves  of  Diancea  nmseipula, 

PiocBss  OF  NuTRinQK. — ^Tho  process  of  nntrition  of  Phytozoa  is  of  the 
most  simple  kind ;  and  no  valid  evidence  can  be  adduced  in  proof  of  the  com- 
plex pol^astrio  organization  repres^ited  by  Ehrenbeig.  In  fsuit,  an  apparatus 
of  8k»nach-8ao8  could  not,  by  any  analogy,  be  presumed  in  a  set  of  beings 
destitate  of  nKmths ;  and  Ehrenbeig  was  unable  to  demonstrate,  even  to  lus 
own  mtisfiM^ony  an  oral  aperture,  except  in  a  very  doubtM  manner  and  in 
a  V6fy  few  instances.  What  he  took  to  be  gastric  cells  are  no  other  than 
vaeocles  and  dear  yesicles — sometimes  the  chlorophyll-cells ;  the  last,  how- 
ever, were  more  commonly  assumed  to  be  '  testes.'  To  support  his  bdief  in 
the  pi^esence  of  stomachs,  and  also  of  a  mouth  at  the  anterior  clear  space, 
particolatly  where  there  is  a  projection  of  the  protoplasmic  mass,  the  Beriin 
naturalist  appealed  with  most  confidence  to  his  experiments  in  feeding  with 
c(^ured  substances.  By  this  means  he  believed  he  demonstrated  such 
organs  in  some  Monadina, — ^but  so  rarely,  amid  a  large  number  submitted  to 
experiment^  and  moreover  in  so  few  species,  that  much  weight  could  not  be 
attedied  to  the  result,  especially  when  it  is  considered  how  many  difficulties 
and  doubts  must  arise  where  such  very  minute  beings  are  concerned.  Allow- 
ing that  pertides  of  cdour  actually  entered  within  the  interior,  and  were  not 
merely  adherent  (a  question  which  the  magnifying  powers  of  the  instrument 
Ehrenbeig  used  could  scaieely  determine),  it  is  even  then  much  more  rational 
to  soppose  that  their  entrance  was  by  mere  mechanical  causes  (by  pressure 
or  the  like),  than  by  the  medium  of  a  mouth.  This  interpretation  is  adopted 
both  by  Perty  and  Leuckart,  who  describe  the  introduction  of  such  particles 
as  posnhlei  although,  indeed,  exceedingly  rare  in  the  more  clearly  vegetable 
stmotiiree,  the  Diatomeee.  The  former  mentions  (op.  cit.  p.  61)  th^ee  in- 
stances in  which  he  encountered  foreign  partides  within  the  substance  of 
Ph jtosoa ;  but  these  would,  instead  of  supporting,  be  really  opposed  to  the 
p(dygastric  hypothesis.  For  instance,  he  discovered  in  a  Peronema  a  spedes 
(tf  BadOmia  as  laige  as  itsdf,  and  consequently  not  containable  within  one 
of  the  SBj^tosed  gastric  cells. 

In  the  case  of  the  soft,  illoricated  minute  If  onadina,  into  which  fine  particles 
have  found  thdr  way,  it  is  to  be  remembered  that  they  are  mere  masses  of 
fielding  protoplasm  unprotected  by  a  cutide ;  and  further,  we  may,  along 
wiUk  Pei^,  reasonably  presume  that,  in  some  examples  of  the  ^itrance  of 
external  matters,  it  haa  been  effected  much  in  the  same  way  as  with  the 
Amc^,  by  the  soft  substance  overlying  and  th^i  surrounding  them. 

If  a  mouth  and  stomachs  have  no  existence,  it  follows  that  nutrition  must 
be  ^Bseted  by  imbibition — ^by  endosmotic  and  exosmotic  action — just  as  in  any 
nnple  vegetable  or  animal  cells.  Perty  (op.  cit.  p.  62)  adduces  an  experiment 
diofwing  that,  to  some  Phytozoa  at  least,  water  rich  in  nutritive  organic 
material  is  neoeesaiy  to  their  complete  and  healthy  development ;  for  when 
taken  from  such  water  and  placed  in  other  quite  pure,  they  dwindled  in  size, 
althoiig^,  curioudy  enough,  they  at  the  same  time  became  more  active. 

To  eomplfite  what  we  have  to  say  of  their  vital  endowments  (irrespective, 
that  is,  (^  the  reproductive  functions),  the  Phytozoa  seek  the  light ;  and  all 
their  nutritive  acts  are  carried  on  more  activdy  imder  its  influence.  The 
(mlj  exception  is  when,  in  the  process  of  propagation,  they  arc  about  to  pass 
into  the  *  still  *  condition  and  to  become  encysted ;  then  they  eschew  the  light, 
ank  ont  <^  flight,  and  recede  to  the  bottom,  or  under  cover  of  aquatic  plants 
or  of  their  debris.  Under  the  influence  of  light  they  exhale  oxygen  gas, 
and  the  green  odour  is  especially  devdoped, — ^whilst  when  kept  in  the  dark 
they  lose  cdoor,  bcccnne  pale,  and  present  few  chlorophyll-particles.     The 
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intensity  of  light  may  be  too  great,  and  destroy  life ;  and  a  great  elevation  of 
temperature  is  less  favourable  to  vital  activity  than  a  moderate  one.  Cold 
retards  vital  action,  and  if  considerable,  arrests  it,  except  in  the  case  of  the 
encysted  beings,  which  are  so  modified  by  nature  as  to  resist  its  injurious 
influence;  these  consequently  persist  through  the  winter  when  the  motile 
forms  are  cut  off,  and  in  the  coming  spring  burst  forth  into  life.  The  same 
provision  which  imparts  to  the  encysted  organisms  a  tolerance  of  cold,  enables 
them  also  to  withstand  the  effects  of  evaporation,  which  to  the  unprotected 
motile  varieties  is  speedily  destructive,  unless,  indeed,  so  gradual  as  to  allow 
them  time  to  pass  into  the  '  still '  form. 

Starch  or  cellulose  may  be  detected  chemically  in  the  great  majority  of  the 
Phytozoa;  and  even  where  iodine  fails  to  produce  the  characteristic  blue 
colour  duiing  life,  it  wiU  at  times  act  strongly  when  a  breaking-up  of  the 
contents  follows  evaporation  or  some  other  injurious  influence.  The  efficiency 
of  nutrition  is  manifested  by  the  decided  changes,  chemical  and  vital,  which 
are  seen  in  constant  operation  within  the  beings — such  as,  among  others, 
the  transformation  of  chlorophyll  into  starch,  and  of  one  or  both  these  into 
an  oily  matter. 

When  in  the  *  still '  encysted  condition  (XIX.  44-69),  all  nutritive  changes 
are  at  a  standstill,  and  the  organism  may  exist  weeks,  months,  and  even 
years  unchanged,  until  external  conditions  are  supplied  to  awaken  its  latent 
energies  and  to  renew  the  cycle  of  life.  In  this  torpid  form  the  spores  are 
carried  about  with  the  dust,  or  remain  buried  in  the  earth,  or  are  elsewhere 
hidden  or  stored  up  against  the  day  of  revival. 

The  passage  into  the  *  still '  condition  by  the  throwing-out  of  an  external 
denser  envelope  and  by  the  loss  of  cilia,  is  governed,  it  would  seem,  in  some 
measure  by  external  circumstances.  Motile  forms  are  replaced  by  the  *  still ' 
in  whole  or  in  part,  and  with  greater  or  less  rapidity,  by  pouring  the  water 
containing  them  into  a  larger  and  shallower  vessel,  and  by  gradual  evaporation. 

The  protoplasm  of  Phytozoa  being  homologous  in  all  perceptible  particulars 
with  the  '  sarcode '  of  Protozoa,  suffers,  like  it,  the  destructive  process  of 
*diffluence'  or  'deliquescence'  when  evaporation  reduces  the  quantity  of 
water  around  the  unprotected  motQe  forms  below  the  quantity  necessary  to 
vital  action.  The  first  noticeable  residt  of  evaporation  is,  according  to  Cohn, 
at  least  in  the  instance  of  Protococcus  (ojp.  cit,  p.  638),  a  more  rapid  change 
of  figure  and  appearance,  followed,  if  the  evaporation  continue,  by  diflluenee, 
in  which  he  distinguishes  two  stages  or  phases  :— "In  the  first,  the  outlines 
appear  less  sharply  defijied,  because  the  coloured  substance  is  somewhat 
retracted  from  the  border  of  the  primordial  cell ;  the  cells  become  flattened, 
and  at  the  same  time  wider :  the  contents  are  also  now  altered ;  previously 
more  homogeneous  and  transparent,  they  now  become  throughout  granular, 
and  the  red  substance  runs  together  in  large  drops.  At  this  time  the  forma- 
tion of  vacuoles  commences ;  and  their  number  continues  to  increase.  In  this 
way  the  interior  of  the  primordial  cell  again  becomes  colourless,  dear  as 
water,  and  the  granular  coloured  contents  pressed  against  the  walls.  .  .  .The 
figure  of  the  cell  in  the  warm  time  is  so  much  expanded,  that  it  comes  to  be 
applied  upon  the  wall  of  the  enveloping  cell,  alternately  filling  it  altogether, 
so  that  the  entire  zoospore  appears  to  consist  of  only  a  single  coloured  gra- 
nular vesicular  disc,  corresponding  in  size  with  the  original  enveloping  celL" 

MiTLTiPLiCATiON  AOT)  RBPKODUcTioir  OF  Phytozoa.  Fission  :  Macbooonibia  ; 
MiCKOooNTDiA :  Encystiitg  pbockss  :  Phases  op  existence. — The  multiplica- 
tion of  the  individuals  of  the  species  of  Phytozoa  is  provided  for  by  the 
process  of  self-division,  deduplication,  or  fission.  This  takes  place  according 
to  the  plan  obtaining  in  vegetable  and  animal  cells  in  general. 
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The  cell-contents  divide  into  two  or  more  s^^ents,  each  of  which  can 
farther  develope  aronnd  itself  a  gelatinons  investment,  and  enter  on  an  inde- 
paident  existence.  In  Euglena,  self-division  occurs  longitudinally  into  two 
portions ;  and  the  newly-developing  half  is  of  smaller  size  than  the  other,  hut 
becomes  complete  in  all  its  parts  hefore  its  severance  is  effected. 

The  motile  cells  of  Chlamydococcus  undei^  fission  into  two  or  four  s^- 
ments  (XIX.  23-26) :  this  takes  place  in  the  protoplasmic  or  primordial  cell 
contained  within  the  hyaline  spherical  envdope-ceU ;  when  division  is  com- 
plete, the  latter  is  ruptured,  the  sections  escape  as  independent  beings,  each 
throws  oat  around  itself  its  envelope-cell,  and  in  all  points  goes  through  the 
same  cycle  of  development  as  the  parent-cell.  Many  Monads  also  divide 
into  two  beings,  whilst  others  separate  into  four.  In  the  above-cited  ex- 
amples the  fission  is  complete,  and  each  segment,  on  detaching  itself  from  the 
other,  becomes  an  independent,  free  being. 

fiat  this  same  act  of  fission  may  proceed  under  different  circumstances ; 
and  instead  of  a  single  organism,  a  colony  may  be  formed,  consisting  of 
several  individual  cells  united  together,  either  permanently  or  only  for  a 
time,  within  a  common  envelope.  These  aggregate  Phytozoa  are  especially 
repfesented  in  the  fsunily  Volvodnece. 

In  this  second  mode -of  fission  the  process  is  repeated  a  greater  number  of 
times — ^for  instance,  some  3, 4,  or  5  times — the  result  being  a  higher  multiple 
«f  2,  the  product  of  the  first  act  of  scission. 

Each  repetition  of  the  process  of  fission,  from  the  commencement  until 
its  oom|detion,  constitutes,  in  Nageli's  language,  a  transitional  generation, 
whilst  tile  final  repetition  produces  the  permanent  generation.  For  example, 
in  Stephanotphcera  two  segments  are  produced  by  the  act  of  fission,  which  re- 
piesent  the  first  generation  (XfX.  45) ;  then  each  of  these  subdivides,  and  so 
devdopes  four  portions  (XIX.  40,  46)— the  second  generation ;  and,  lastly, 
each  of  the  four  separates  into  two,  and  in  that  way  produces  eight  segments 
— the  third,  and  in  this  organism  the  final  or  permanent  generation  (XIX. 
41,  42,  56), 

Unlike  tiie  segments  resulting  from  a  siogle  act  of  division,  or,  as  may 
happen,  from  this  act  once  repeated,  each  newly-formed  primordial  cell 
does  not  commonly  surround  itself  with  an  envelope  and  enter  on  an  isolated 
existence,  but  the  whole  ei^t  or  more  continue  to  live  within  a  common 
tunic,  which  presently  expands  by  endosmotic  action  and  acquires  a  more  or 
leas  fi^encal  figure  (XIX.  56, 57, 58).  Simultaneously  with  this  expansion, 
the  previously  contiguous  particles  are  drawn  away  more  and  more  from 
each  other,  and  disposed  within  the  common  envelope,  after  a  more  or  less 
wgular  fashion,  characteristic  of  the  species  to  which  they  belong  (XIX.  42, 
dS).  In  general,  the  separation  of  the  primordial  cells  is  not  complete; 
bonds  of  union  between  them  in  their  early  state,  when  closely  approximated, 
become  drawn  out,  and  ultimately  present  themselves  as  intercurrent  threads. 
When  this  series  of  changes  is  terminated,  we  have  before  us  a  reproduction 
of  the  aggregate  organism  of  which  the  dividing  primordial  cell  was  but  an 
individual  member.  Braun  has  styled  this  variety  of  reproduction  by  fission, 
de?elopment  by  *  macroganidia.*  It  is  well  illustrated  in  Stephanospluxray 
above  cited,  in  Volvox  (XX.),  in  Oonium  and  Pandorina  (XIX.  35,  36,  37, 
and  62-66),  and  also  in  undoubted  Algae,  the  Hi/drodietyon  or  Water-net 
&r  example. 

But  tli^  segmentation  of  the  cells  of  Phjrtozoa  occurs  in  yet  another  form ; 
t.e.  the  fisnon,  instead  of  stopping  at  the  third  or  fourth  generation,  pro- 
wseds  still  further,  until  32  or  64,  a  hundred,  a  thousand  and  upwards  of 
minnto  oell-stnictures  are  produced,  technically  called  ^  mierogomdia,    in- 
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tetided  to  perpetuate  the  species  by  their  tilterior  development.  Although, 
like  the  ^  macrogonidia/  they  are  formed  within  a  common  enyelope,  yet 
each  cell  among  them  does  not^  as  in  those  products,  enclose  itself  wil^  its 
own  tunic,  and  ^  itsdf  permanently  within  the  general  investment — in 
other  words,  assume  at  once  the  'still '  condition  $  but  the  whole,  after  entire 
separation  from  one  another,  become  endued  with  vital  activity,  and  are  sub- 
sequently set  free,  by  the  dissolution  or  rupture  of  the  surrounding  parent-ceU, 
as  BO  many  moving  zoospores  (XIX.  51).  The  motion  of  these  little  bodies 
within  the  origin^  cell  is  of  a  hurrying  to^and-fro  or  up-and-down  cha- 
racter, and  has  been  styled  *  swamm^.'  On  emerging  from  the  ruptured 
cell,  each  little  body  is  seen  to  have  a  spindle-shaped  figure,  terminated  at  its 
anterior  clear  and  usually  elongated  extremity  by  two  or  four  cilia  (XDL  52). 
In  every  essential  particular  these  miorogonidia  are  homologous  with  the 
motile  gonidia,  swarming-cells,  or  spores  of  the  common  Algse,  such  as  Bry- 
opsis,  Codium,  Aehlya,  ChcBtophora,  UhthriXy  Hydrodictyon,  &c.  Cohn's  re- 
marks on  the  formation  of  miorogonidia  in  St^JMiMsphcera  {A,  N,  H.  1852,  z. 
p.  346)  may  elucidate  this  subject  still  further.  He  says,  "  While,  in  the 
formation  of  macrogonidia,  the  secondary  cells  become  surrounded  by  a 
common  envelope  and  are  not  free  (as  an  entii'e  connected  family  of  cells 
arranged  according  to  a  definite  law),  in  the  mode  of  propagation  of  micro- 
gonidia  the  littie  secondary  cells  finally  become  totally  separated  from  one 
another  without  secreting  an  envelope-cell;  and  in  this  way  each  of  the 
eight  primordial  cells  of  tiie  perfect  Stephanosphctra  is  broken  up  into  32  to 
64  independent,  green,  elliptical  or  spindle-shaped  corpuscles,  which  then 
separate  from  one  another,  commence  an  independent  and  active  motion,  and 
fill  up,  in  great  numbers  (as  many  as  256-512),  the  common  parent  envelope- 
cdl  (XIX.  51) ....  The  crowding-in  among  each  other  of  the  microgonidia  of 
StephanoBpJu^a  presents  a  picture  fixing  the  attention  in  the  highest  d^;ree : 
sometimes  the  cellules  are  scattered  in  a  few  large  masses — ^then  tiiey  unite 
again  into  a  knot  in  the  middle — every  moment  the  general  aE^>ect  varies. 
At  length  the  common  envelope  is  ruptured,"  and  they  escape  in  masses 
into  tiie  water.  **  Their  true  form  may  then  be  detected  readily  by  killing 
them  with  iodine ;  they  are  spindle-shaped  and  acuminated  at  both  ends, 
bright  green  in  the  middle,  and  run  out  into  a  colourless  beak  at  each  end — 
on  the  whole  not  unlike  young  Euglenm,  without  trace  of  an  envelope-odl 
(XIX.  52)."  On  reaching  the  water  their  movements  are  most  active,  and 
then  rapidly  disperse  out  of  sight.  These  bodies  are  true  primordial  calls, 
**  that  is,  primordial  utricles  resembling  cells,  organiaed  exclusively  of  co- 
loured protoplasm,  without  any  cell-membrane,^' 

Upon  a  general  survey  of  development  by  g(midia,  Oohn  remarks  {A*  N, 
H.  1852,  X.  p.  403) — "  Abstracting  the  differences  which  may  always  be 
shown  between  two  genera,  we  detect  the  same  law  of  development  in  ffy^ 
drodictyon  as  in  StepTuxnosphasra ;  the  bidliated,  less  numerous  macrogo- 
nidia arrange  themselves  into  a  family  of  cells  already  within  the  parcnt-oell, 
according  to  the  character  of  the  given  conditions  of  the  two  genera, — ^tho 
cell-family  being  active  in  the  VolvodnecB  and  immoveable  in  the  Proto- 
coccacesB;  while  the  more  numerous,  more  actively-moving  microgonidia 
with  four  cilia  leave  the  parent-cell  and  enter  upon  a  metamorphosis,  the  re- 
trogradation  from  which  to  the  normal  type  of  the  genus  has  not  been  ob- 
served yet  here,  or  indeed  in  the  microgonidia  of  any  of  the  Alg©."  It  may 
be  conjectured  that  these  latter  pass  into  a  resting  state,  prior  to  any  further 
development;  for  both  Cohn  and  Braun  have  witnessed  this  change  in 
ChJamydococcus  pluvialis. 

The  formation  and  escape  of  microgonidia  have  been  observed  by  many 
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oatiniiliBts — lor  instance,  by  Weisse  in  CJUarogomum,  and  by  Forty  in  each 
fiumly  of  Pbytozoa.  The  production  of  snch  bodies  is  frequently  treated  of 
n  development  by  germs,  and,  no  doubt,  is  the  same  phenomenon  Ehrenberg 
rqireaentB  as  yiyiparous  reproduction. 

Microgonidia  are  not  so  commonly  developed  as  macrogonidia ;  and  indeed 
tbetr  formation  would  se^n  determined,  at  times  at  least,  by  external  cir- 
cunsEtaneeB  affecting  their  functions  and  yital  activity  unfavourably.  Thus, 
Cbhn  {Entw,  p.  168)  narrates  the  circumstance  of  ihe  peculiar  and  pretty 
general  development  of  miorogonidiay  in  Chtamydacoecus^  after  a  thunder- 
viorui. 

Pbocbsb  of  EKCTBTnro :  CoKDnioir  of  ssst. — ^The  perpetuation  of  Phytozoa 
is  provided  for,  as  before  intimated,  by  another  process,  which  both  secures 
to  the  cells  undergoing  it  a  pow^  of  successfully  resisting  influences  that 
to  unprotected  gonidia  are  destructive,  and  is  connected  witii  an  ulterior  act 
of  development.    This  &culty  of  self*protection  is  called ''  the  encysting  pro- 
ceBs,**  since  by  it  the  ccU  encloses  itself  within  an  additional  firm  tunic,  which 
sorroands  it  like  a  case  or  cyst,  and  transforms  it  into  a '  still'  or '  winter '  spore. 
The  process  takes  place  in  all  the  Phytozoa  after  the  same  &shion :  the 
protoplasmic  covering  of  the  gonidium  or  cell  secretes  around  it  a  dense,  firm 
cnvdope,  which  in  general  becomes  raised  from  it  all  round,  so  as  to  leave  a 
dear  intervening  space.     On  the  assumption  of  this  extra  covering,  cells 
previoosly  motile  and  active  enter  on  the  'still'  condition  and  lose  their 
cibA ;  at  the  same  time,  the  character  of  the  contents  is  altered,  and  a  red 
colour  frequently  acquired.     The  transformation  in  their  phymcal  structure 
is  aeeompanied  by  a  physiological  change ;  for  in  place  of  seeking  the  light, 
A-g>i«ling  oxygen,  and  carrying  on  all  the  vital  processes  with  a  corresponding 
letivity,  they  sink  to  the  bottom  and  conceal  themselves  from  the  li^t.    It 
appears,  frvmi  Gohn's  researches  on  Protococeus,  Oomunt,  and  oflier  Phytozoa, 
^flt  they  become  released  from  their  imprisonment,  under  the  influence  of 
fiivomable  external  conditions,  by  the  deliquescence  of  the  rigid  external  sac, 
and  sometimes  by  its  transformation  into  an  external  mucilaginous  invest- 
ment, and  by  the  breaking-up  oi  the  internal  protoplasmic  cell  into  a  number 
e£  motile  zoospores. 

The  act  of  encysting  may  proceed  with  macrogonidia  in  their  '  stQl '  con- 
ditioo  ;  or  it  may  overtake  motile  primordial  cells,  as  in  the  case  of  Euglena 
and  of  some  phages  of  Protococcus^  and  in  such,  just  as  in  the  zoospores  of 
Alge,  prove  antecedent  to  further  acts  of  development  by  fission.  Oohn  im- 
pliea,  in  his  history  of  Protococeus,  that  microgonidia  may  themselves  be  en- 
cysted ;  and  the  same  eminent  observer  describes  the  primordial  cells  of  that 
pLant  as  in  some  instances  surrounding  themselves  with  a  firm  external 
envelope,  jmshing  out  two  cilia,  and  moving  about  for  a  time  in  a  'swarming' 
Bumner  ere  assuming  the  '  still '  condition,  when  the  cilia  disappear.  But, 
further,  he  shows  that  gonidia,  fumi^ed  with  a  rigid  external  wall,  proceed 
to  develope  others  like  ^emselves  by  self-division  of  their  substance  (XIX. 
25),  and  that  these  secondary  ccUs,  each  included  within  its  own  sac,  go  on 
to  divide  into  other  spores,  which,  however,  prove  not  to  be  '  stUl '  like  their 
parents,  nor  like  them  encysted,  but  motile  zoospores. 

In  the  aggregated  family  YolvocinesB,  some  or  all  the  primordial  cells  be* 
come  encysted.  When  tins  takes  place,  their  contents  grow  thicker,  less 
transparent,  darker,  and  change  from  green  to  brown  and  brownish,  or  to 
a  yellowish  red.  At  the  same  time,  the  intercurrent  filam^its  disappear,  the 
cdls  themaelves  acquire  a  more  spherical  figure,  and  gradually  loosen  them- 
selves from  the  common  envelope,  and  move  slowly  about  within  it  by  means 
of  two  cilia,  until  they  at  length  escape  by  a  rupture  at  some  point  (XIX.  44, 
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60).  These  encysted  spores  resemble  Chlamydomonads,  and  are  called  *  Pro- 
toccocoid  *  cells  or  globules,  from  their  homology  with  the  encysted  cells  of 
Frotococcits, 

Occasionally,  instead  of  one  or  several  of  the  individual  gonidia  of  a  com- 
poimd  organism  being  encysted,  the  process  ensues  with  a  gonidium  deve- 
loped by  fission  into  macrogonidia,  and  the  whole  mulberry  or  Uvella-Vike 
mass  becomes  surroimded  by  a  rigid  envelope,  either  pretty  closely  applied, 
or  separated  by  an  interspace. 

Examples  of  the  encysted  condition  will  occur  in  the  following  account  of 
the  several  groups  of  Phytozoa ;  it  suffices  at  present  to  say  that  Prof.  Wil- 
liamson and  others  have  pretty  clearly  shown  that  Volvox  aureus  is  only  the 
encysted  or  *  still '  form  of  V,  ghbator,  that  Cohn  has  discovered  the  cysts  of 
Stephanosphwra,  Ooniumy  and  Eudorina,  and  Henfrey  those  of  Pandorina, 

The  after-history,  of  the  encysted  spores  of  Phytozoa  has  not  yet  beai 
elucidated :  we  have  above  referred  to  Cohn's  researches  upon  it ;  but  they 
are  too  indefinite  to  supply  any  positive  information.  The  act  of  conjugation 
is  common  with  many  of  the  lower  AJgse,  but  has  not  been  witnessed  among 
the  Phytozoa. 

Phases  of  Being  and  Alternation  of  Generation  in  Phytozoa. — ^From 
the  preceding  account  of  Phytozoa,  it  is  evident  that  those  best  known  exist 
under  a  considerable  variety  of  form — ^in  other  words,  present  several  phases 
of  existence,  or,  viewed  in  relation  with  a  prevailing  hypothesis,  exhibit 
an  alternation  of  generation.  The  whole  history  of  any  Phytozoon  is  com- 
prehended in  the  cycle  of  changes  which  the  organism  passes  through ;  yet, 
under  any  transformation,  it  is  the  self-same  being,  and  its  existence  may 
be  said  to  extend  from  its  most  perfect  through  all  intermediate  phases  until 
the  like  degree  of  perfection  is  again  attained.  As  happens  in  alternation 
of  generations  among  other  organized  beings,  the  transition  may  not  be 
direct  and  simple,  but  intermediate  phases  may  reproduce  themselves,  and 
these  again  develope  into  other  forms  of  existence,  as  accessory  or  ooUateral 
and  usually  imperfect  cycles. 

Perhaps  the  metamorphoses  in  question  are  most  striking  in  Eugltnas\  for 
the  contrast  between  the  actively-moving,  contractile,  ever-changing  being 
in  one  phase  of  existence,  and  the  encysted,  '  Protococcoid,'  spore-lOce  and 
motionless  condition  with  a  rigid  unvarying  outline,  is  so  remarkable  as  to 
give  coloiir  to  the  hypothesis  of  the  convertibility  of  animal  into  v^;etable 
life,  or  of  the  transformation  of  animals  into  plants.  It  is  not  our  intention 
at  present  to  give  illustrations  of  the  varying  phases  in  the  life  of  Phytozoa 
involved  in  the  process  of  fission,  or  of  a  duplicative  multiplication  under  its 
various  forms.  However,  other  more  extended  instances  of  transformation 
require  to  be  noted,  as  observed  by  various  microscopists, — although,  it  may 
be,  some  errors  have  crept  in,  from  the  difficulty  of  tracing  the  relation  and 
succession  of  the  di£fbrent  phases  of  being. 

As  a  very  good  example  of  the  wide  and  varied  range  of  existence  enjoyed 
by  most  Phytozoa,  we  may  adduce  the  Protococcus  plwnaUs  (XIX.  20-31), 
of  which  the  industry  and  perseverance  of  Prof.  Cohn  have  obtained  for  us 
so  complete  an  account.  According  to  the  researches  of  this  eminent  natu- 
ralist, the  simple  plant  in  question,  in  its  motile  and  still  conditions,  assumes 
the  form  and  chanicters  of  many  microscopic  organisms  presumed  to  be,  and 
described  by  Ehrenberg  and  others  as,  distinct  existences.  To  quote  frcnn 
Cohn's  memoir  {R.  S,  p.  559),  **  We  see  that  a  single  species,  owing  to  its 
numerous  modes  of  propagation,  can  pass  through  a  number  of  very  various 
forms  of  development,  which  have  been  either  erroneously  arranged  as  distinct 
genera,  or,  at  least,  as  remaining  stationary  in  those  genera,  although,  in 
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bady  only  tranntianal  stages.    Thus,  the  '  still '  Protoeoecua^oei^  corresponds 
to  the  oomxnon  Protococetts  coceoma  (Kiitz.).    When  the  border  becomes  gela- 
tmoms,  it  reeembles  P.  puleher,  and  the  small  cells  P.  minor.    The  encysted 
motile  zoospore  is  the  genos  Qyges  granvJum  among  the  Infusoria,  resembling 
ako,  on  the  other  side,  P.  turguiuB  (Kiitx.),  and  perhaps  P.  versaHlis  (Brann). 
The  xooepores  divided  into  two  most  be  regarded  as  a  form  of  Oyges  hipar- 
(tiMSy  or  cdT  P.  dimidiatus.     In  the  quadripartite  zoospores,  with  the  secondary 
cdls  arranged  in  one  plane,  we  have  a  Oonium,    That  with  eight  s^ments 
oorreBponds  to  Pandorina  Morum,  and  that  with  sixteen  to  Botryocystis 
Volvox,  When  the  zoospore  is  divided  into  thirty-two  segments,  it  is  a  Uvella 
or  Synaypta,    When  this  form  enters  into  the  *  still '  stage,  it  may  be  re- 
garded as  a  form  analogous  to  Afierohaloa  protogemta :  this  Algal  genus  is 
probably,  speaking  generally,  only  the  product  of  the  £7t;eZ2a-division  in  the 
EugUnm  or  other  green  forms.    The  naked  zoospores,  finally,  would  represent 
the  form  of  a  Monad,  or  of  an  Astasia ;  the  caudate  variety  approaches  that 
of  Bodo,     A  critical  and  comparative  consideration  of  the  for^;oing  facts 
would  therefore  appear  to  render  untenable  almost  aU  the  principles  which 
modem  systematiBts  have  hitherto  adopted  as  the  basis  for  construction  of 
their  natural  kingdoms,  fimuUes,  genera,  and  species." 

Cohn  (tfp.  cit.  pp.  541,  542)  makes  tiie  following  general  deductions : — 
*'  1.  The  ProUKOcms  pluvidUs  is  a  plant,  subject  to  an  alternation  of  genera- 
tioDB ;  that  is  to  say,  the  complete  idea  of  the  species  is  not  exhibited  in  it 
until  after  a  series  of  generations.  The  forms  of  development  which  can  be 
possibly  comprehend^  in  the  idea  of  the  spedee  do  not  in  reality  make 
themselves  apparent  until  a  series  of  independent  successive  generations  has 
been  gone  through.  2.  The  individuals  of  each  generation  are  capable  of 
propagating  themselves  in  new  generations.  The  individuals  of  the  second 
generation  are  among  themselves,  speaking  generally,  of  equal  value :  as  re- 
spects the  individuals  of  the  parent  generation,  they  are  sometimes  of  equal 
^ue  with  th^n,  sometimes  not.  3.  If  the  secondaiy  cells  are  not  of  equal 
value  with  the  parent-cells,  a  series  of  successive  generations  must  precede 
the  last  generation,  the  individuals  of  which  are  again  equivalent  to  the  first 
mother-celL  The  number  of  these  generations  does  not  seem  to  be  deter- 
minate." By  equivalent,  the  author  means  such  individuals  or  generations 
as  correspond  with  each  other  in  their  essential,  physiological,  and  oigano- 
logical  relations,  although  they  may  differ  in  unessential  properties,  such  as 
ccdoar,  size,  internal  consistence,  &c.  Non-equivalent  are  those  generations 
which  in  their  structure  and  vital  relations  exhibit  essential  differences,  such 
as  *  still '  and  '  motile '  ceUs,  and  among  these,  again,  their  various  forms, 
and  particulariy  those  which  are  derived  &om  a  different  mode  of  propa- 
gation. 

Major  von  Flotow  {Nwa  Acta  Acad.  Nat.  Curios.  1844,  p.  413),  it  is 
li^t  to  state,  remarked  on  the  similarity  of  various  forms  of  development 
qS  Hasmatococeus  (Protoeoceus,  Cohn)  pUwudis  with  Infusoria,  signalizing  the 
genera  Chilomonas,  Cryptomonas,  Oyges,  Cfhlamydomonas,  Pandorina,  Chce- 
toglemty  and  ChcetotypMa  of  Ehrenbei^s  system. 

Phytozoa,  or  structures  undistinguishable  from  them,  constitute  links  in 
the  chain  of  still  more  marvellous  transformations.  Thus,  Itzigsohn  repre- 
sents several  in  the  history  of  the  development  of  the  Oscillatorieae.  For  ex-* 
ample  {J.  M.  8. 1854,  p.  189) — "  The  filaments  of  OsdUatoria  tenuis  break  up 
into  perfectly  distinct  joints,  which,  at  first  urceolate,  soon  become  spherical. 
The  minute  yellowish-green  gonidia  thus  arising  gradually  increase  in  size, 
become  motile,  and  present  in  all  respects  the  aspect  of  Chlamydomonas." 
Iliese  bodies  "  graduaUy  enlarge ;  a  red  eye-point  becomes  visible  in  them ; 
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and,  presentiBg  a  thousand  intermediate  forms,  they  grow  into  perfect 
Euglmce"  A^^  awhile  these  EugUnce  become  eneysted,  and  terminate  in 
the  quiescent  or  <  jPro^ocoectif-eondition/  and  subsequently,  by  self-divisioa 
of  the  contents,  are  resolred  into  motile  miorogonidia  which  escape  free  into 
the  water.  ^<  If  a  number  of  these  remain  conjoined,  and  move  about  with  a 
rowing  kind  of  moyemont,  their  locomotion  being  goveanod  by  a  common 
spontaneity,  they  represent  a  Fo^vor-like  colony,  which,  perhaps,  may  even 
have  been  described  as  Volvox  by  authors.  The  microgonidia  of  the  Euglema, 
like  those  of  all  the  AlgaB  hitherto  examined  by  me,  are  the  motile  parent- 
cells  of  extraordinarily  minute  spiral  filaments.  They  are  at  first  green, 
gradually  becoming  pdludd — exactly  like  the  spermatosphercs  of  Spirogyra, 
presenting  a  Honadiform  aspect.  A  peculiar  appearance  arises  when  many 
microgonidia  in  such  groups  remain  green  whilst  the  others  have  already 
become  dear  as  water ;  the  mass  then  presents,  in  fact,  the  aspect  of  being 
composed  of  two  kinds  of  animalcules.  Such  or  similar  conditions  would  re- 
present several  species  of  the  supposed  genus  Uvdla  (atomus,  glamcomay  Bodo, 
&c.).  Each  ultimately  colourless  mierogonidium,  then,  by  the  dissolution  of 
its  minute  gelatinous  envelope,  discharges  a  small  motile  spiral  filament." . . . 
'<  These  spiral  filaments  do  not  appear  to  be  destined  for  the  purposes  of  im- 
pregnation ;  for  th^  gradually  increase  in  length  and  thickness,  soon  exhi- 
biting numerous  sjnral  turns,"  and  then  exchange  the  SpiriUa-^Wte  for  a 
Spirulina-ioTm.  *'  Pinally,  when  their  motile  faculty  has  become  weakened^ 
they  affix  themselves  by  one  extremity  to  any  larger  object  near  (for  instance. 
Conferva-filaments,  &c),  whilst  the  other  extremity  continues  to  move  about 
with  a  creeping  motion — ^the  peculiar  Oscillatoiian  movement,  in  performing  ' 
which  a  young  filament  frequently  returns  to  the  spiral.  The  last-described 
condition  constitutes  the  Leptoihrix  of  authoars.  The  filaments  now  gradually 
become  thicker ;  and  though  at  first  of  the  lightest  emerald-green,  tiiey  gra- 
dually assume  a  deeper  and  deeper  imU  The  first  indications  of  articulation 
are  perceptiUe  in  them,  until  at  last  a  yoimg  OsciUatoria  is  again  perfected." 
But  the  remarkable  metamorphoses  of  this  OseilkUoria  are  surpassed 
by  those  of  the  Fhytozoa  of  antheridia,  as  recounted  by  Prof.  Hari% 
{J,  M,  S,  1855,  p.  51) :  the  antheridia  of  Marchcmtia  form  the  subject  of 
observation.  Their  Phytozoa  first  assume  the  form  of  ISirenberg's  genera 
Spirillum  and  Vibrio,  of  which  the  most  frequent  varieties  met  with  are 
Vibrio  rtigula  and  F.  prolifera ;  "  after  twenty-four  hours  most  of  these 
Vibrios  and  Spirilla — after  forty-eight,  all  of  them — ^have  become  disarticu- 
lated." The  whole  drop  of  water  in  which  they  float  is  now  rendered 
milky  and  turbid  by  numberless  globules,  similar  to  Monas  ereptuctdumy  in  a 
state  of  active  motion ;  and  it  is  an  important  circumstance  that  SpiriUwn 
does  not  originate  from  Monas,  but  always  Monas  from  SpiriUum.  After 
forty-eight  hours,  "  groups  of  several  hundreds  may  frequentiy  be  seen,  in 
which  t^e  primary  active  motion  has  ceased.  Shortiy  afterwaids  a  sharply- 
defined  hyaline  skin  is  formed  round  these  groups,  and,  as  it  would  seem, 
by  the  amalgamation  or  conjunction  of  the  exterior  molecules;  by  this 
means  the  young  Amoeba  (Proteus)  is  formed.  This  transformation  takes 
place  pretty  regularly  towanls  the  end  of  the  third  day.  The  original  size 
of  the  Amoeba  is  1-300"'  in  diameter.  In  the  course  of  three  or  four  days, 
it  grows  to  about  the  size  of  1-100'".  This  species  difiSsrs  from  the  Amosbm 
hitherto  described,  in  the  fact  that  the  inner  portion  of  the  body  which  bears 
the  granules  is  much  smaller  than  a  certain  hyaline  covering,  which  covering 
is  closely  attached  to  the  hinder  part  of  such  inner  portion,  but  extends  far 
away  from  the  anterior  part ;  and,  in  addition  to  this,  the  progressive  motion 
in  this  spedes  originates  in  an  alternate  enlargement  of  the  longitudinal  and 
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tno8?«ne  diameters^  and  ia  so  slow  aa  to  amotmt  at  the  utmost  to  no  more 
tium  1-40'"  per  minute.  The  form  of  the  body  resembles  that  of  Amceba 
frmctj^  (Ehrenberg).  The  yeside  in  the  hinder  part  of  the  body,  which 
was  fint  deecribed  by  Ehrenberg  as  a  mouth,  and  afterwards  as  an  ovarium, 
iaako  prDsent. 

''After  four  or  fire  days  the  Amoeba  assumes  a  spherical  shape  and  becomes 
motionkas,  the  yesicalar  body  expanding  and  contracting  rapidly  as  before, 
in  a  manner  similar  to  what  takes  place  in  many  VortioellcB,  These  spherical 
■Kitioiiless  AsnodxB  are  then  for  the  most  part  united  by  a  mucilage  into 
groopa  of  from  ten  to  twenty.  The  mudlage  appears  to  be  produced  by  the 
decompoeition  of  a  cast-off  external  skin. 

<'  In  about  a  fortnight  after  the  commencement  of  the  experiment,  a  green 
point  i^ypears  in  the  interior  of  the  spherical  colourless  body  of  the  Amceba ; 
this  point  gradually  increases  in  sise  until  it  fills  up  the  entire  hollow  of  the 
Amoeba,  and  after  becoming  covered  with  a  cuticle  it  escapes  in  the  form  of 
an  elliptical  bright  green  cdl,  1-300'''  in  diameter,  resembling  a  Proiocoami. 
It  exhibits  a  round  transparent  cavity,  devoid  of  chlorophyll,  corresponding 
in  size  and  position  to  the  vesicular  body  of  the  Amoeba^  and  resembling  at 
its  ocdouiless  apex  the  motile  gonidia  of  Cladaphora,  A  few  days  later  the 
elHptic  or  roundish  eell  lengthens,  a  formation  of  transverse  septa  commences, 
and  the  unicellular  Alga  becomes  an  articulated  one. 

**  All  these  transformations  of  Fhytozoa  into  Spirina,  V{hrione$,  Monads, 
AmotUt,  rniifieillnlar  and  articulated  Algae,  may  be  observed  not  only  in  the 
detailed  Fhytosoa,  but  in  those  which  remain  in  the  interior  of  the  sections 
of  the  antheridia.  In  those  antheridia  of  which  the  Phytozoa  are  not  foUy 
ripe,  the  Amahm  are  seen  to  originate  in  the  middle  of  tiie  internal  mass  of 
phytoioary  cells :  some  of  them  make  their  way  out  through  the  sofbened 
mass  of  cellular  tissue ;  but  others  remain  in  the  interior  of  the  antheridiam 
until  their  development  into  an  articulated  Alga. 

''  CSonteinporaneoualy  with  Amceba,  and  often  earlier,  there  may  be  seen, 
amidst  the  mass  of  Monads,  bodies  very  similar  in  form  and  motion  to  the 
genus  Bodo  (socialU),  and  which  increase  by  transverse  division ;  they  have 
the  front  end  furnished  with  a  long  whip-shaped  antenna  or  dlium  similar 
to  that  of  Euglena.  At  their  first  appearance,  thdr  motion,  their  change  of 
form,  and  their  whole  exterior  differ  so  little  from  the  earliest  states  of 
AmoAa,  that  at  this  period  they  cannot  be  distingcdshed.  In  these  early 
stages  they  both  resemble  Chlatnydamonas  destruens  of  Ehrenberg. 

'*  The  above  forms  uniformly  make  their  appearance,  and  always  in  the 
•nooesBion  above  described.  It  is  tme  that  other  forms,  such  as  UveUos  and 
ev<en  LeptomUm  and  Pericomm,  are  sometimes  met  with,  the  germs  of  which 
Bsy  have  been  imported  by  the  atmosphere  during  the  observation ;  but  these 
organismB,  whieh  always  appear  singly  and  after  the  commencement  of  the 
irfiservatian,  do  not  interfere  with  tiie  above  results  when  we  consider  the 
iiwanse  number  of  the  Phytozoa  and  their  uniform  and  cont^nporaneous 
tnosfionnatitms.  If  about  a  dozen  preparations  are  made,  and  if  they  are 
caiefolly  covered  with  a  bell-glass  after  each  observation,  and  if  care  be 
taken  not  to  ext^id  tiie  observations  for  too  long  a  time  at  once,  at  least  half 
of  the  preparations  will  be  firee  &om  all  admixture  of  foreign  organisms." 

Mr.  Garter  has  advanced  some  remarkable  statements  respecting  the  de- 
velopment of  Amoebiform  and  other  Infusoria  from  the  so-called  '  gonidial 
odlls '  of  the  muoous  oontents  of  various  Algee — as  Chara^  NiteSa,  Clado- 
phora,  Spirogifra,  and  Hydrodidyon,  and  also  of  some  Desmidiese  and  Ek^ 
gUnMs  {A.  N.  H.  1866,  xvii.  p.  101).  Again,  he  finds  (p.  114)  the  cells  of 
Bpkog^fr<B  particularly  infested,  during  conjugation,  with  Euglenof,  which  are 
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produced  with  such  rapidity  as  would  lead  to  the  conclusion  that  the  germs 
from  which  they  originate  must  have  pre-existed  in  the  cells  in  which  they 
appear  (as  in  the  Characeee),  without  interfering  with  their  functions.  '*  Young 
AstasicB  are  also  developed  within  the  cells  of  Spirogyra  to  a  great  extent ; 
and  although  they  at  first  have  almost  as  much  polymorphism  as  an  AmcAa^ 
still  they  retain  their  dlium^  and  after  awhile  assume  the  form  and  move- 
ments peculiar  to  Astasia*  On  one  occasion  I  saw  a  large  ATnoAa  with  a 
long  ciHum  at  one  time  assuming  the  form  of  an  Astasia,  and  at  another 
that  of  an  Amcebay  which  thus  gives  the  link  between  these  two  Infusoria. 
The  cilium,  however,  had  not  the  power  of  the  filament  of  Astasia,  though  it 
occasionally  became  terminal." 

Developments  of  a  similar  Ehizopodous  character  are,  he  goes  on  to  say, 
frequent  in  Euglena : — **  I  was  led  to  notice  this  development  by  an  apparent 
metamorphosis  of  the  ceU-contents  of  some  fixed  and  capsuled  EuglmcB  into 
granuliferous  Amogbas,  of  a  pinkish  colour,  within  the  old  ceU  of  Euglena 
itself ;  and  the  presence  of  several  such  Amoebas  creeping  about  the  watch- 
glass,  .while  many  of  the  cells  of  the  Euglenas  (viridis'?)  were  empty,  or  only 
contained  a  little  effete  matter,  left  no  doubt  in  my  mind  as  to  the  origin  of 
both  colour  and  infWrium.  It  was  also  observed  in  some  instances,  where 
the  contents  of  the  Euglena  had  passed  into  an  Amoebous  mass,  that  the 
latter  underwent  a  kind  of  segmentation,  so  that  several  (perhaps  eight) 
small  Amcebce  were  developed  instead  of  one  large  one." 

Op  the  natubb  op  Phttozoa.  Ajomal  aitd  Vegetable  Chabactebs. — 
The  collection  of  oi^anisms  we  have  grouped  together  for  convenience'  sake, 
and  from  want  of  a  better  arrangement,  under  the  name  of  Phytozoa,  is 
actually  so  heterogeneous  that  no  general  discussion  respecting  the  nature  of 
them  as  a  class  is  practicable,  whilst,  at  the  same  time,  a  separation  between 
vegetable  and  animal  forms  is  equally  impracticable.  The  remarkable  phases 
of  existence  through  which  any  one  species  may  pass  upsets  all  our  notions 
based  on  presimied  constant  characters :  for,  as  we  have  seen,  one  and  the 
same  being  may  at  one  period  of  its  existence  exhibit  in  a  preponderating 
degree  the  vital  phenomena  of  an  animal,  at  another  those  of  a  plant, 
whence  has  arisen  the  hypothesis  of  the  metamorphosis  of  plants  into 
animals,  and  vice  versd, — an  idea  that  has  foimd  little  favour,  being  opposed 
to  the  prevailing  belief  of  the  fixity  of  nature  imposed  on  all  beings.  The 
real  feet  of  the  case  is,  that  we  have  no  certain  criterion  between  the  two  divi- 
sions of  organic  nature  which  can  be  relied  on  and  practically  resorted  to  in 
cases  of  difficulty,  such  as  many  of  the  Fhytozoa  present. 

Some  naturaUsts  have  broached  the  notion  that  the  phases  of  existence  of 
a  presumed  animal  or  plant,  which  resemble  in  outward  aspect  supposed 
independent  species  or  genera,  are  not  identical  with  them ;  so  tluit,  for 
instance,  the  animal-looking  Amosba  Kartig  met  with  in  the  developmental 
series  of  Phytozoa  of  antheridia  should  not  be  considered  really  an  animal 
Amoeba,  but  merely  a  v(^table  mass  simulating  one.  So,  again,  in  iVo/o- 
coccus  they  would  deny  anything  but  external  general  characters  to  exist  in 
common  between  its  forms  of  development  and  the  several  genera  Cohn  would 
assimilate  them  with.  There  may  be  some  truth  in  this  supposition — there 
may  be  real  animal  organisms  and  true  vegetable  coinciding  in  form,  yet 
distinct  in  nature ;  but  the  onus  probandi  rests  with  those  who  will  make 
this  distinction. 

However  this  may  be,  the  advance  of  science  has  rendered  it  certain  that 
some  feunilies  and  genera  which  Ehrenberg,  and  most  observers  before  his  era, 
reckoned  among  animals,  are  rightly  to  be  numbered  among  plants,  whilst 
of  others,  again,  it  must  still  be  said  their  position  is  doubtful.     Deferring 
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it  praBeot  a  detailed  Teview,  we  will  confine  ouiselyes  to  a  few  general  obser* 
y^JossDA  on  like  nature  of  the  several  families  brought  together  under  the  head 
d  Fhytozoa.  The  Monadina  (XYIII.)  of  Ehrenberg  comprise  a  multitude  of 
beings  diffeiin^  widely  among  tibiemselveSy  and,  for  the  most  part,  not  placeable 
with  eertainty  either  among  plants  or  animals.  Of  the  genus  Monas,  especially, 
it  may  be  said  that  its  species  are,  with  few  or  no  exceptions,  mere  phases  of 
being  of  other  organisms.  Of  other,  genera  the  like  may  be  presumed,  although 
the  onanisms  in  whose  cycle  of  life  they  enter  as  one  of  the  links  have  not 
been  determined.  Not  a  few  are  doubtless  zoospores  of  AlgsB  or  of  micro- 
8oo|Acal  Fungi. 

UveHa  (XVIII.  5)  is,  in  the  opinion  of  most  authorities,  a  v^etable  struc- 
ture (see  p.  134) ;  but  Cohn  (Bniw.  p.  115)  still  seems  disposed  to  consider  it 
an  animalcale,  and  represents  Anthophysa  (see  p.  135),  which  has  likewise 
been  extensiyely  believed  to  be  a  parasitic  Alga  or  EuiiLgus,  to  be  an  animal 
UveHa  surmounting  a  branching  stem.  Poh/toma  is  anotiier  disputed  posses- 
sion between  zoologists  and  botanists :  among  the  most  recent  advocates  of  its 
ammal  character  is  Schneider  (see  pp.  136-139). 

The  Cryptomonadina  would,  in  the  language  of  naturalists  generally,  be 
called  'encysted'  Monadina,  and,  like  this  family,  are  divisible  into  true 
T^etable  and  into  doubtful  animal  organisms,  the  former  certainly  prepon- 
derating. The  next  two  families,  Volvocina  and  Vibrionia,  and  more  espeoaUy 
the  former,  may  without  hesitation  be  counted  with  plants,  whilst  the  remain- 
ing one,  AgtasioM,  the  majority  of  naturalists  reckon  among  animalcules. 

Habitaxs.  Oocubskncb  nr  masses.  CoLOTm  cattseb  bt  texlb,  accttmitla- 
noji. — ^By  &r  the  majority  of  known  Fhytozoa  are  of  a  freshwater  habit ; 
yet  it  may  be  that,  were  the  search  as  diligent,  marine  species  might  be 
found  in  nearly  equal  abundance,  particularly  in  inland  and  shallow  seas, 
gnlfis  ^  hikes  affording  appropriate  habitats  for  the  larger  Algse.  Monads 
and  VibrioSy  Bodas,  and  the  Cydidia  of  Bujardin,  are  probably  the  most 
abundant  and  widely  diffused  of  all  created  organisms, — a  fact  not  remark- 
able when  it  is  considered  that  those  genera  represent  the  primary  or  ger- 
minal stage  of  so  many  organized  beings,  both  animals  and  plants.  They 
make  their  iqipearance,  in  collections  of  water  and  in  infusions,  before  aU 
oAhexSy  and,  m^e  most  microscopical  creatures,  find  a  fitting  habitat  in  foul 
or  decomposing  fluids  as  well  as  in  sweet  water.  They  also  propagate  them- 
aelves  with  such  astonishing  rapidity,  that  the  fluid  or  other  medium  in 
which  they  occur  becomes  coloured  by  them.  However,  this  very  rapid  de- 
Telopment,  and  this  capability  of  colouring  the  surrounding  medium,  are  not 
leBtrieted  to  the  genera  named,  but  are  partaken  by  others  among  the  Phy- 
tofoa, — ^for  example,  UveUa,  Astasia,  Euglena,  and  tiie  genera  of  Volvodneo!, 
all  of  them  denizens  of  pure  water,  incapable  of  existence  in  impure,  stagnant, 
and  decomposing  liquids. 

The  colour  presented  by  their  accumulation  in  large  numbers,  varies 
according  to  the  species.  Thus,  the  Astasia  hoBmatodes  and  Euglena  san- 
guinea  give  a  blood-rod  colour  to  water.  The  Monas  (  Vibrio)  prodigiosa  is 
stated  by  Ehrenberg  to  be  the  cause  of  the  blood-like  spots  which  have  made 
their  ajqpearance  at  times  in  bread  and  meal,  much  to  the  consternation  and 
dismay  of  the  ignorant  and  superstitious ;  and,  again,  the  Hcematoeoecus  or  the 
red-coloured  stage  of  the  Hysginvm  of  Forty  is  the  cause  of  the  phenomenon 
of  red  snow.  A  green  colour  is  much  more  frequent,  and  due  to  a  larger 
variety  of  Infusorial  organisms ;  such  are  Monas  bieolor,  UveUa  Bodo,  Cryp-- 
tomonas  glauea,  Oonium,  Chlorogoniumj  Euglena  viridis,  Chlamydomonas, 
Pandorina,  Volvox,  Stephanosphcsra,  and  others. 

Beeidee  becoming  thus  obvious  to  common  observation  by  their  colour, 
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many  Phytoxoa  render  themselves  so  by  the  evident  masses  or  aoenmnlationit 
they  form.  The  dust-like  stratum  frequently  noticeable  on  the  suz&oe  of 
water,  or  at  the  sheltered  margins  of  ponds,  is  often  composed  of  various 
genera,  such  as  EhtgUna^  Chhroganiumf  Pandarina,  and  Oonium,  more  or 
less  intermingled  with  other  Infusorial  beings,  such  as  ciliated  Protozoa, 
DesmidiesB,  and  DiatomesB.  The  stratum  at  times  assumes  the  appearance 
of  a  slimy  film,  at  others  of  a  frothy  scum. 

Moreover,  the  variable  affinity  of  different  genera  for  light  will  cause  a  film 
at  one  part  of  a  pond  to  differ  in  its  composition  frx)m  that  at  another,  whea 
the  degree  of  exposure  of  the  two  is  different.  Further,  there  may  be  a 
transition  of  colour,  by  the  changing  phase  and  attendant  change  of  hue  of 
these  organisms,  or  by  the  effects  of  the  sun's  heat  and  light  at  noonday, 
and  of  the  darknees  of  night.  Hence  a  pond  which  may  be  coloured  green  in 
the  warmth  of  the  day,  when  the  sun's  influence  brings  the  Ph3rtoeoa  to  the 
surface  and  causes  their  rapid  development,  may  in  the  morning  and  evening 
become  quite  clear,  owing  to  their  settlement  at  the  bottom. 

Of  the  modes  of  obtaining  the  Phytozoa  for  examination  there  is  nothing 
special  to  record,  except  it  be  a  plan  mentioned  by  Gohn  in  his  aoconnt  of 
Stephanotphcera  {A.  N.  H,  1852,  x.  p.  405)  :— " At  their  stations,"  writes  this 
observer,  "  the  StepkanospTKBra-w^Gres  occur  mingled  with  Cldamydoeoccw^ 
but  by  no  means  in  the  abundance  requisite  for  the  investigation ;  and  although 
green  clouds  do  collect  at  certain  points  in  the  water  wholly  composed  of  our 
VohocinecBy  it  is  difficult  to  extract  sufficient  of  them  for  examination,  since 
they  immediately  start  apart  when  touched.  I  succeeded  in  overooming  this 
inconvenience  by  a  simple  means,  so  as  to  bring  thousands  of  these  elegant 
organisms  on  to  the  object-holder  at  any  moment.  I  took,  namely,  a  flat 
bottle  with  a  short  narrow  neck,  and  nearly  filled  it  with  the  water  oontain- 
ing  SUphanospTuxsraf,  stopped  it  with  a  cork,  and  then  laid  it  horizontally,  so 
that  the  cork  partly  dipped  in  the  water.  In  a  few  hours  almost  all  the 
StepTianospJuercB  in  the  water  collected  on  the  cork,  which  was  covered  with 
a  green  coat,  composed  exclusively  of  the  revolving  spheres,  while  the  rest  of 
the  water  in  the  bottle  contained  only  Chlamydococcus,  and  scarcely  any 
Stephanovphasra ;  so  that  when  I  wished  to  examine  them  1  had  only  to  take 
out  the  cork,  and  a  drop  of  the  water  adhering  to  it  furnished  me  with  all  the 
stages  of  development  of  our  organism  simultaneously  in  very  large  numbers. 
After  a  short  time  the  Stephanosphan'CB  had  again  assembled  on  the  cork." 

For  a  more  satisfeu^ry  elucidation  of  the  Phytozoa,  of  their  structure  and 
physiological  action,  it  is  necessary  to  enter  into  more  detail ;  and  since  there 
is  so  much  structural  diversity  among  the  several  groups  or  tribes,  this  more 
lengthened  account  must  be  given  of  each  tribe  separately.     And  first — 

FAMILY  I.— OF  THE  MONADINA. 

(Plate  XVni.  1>28.) 

In  the  systematic  portion  of  his  great  work,  in  1838,  Ehrenberg  instituted 
the  following  genera  of  Monadina,  viz.  MonaSf  UveUa,  Polytama^  MtcrogUna^ 
PhaeehnumaSj  Olenomorumy  Doxoeoccus,  CkUomonas,  and  Bodo,  Subsequent 
researches  led  him  to  add  the  genus  Ohhraster,  and  to  remove  Polvtoma  in 
order  to  imite  it  with  a  newly  discovered  genus,  named  by  him  Spondytamarumy 
in  a  distinct  family,  the  Hydromorina,  This  fiunily,  however,  deserves  no 
special  consideration,  but  will  fall  within  the  compass  of  our  general  remarks 
on  the  Monadina,  as  will  also  the  genus  AtUhophysay  in  accordance  with  the 
results  of  Cohn's  researches.  (8ee  Part  II.,  Systematic  History  of  Monadina.) 
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Very  hMe  obseryation  and  reflection  will  soon  conyinoe  the  student  tfi^t 
tiie  membeTB  of  this  group  of  beings  can  be  distinguished  by  no  such  constant 
definite  characters  as  suffice  to  establish  genera  and  species  with  any  pre- 
oaiaoi ;  their  history  is  too  imperfectly  known,  and  their  individuality  is  un- 
pnrred.     If  they  make  their  appearance  in  a  fluid,  it  is  only  transitory ;  for 
they  are  soon  replaced  by  a  different  series  of  existences,  and  direct  observa- 
tion has  shown  many  of  tiiem  to  be  no  other  than  transitional  phases  of  life 
of  other  organisms.     Thus,  Bujardin  advances  as  an  apology  for  his  attempted 
daaedficatioii  of  Monadina,  that  the  generic  distinctions  he  has  essayed  to 
make  **  are  entirely  artificial,  and  simply  intended  to  fisusilitate  the  naming  of 
Infusoria  which  may  have  been  met  with  in  any  particular  infusion,  but 
whidi,  when  better  known,  may  prove  in  some  instances  mere  varieties  of  one 
and  the  same  species "  {Hist,  Infus,  p.  273).    Siebold  entirely  rejects  tMs 
&mily  of  Monadma  from  the  Infusoria,  believing  them  only  embryonic  forms, 
and  chiefly  zoospores  of  Confervas,  &c.  (Anat,  d,  wirheUos,  Thiere,  1848, 
p.  8).     In  so  damg  he  has  had  many  approvers, — among  them  the  eminent 
naturalist  M.  Agassiz,  who  thus  writes : — '*  Recent  investigations  upon  the 
so-called  Anentera  have  satisfactorily  shown,  in  my  opinion  and  in  tJiat  of 
most  competent  observers,  that  this  type  of  Ehrenbe^s  Polygastrica,  without 
gastric  cavities  and  without  alimentary  tube,  are  r^dly  plants  belonging  to 
the  order  of  Algae  in  the  widest  extension  of  this  group,  while  most  of  the 
M^nas  tribe  are  merely  moveable  germs  of  various  kiads  of  other  Algae" 
{A.  N.  ff.  1850,  vi.  p.  156).    Nevertheless  the  character  of  this  treatise  renders 
it  necessary  for  us  to  present  £hronbeig's  views  of  organization.   According  to 
theae,  **  the  Monadina  are  illoricated,  witii  a  homogeneous  body,  and  no  external 
appendages  except  cilia,  having  many  separate  gastric  sacs  or  vesicles,  but 
no  alimentary  canal  connecting  tiiem,  and  a  bisexual  or  hermaphrodite  pro- 
psgative  system.     They  multiply  by  simple  and  complete  self-division  of  the 
body  into  two,  four,  or  more  individuals.     The  uniformity  or  unvarying 
external  form  may  be  considered  one  of  the  principal  characteristics  of  the 
hnnlj ;  for  no  one  of  the  Monadina  can  voluntarily  alter  the  shape  of  its 
hody^  nor  can  it  extend  any  portion  of  it  and  then  contract  it  again.     Pro- 
pagatiop  by  ova  is  assumed  of  all  the  Monadina,  and  by  living  young,  or 
Tiviparoos  reproduction,  in  Monas  vivipara.    Some  of  them  have  an  eye* 
qKck,  but  no  vascular  or  respiratory  system  is  discernible.'' 

AlUiough  the  general  characters  of  the  Monads  are  rightly  delineated  in 
this  aoeount,  yet  thd  peculiar  hypothesis  implied  will  not  at  the  present  day 
find  sapporters.  Dujardin  denied  the  presence  of  an  enveloping  skin  or 
integument ;  and  if  a  separable  distinct  tunic  is  intended,  that  natujndist  is  in 
tks  right ;  yet  it  would  be  an  error  to  ignore  the  existence  of  a  layer  of 
difEuent  oonsiBtence  to  the  contained  matter,  t. «.  of  a  pellicle.  Besides  such 
a  pellicle,  some  Monads,  at  least,  have  the  power  of  secreting  around  them- 
selves a  second  external  envelope  or  cyst,  or  of  'encystiDg'  themselves. 
When  thus  transformed,  Ehrenberg  woidd  not  recognize  them  as  Monadina, 
but  as  Cry]^lom(madina^  or  lorieated  Monadina.  Hence  one  source  of  error 
in  his  disUibution  of  tbwe  minute  mioroso<^cal>forms. 

The  invariability  of  form  and  incapability  of  extending  and  retracting  the 
body,  so  prominently  advanced  as  speml  features  of  Monadina,  Dujardin 
does  not  admit  as  fiBtcts,  but,  on  the  contrary,  states  them  to  be  without 
intcgoment,  and  susceptible  of  adhesion  to  one  another  or  to  foreign  par- 
ticles, and  to  be  capable  of  stretching  themselves  out  so  as  to  alter  their  form, 
even  so  fiu*  as  to  produce  an  expansion  which  may  at  times  be  mistaken  fbr 
another  filament.  Some  Monadina,  he  adds,  can,  while  fineely  swimming 
•boot,  change  their  form,  and  by  so  doing  approach  the  character  of  AmcAof. 
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This  power  of  the  Monadina  to  hecome  polymorphic  is  likewise  aUuded  to  by 
Mr.  Carter  (A.  N.  H,  1866,  vol.  xviii.  p.  122). 

According  to  modem  phraseology,  we  might  describe  these  beings  as  com- 
posed of  protoplasm  enveloped  by  a  pellicle,  and  as  having  an  extension  of  the 
protc^lafflnic  mass  developed  in  the  form  of  a  flagelliform  filament,  to  serve 
as  a  locomotive  organ.  The  presumed  gastric  cells  are  the  vacuoles  in  Hie 
protoplasm  hollowed  out  spontaneously  within  it,  and  ever  changing  in  posi- 
tion and  magnitude.  Dujardin  affirms  that  they  at  times  form  near  the 
surface,  open  externally,  and  on  again  closing  up  include  foreign  partideB 
which  have  found  their  way  within  them,  and  that  they  thus  act  in  some 
measure  as  instruments  of  nutrition  in  aid  of  the  genereJ  process  carried  on 
by  endosmose  or  absorption. 

That  the  Monadina  had  a  mouth  communicating  with  the  ^  gastric  sacs/ 
Ehrenberg  believed  to  be  demonstrated  by  the  introduction  oi  partideB  of 
colour  within  those  cavities  from  without.  "  The  nutritive  apparatus,"  he 
tells  us,  "  may  be  readily  seen  in  some  species  in  their  ordinary  state  (for 
instance,  in  JBfonas  guttula  and  M.  trivipara),  whilst  in  others  it  is  proved  by 
using  coloured  food  (for  example,  in  Monas  Termo  and  M,  socialis).  It  consists 
of  several  distinct  or  separate  cells  (from  8  to  20),  not  all  filled  at  the  same 
time,  but  one  after  the  other.  These  are  always  invisible  when  empty,  but 
when  filled  with  limpid  fluid  appear  like  so  many  lucid  vesides/*  Colm  states 
that  he  can  confirm  the  accuracy  of  Ehrenbeig's  observation  of  the  entrance 
of  colouring  partides  into  some  Monads,  and  therefore  indines  to  the  belief 
that  such  examples  must  have  an  oral  aperture,  and  be  of  an  animal  nature 
{Entw,  p.  162).  To  this  he  adds  that  many  of  the  Monads  of  Ehrenberg 
may  really  be  swarm-spores  of  microscopic  Fungi ;  still  he  holds  it  to  be 
improbable  that  true  plant-cells  should  take  up  within  them  indigo-partidee. 
So,  at  p.  148,  when  remarking  on  the  precise  similarity  in  all  visible  features 
of  the  swarm-spores  of  AMya  proUfera  with  Trichodina  grandineHa  and 
Bodo  saltam,  he  says  Ehrenberg's  Boclo  eats  indigo-particles,  which  is  not 
the  case  with  the  form  in  question. 

What  weight  should  be  attached  to  these  observations  of  the  reception  of 
molecules  of  colour  within  Monadina,  as  proving  a  mouth  and  stomach-cells^ 
must  be  dedded  by  further  experiments.  Sometimes,  possibly  enough,  when 
the  minuteness  of  the  objects  concerned  is  remembered,  the  colour-grains 
have  not  actually  been  witiiin,  but  above  or  below  them,  on  the  surface ;  and, 
again,  other  experimenters  damage  the  force  of  the  argument  by  affirming  that 
they  have  succeeded  in  getting  colour  taken  up  by  Diatomeae,  and  by  undoubted 
vegetable-cells.     This  statement  has  been  made,  among  others,  by  Brann. 

After  the  consideration  given  in  a  previous  page  to  the  nature  of  tbe 
supposed  eye-specks,  further  reference  to  them  here  is  uncalled  for. 

Concerning  the  modes  of  multiplication,  the  great  Berlin  micrographer  is 
correct  in  his  account  of  the  process  of  fission ;  yet  few  will  join  with  him  in 
describing  ova  and  viviparous  reproduction  among  Monadina,  or  in  imagining 
distinct  male  and  female  generative  organs — ^in  other  words,  an  hermaphrodite 
(monoedous)  structure.  Certainly  the  phenomenon  Weisse  witnessed  in 
Chlorogonium  eucklorum,  oi  the  development  and  subsequent  discharge  of  a 
host  of  young  germs,  might  be  termed  viviparous  reproduction  ;  but  it  is  no 
other  than  the  usual  plan  of  development  of  microgonidia  among  Algse.  In 
fact,  no  one  has  witnessed  the  development  and  extrusion  of  germinal  ova, 
although  the  breaking  up  of  the  substance  of  Monadina  into  minute  partides, 
by  the  precess  of  diffluence  or  by  often-repeated  fission,  and  the  reproduction 
of  gonidia  may  be  constantly  noticed.  Perty  so  far  countenances  Ehrenbeig's 
views  as  to  affirm  the  development  of  Morms  vivipara  and  of  M,  Lens  by 
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lenns  which,  'whilst  still  within  the  parent-oelly  exhibit  an  osciUating  move- 
meat,  Se  would  even  extend  the  phenomenon  to  all  Monads ;  yet  we  regard 
it  as  no  other  than  that  of  gonidial  development.  Another  circumstance 
this  same  writer  points  out  is,  that  in  Monas  Lens  and  allied  forms,  the 
anterior  individual  produced  by  transverse  self-division  is  3  to  4  times 
smaller  than  the  posterior,  and  that  in  Tetramitus  rostratus,  where  longi- 
tudinal fission  prevails,  the  right  segment  is  much  less  than  the  left.  It  is 
tiiis  unequal  s^mentation  of  Monads  which  induced  Bujardin  to  represent 
their  multiplication  to  occur  by  the  detachment  of  a  lobe  or  of  an  expansion, 
and  not  hy  actual  self-division:  but  in  our  opinion  such  a  distinction  is  too 
refined ;  fi>r  the  term  self-division  has  a  meaniog  wide  enough  to  embrace  the 
phenomenon  of  fission  whether  by  equal  or  imequal  s^ments ;  indeed  the 
latter  variety  is  sufficiently  common  where  no  difficulty  is  felt  in  reckoning 
it  a  mode  of  self-fission. 

In  further  elucidation  of  this  act  of  segmentation  in  Monadina,  we  may  add 
the  following  remarks  from  Schneider  {A.  N.  H.  1864,  xiv.  p.  327-328). 
^peaking  of  CkUomonas  PararMciumy  this  author  writes — "Whatever  number 
of  these  animals  may  be  observed,  no  trace  of  division  will  ever  be  remarked 
in  them.  Very  rarely  we  may  see  two  individuals  adhering  by  their  middle, 
evidently  produced  by  a  longitudinal  division.  We  shall  endeavour  to  ex- 
l^ain  tlus.  On  dose  examination,  one  or  two  reddish  lines  may  be  seen 
ninning  backwards  from  the  bottom  of  the  indentation,  which  might  readily 
be  taken  for  organs  lying  in  the  interior  of  the  body.  I  have  convinced 
myselfy  however,  especially  by  the  comparison  of  the  process  of  division  in  a 
species  of  Bodo,  that  these  Hnes  indicate  frirrows,  which  gradually  divide  the 
whole  by  cutting  deeper  and  deeper  on  each  side.  As  during  this  process 
the  •"i^w^^l  undergoes  no  change  of  form,  except  in  becoming  a  little  broader, 
and  the  division  takes  place  along  its  whole  length,  the  process  must  readily 
eecs^  observation,  llie  anterior  end  is  always  a  little  tiiicker ;  the  furrows 
consequently  are  deeper  and  more  distinctly  recognizable  in  that  part.  With 
a  suitable  arrangement  of  the  microscope,  it  is  evident  that,  the  two  furrows 
being  looked  at  simultaneously,  two  reddish  lines  are  seen.  It  is  only  in 
rare  cases,  when  the  division  has  taken  place  more  slowly  in  some  particular 
spot,  that  the  two  specimens  must  endeavour  to  tear  tiiemselves  fr«e,  and 
thus,  by  twisting  in  contrary  directions,  draw  our  attention  to  them.  That  the 
psocesB  of  division  is  effected  in  a  similar  manner  in  other  Monadina,  appears 
fe»n  an  observation  of  Ehrenberg's  upon  Cryptomonas  cylindriea  (p.  42) : — *  I 
saw  no  instance  of  constriction  or  fissation ;  but  two  individuals  were  swimming 
whilst  adhering  together,  which  might  lead  one  to  suppose  that  a  longitudinal 
^▼iflion  from  behmd  forwards  had  taken  place.'  i^d  it  is  not  improbable 
that  the  specimen  represented  by  him  on  tab.  n.  fig.  xix.  2,  with  two  seminal 
glaads  (nuclei?)  and  two  longitudinal  lines,  was  in  the  act  of  division.'* 

That  Monads  are  only  the  first  and  simplest  stage  of  existence  of  numerous 
am^TOAl  and  vegetable  organisms,  is  an  undoubted  fact ;  but,  if  we  may  credit 
some  observers,  their  transformations  are,  in  certain  cases,  very  extraordi- 
nary. Thus,  Stein  represents  the  nucleus  of  encjrsted  VortUetta  to  break 
m>  into  Monads  (the  Monas  eolpoda  or  if.  sdikiillanBy,  which  by  various  in- 
termediate stages  become  reconverted  into  VorHeeUce,  So,  again,  Hartig 
{J.  M.  8.  1855,  p.  52)  and  Carter  {A.  N,  H.  1856,  xviii.  p.  122)  represent 
the  conversion  of  Monads  into  AnuBbas,  the  former  bv  a  coalescence  of  a  group, 
the  latter  by  the  simple  assumption  by  individual  Monads,  on  losing  their 
dHa,  of  polymorphism.  Lastly,  the  resemblance  of  the  zoospores  of  Achlya 
to  Bodo  saltans  has  already  been  mentioned  to  be  complete  in  cvor>'  respect, 
save  in  the  non-imbibition  of  colouring  particles. 
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Few  details,  excepting  those  comprehended  in  attempted  generic  and  specific 
characters,  have  been  published  by  observers  on  the  genera  of  Monadina  in 
general.  UveUa,  AnAophysa,  and  PoJytama  have,  however,  received  more 
attention  than  the  rest ;  and  the  results  arrived  at  we  will  here  abstract. 

UveUa  is,  in  the  system  of  Ehrenberg,  characterized  by  the  aggregation  of 
numerous  Monads  (XYIII.  3),  severally  undistinguishable  from  simple  isolated 
species  (XVm.  4),  into  spherical  or  mulberry-like  masses,  freely  moveable  in 
the  surrounding  liquid.  The  individuals,  like  those  of  the  genus  Monas,  have 
a  locomotive  organ,  consisting  perhaps  of  two  cilia,  situated  dose  to  the 
mouth  at  the  anterior  extremity,  but  neither  tail  nor  eye-speck.  They  pro- 
gress in  the  direction  of  the  longer  axis  of  the  body,  and  are  capable  of  com- 
plete self-division.  In  the  best-examined  species,  U.  glaucoma,  Ehrenberg 
represented  large  internal  vesicles,  a  double  filiform  proboscis,  and  a  great 
number  of  smidl  colourless  granules,  conceived  to  be  ova,  lying  between  the 
nutritive  sacs.  He  supposed  it  to  propagate  both  by  transverse  and  longitu- 
dinal self-fission,  and  stated  that,  on  feeding  it  with  indigo,  as  many  as  twelve 
stomachs  were  filled,  and  that  sometimes  little  blue  particles  like  undigested 
matter  mig^t  be  seen  voided  from  its  mouth,  and,  lastly,  that  he  had  dis- 
cerned several  green  Monads  within  its  body,  which  it  had  eaten^  and  whidi 
proved  it  to  subsist  on  prey  directly  transmitted  into  its  interior.  Individual 
Monads,  he  added,  can  detach  themselves  from  the  mass,  live  apart  for  a  time, 
and  again  become  members  of  the  colony. 

This  account  was  rejected  by  Dujardin,  who  denied  the  existence  of  a 
mouth,  of  gastric  cells,  and  of  ova,  and  doubted  the  occurrence  of  true  self- 
division.  He  likewise  never  witnessed  the  re-attachment  into  masses  of  the 
Honadiform  individuals  after  being  once  separated,  but  believed  that  the  re- 
union of  certain  Monads,  occasionally  observed  in  in^ions  rich  in  these  b^ngs, 
is  a  fortuitous  result  of  the  glutinous  nature -of  their  sur£EU». 

These  strictures  of  Bujardin  are,  without  doubt,  in  general  very  just.  The 
supposed  mouth  is  the  dear  space  seen  at  the  anterior  extremity  of  most 
unicellular  organisms,  whilst  the  supposed  stomach-sacs  are  no  other  than 
chlorophyll- vesicles  or,  otherwise,  vacuoles.  The  green  Monad-Hke  cells  seen 
by  the  Berlin  micrographer  were  probably  starch-  or  chlorophyll-ceUs,  or,  it 
n^y  ^9  gonidia ;  and  it  was  a  mere  assumption  to  represent  them  as  swal- 
lowed partides. 

Itzigsohn,  Cohn,  and  Mr.  Busk  make  UveUa,  or  at  least  an  oiganism  like 
H  in  all  essential  external  features,  a  phase  of  existence  of  vegetable  struc- 
tures,— the  first-named  of  Oscillatoria  (J.  M,  S,  1854,  p.  190),  the  second  of 
Protococctts,  the  last  of  Volvox,  Itzigsohn  describes  the  .£^rZena-phase  of 
Oscillatoria  as  breaking  up  into  microgonidia  which  collect  themsdves  in  colo- 
nies, resembling,  according  to  the  presence  or  absence  of  coloured  contents, 
Uvdla  atomus,  U.  glauca,  Bodo,  &c.  Cohn's  views  are  siiffidently  represented 
in  our  remarks  on  Protoeoccus  (see  p.  124),  and  need  not  be  here  repeated. 
Busk  represents  the  ciliated  zoospores  of  Volvox  (T.  M.  S.  i.  p.  39)  as  sub- 
dividing into  minute  ciliated  cells  (t.  e,  microgonidda),  which  "  form  by  their 
aggregation  a  discoid  body,  in  which  the  separate  fusiform  cells  are  connected 
together  at  one  end,  and  at  the  other  are  free,  and  frimished  each  with  a 
single  dlium.  In  this  stage  these  compound  masses  become  fr'ee  and  swim 
about  in  the  water,  constituting  in  fact  a  spedes  of  the  genus  UveUa,  or  of 
Syncrypta  of  Ehrenberg."  If  these  representations  be  correct,  UveUa  is  but 
a  phase  of  existence  of  Volvocina  and  of  Oscillatoria,  and  probably  of  other 
plants.  If  this  be  not  allowed,  then  the  alternative  remains,  of  supposing 
both  a  vegetable  and  an  animal  organism  partaking  like  characters  and 
qualities. 
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The  gennfi  AnihophyiM  (XXYI.  2)  has  been  more  partictilarly  studied  by 
Biijaidin  and  Cohn.  Ehrenbeig  provisionally  placed  it  among  the  VorticeU 
Kna  as  a  doabtfdl  species  of  Epistylis,  as  he  was  unable  to  determine  whether 
it  possessed  a  wreath  of  cilia  at  its  head  or  only  a  single  fOament :  if  the 
laUer,  he  remarked,  it  would  belong  to  the  Monads.  Miiller,  its  discoverer, 
hid  indeed  more  rightly  seized  on  its  true  position  by  associating  it  with 
Votvax.  Binardin  subsequently  made  out  its  affinity  witb  Uvettay  and  adopted 
M.  Bory  de  St.  Yincent's  generic  appellation  for  it.  In  this  determination  of 
its  position  Dajardin  has  the  weighty  support  of  Cohn,  who  has  recently  sub- 
mitted it  to  caiefiil  examination.  Dujardin's  description  is  very  accurate,  and 
win  serve  our  purpose.  "  It  is  very  difficult,"  he  writes,  "  to  distinguish  a 
Uvdla  from  a  £ree  Anthophy$a ;  but  no  difficulty  will  exist  if  some  of  the 
branching  supports  of  the  latter  are  seen  in  the  surrounding  fluid.  These 
SQj^rts  have  an  arborescent  figure  irregularly  branched,  are  brownish  at  the 
btte,  but  clearer  and  even  diaphanous  at  the  extremities  of  the  branches, 
which  are  themselves  nodular  or  rugged ;  they  are  secreted  by  the  animals, 
and  are  found  affixed  to  the  sides  of  the  vessel  in  which  water  containing 
these  Infusoria  has  been  but  recently  placed.  Each  group  of  animalcules  is 
at  first  fixed  on  the  diaphanous  extremity  of  the  brandi  which  it  has  secreted 
(XXYI.  2) ;  but  any  agitation  of  the  liquid,  or  sudden  shock,  easily  detaches 
it,  and  it  then  moves  in  a  revolving  manner  in  the  liquid.  This  movement  is 
the  result  of  the  simultaneous  action  of  the  flagelliform  filaments  with  which 
each  individual  of  the  colony  is  provided.  When,  moreover,  a  group  has  been 
detached,  whether  accidentally  or  spontaneously,  isolated  individuals  may  be 
seen  moving  about  precisely  l^e  Monads  with  a  single  filament.  The  branch- 
ing sapport  is  at  first  soft  and  glutinous,  but  graduaUy  acquires  consistency 
and  a  brownish  and  homy  aspect,  when  it  seems  no  longer  to  participate  in 
the  life  of  the  animalcules,  and  recalls  to  the  mind  the  construction  of  the 
fibrous  skeleton  of  certain  sponges.  It  is  conceivable  either  that  the  branches 
themselves  bifurcate,  or  that  the  division  is  the  consequence  of  the  multipli- 
cation by  fission  of  the  groups  of  animalcules." 

Cohn  has  little  to  add  to  this  account.  He  describes  the  probably  chitinous 
stem  to  be  invested  externally  by  a  brownish  mucilaginous  layer ;  and  also 
finds  that  from  2  to  8  and  from  that  to  20  Monads  may  be  aggregated  at  the 
extremity  of  the  branches.  Frequently  a  branch  is  bare  at  its  point,  having 
lost  its  animal  colony ;  and  it  would  seem  that  the  whole  of  the  groups  are 
in  soooession  thrown  off  and  dispersed  as  fr'ee  Monads  and  as  Uvella-like 
groq»s.  Cohn,  indeed,  intimates  his  belief  that  UveUa  and  Anthophysa  are 
not  actually  distinct  genera,  but  mere  representatives  of  two  conditions  of 
tiie  same  animalcule.  Unlike  Ehrenbeig,  he  failed  to  get  indigo-partides  taken 
op  by  the  Uvella-Hke  beings. 

B^ore  arriving  at  the  conclusion  that  An^iophysa  is  no  other  than  UveUa 
Uwa  seated  on  a  branching  stem,  and  of  animal  nature,  he  canvasses  the 
question  if  this  oiganism  be  not  rather  the  mycehum  of  a  Fungus  bearing  its 
ipores  at  the  extremities  of  its  branches,  and  decides  against  the  supposition 
diieflyfrxmi  the  irr^^ular  and  indefinite  multiplication  of  the  monadiform 
meaien  of  the  groups,  from  the  detachment  of  these  en  masse  instead  of  by 
separate  spores,  and  fh>m  the  want  of  evidence  to  show  that,  when  these 
Uvella-like  groups  are  detached,  they  assume  the  quiescent  or  ^  still  *  condition, 
and  germinate  into  an  arborescent  mycelium  like  tiie  parent,  to  develope  in  its 
torn  terminal  masses  of  spores. 

Hie  branching  stem  has  been  described  by  Kutzing  and  others  as  a  micro- 
scopical Fungus  (Conferva),  under  the  name  of  Stereonema,  and  several  species 
instituted;  but  Ccltm  points  out  its  analogy  with  the  pedicle  of  Chmjphonema 
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and  other  Diatomeae,  in  which  both  the  branched  stem  and  the  beings  it 
supports  are  alike  part  and  parcel  of  the  same  organic  structure.  He  has 
met  with  fibres  supporting  but  one  or  two  Uvella-bundles,  and  others  like 
little  trees  bearing  ten  such.  The  consistence  of  the  stem  is  such  ihsi  it 
resists  the  action  both  of  sulphuric  acid  and  of  solution  of  potash. 

One  other  genus  otMonadiTia,  viz.  Polytoma  (XYIII.  6),  has  received  special 
attention  from  Schneider,  Cohn,  and  Forty ;  it  nevertheless  still  remains  in 
that  neutral  ground  claimed  both  by  zoologists  and  botanists.  Ehrenberg  at 
first  placed  it  in  the  family  Monadma ;  but  having  subsequently  met  witii  a 
similar  form,  Spondyhmorum,  he  instituted  a  new  family,  Jlydromorina,  to 
include  the  two  genera,  and  set  forth  as  its  chief  differential  characters  the 
aggregate  or  compound  nature  of  its  members,  dependent  on  imperfect  fission. 
He  asserted  also  that  individuals  set  free  from  the  groups  enter  on  the  same 
cycle  of  fission  and  compound  development,  and  form  similar  groups.  FoUf^ 
toma  was  described  to  be  destitute  of  an  eye-speck,  to  have  a  truncated 
mouth  and  a  delicate  double  flagelliform  proboscis,  and,  from  repeated  incom- 
plete self-division,  to  form  a  mulberry-like  mass,  which  eventually  breaks  up 
into  isolated  Monads.  '^  The  ova,"  ho  adds,  *'  from  their  minuteness  and  the 
want  of  transparency,  have  hitherto  eluded  observation  (XVHI.  5) :  but  the 
alimentary  organization  is,  on  the  contrary,  clearly  demonstrable;  for  al- 
though for  a  long  time  the  entrance  of  coloured  food  could  not  be  displayed, 
yet  at  length,  by  using  a  magnifying  power  of  600  to  800  diameters,  the 
entrance  of  indigo-particles  into  their  bodies  was  rendered  evident.''  In 
addition  to  these  structures,  he  mentions  a  large  contractile  vesicle  as  a  male 
sexual  organ,  and  a  white  spot  at  the  anterior  part  of  the  body  as  a  seminal 
gland.  In  fdl  essential  particulars  the  associated  genus  Spondyhmorum  was 
stated  to  agree  with  it,  except  in  having  a  dorsal  eye-speck. 

Dujardin  confesses  his  inability  to  distinguish  by  any  definite  characters 
between  Uvella  and  Polytoma ;  he  would  seem,  however,  not  to  have  per- 
sonally investigated  the  latter.  Cohn,  after  examining  both^  declares  them 
to  be  identical  in  all  p|rticulars  except  that  in  Polytoma  chlorophyll  is  absent, 
and  that  it  inhabits  decomposing  fluids  along  with  ChlamydomonoB  ptdvistu-- 
lu8.  However,  it  is  to  Schneider  that  we  are  indebted  for  the  most  complete 
history  of  this  organism  (Inaugural  Dissertation,  '*  SymhoUx  ad  Infusorium 
historiam  naturalem/'  Berlin,  1853,  translated  in  A,  N,  E.  1864,  xiv.  p.  321). 
We  extract  the  following  copious  details  from  the  translation : — "  Bolytcma 
Uvella  is  of  an  oval  form ;  it  is  from  ^^th  to  ^th  of  an  inch  long,  and  abont 
half  that  width.  At  one  end,  which,  with  Ehrenberg,  we  will  call  ^e  an- 
terior extremity,  it  bears  two  filaments  as  long  or  longer  than  the  body. 
When  the  living  animal  is  examined  under  a  magnifying  power  of  300  dia- 
meters, the  body  appears  to  be  bounded  by  a  simple  outline.  But  in  many 
instances,  and  espeoally  when  a  large  specimen  can  be  found  at  rest,  it  may 
be  seen  ^t  the  internal  substance  of  the  body  is  surrounded  by  a  thin  and 
perfectly  clear  membrane,  from  which  it  is  separated  by  a  distinct  space. 
When  the  investing  membrane  is  more  closely  attached,  its  existence  may 
always  be  demonstrated  by  the  employment  of  reagents  to  produce  the  con- 
traction of  the  substance  of  the  body :  chromic  acid  and  solution  of  iodine  in 
chloride  of  zinc  are  the  best  substances  to  employ,  the  latter  especially,  as  it 
at  the  same  time  communicates  a  brown  colour  to  the  internal  sac  (PI.  XX. 
^^.  2).  Under  certain  circumstances,  the  investing  membrane  divides  into 
minute  granules,  assuming  when  viewed  from  the  side  a  regular  necklace- 
like appearance  (fig.  8).  A  reproduction  of  the  membrane  then  takes  place. 
The  substance  of  the  body  is  perfectly  clear,  with  the  same  refractive  proper- 
ties as  that  of  Am^ieba,     About  the  middle  lies  a  clear  globular  nucleus,  sur- 
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roanded  by  a  nairow  reddish  halo  (figs.  1,  2,  S,  8).     Dilute  adds  render 
this  more  distinct.     At  the  anterior  extremity,  close  to  the  margin,  there  are 
two  reddish  vesicles,  the  contractions  of  whidi  may  easily  be  recognized  in 
indiyidnals  in  a  state  of  repose.     The  hinder  extremity  always  contains  a  mass 
of  granules  with  dark  outlines,  which  are  not  altered  by  acetic  add.    A  weak 
solution  of  iodine  in  iodide  of  potassium  gives  them  a  deep  blue  colour,  gene- 
rally verging  upon  black,  as  it  is  difficult  to  hit  the  right  quantity  of  the  reagent 
to  be  added.     The  fine  blue  cobur  is  better  attained  by  the  addition  of  dilute 
aolutum  of  iodine  in  chloride  of  zinc,  as  with  this  the  granules  become  slightly 
liquefied,  and  when  left  standing  for  some  time  even  form  a  blue  paste.  Muriatic 
md  Bolf^uric  adds  also  dissolve  them,  so  that  the  subsequent  addition  of  iodine 
gives  the  whole  body  a  blue  colour.    When  the  putr^action  of  the  infusion 
18  going  on  very  rs^dly,  the  granules  fill  the  entire  body.    They  are  not 
arnoiged  in  balls  like  the  nutritive  matter  in  the  bodies  of  other  Infusoria ; 
and  it  is  by  no  means  probable  that  they  are  taken  in  from  the  exterior. 
Besides  the  two  contractile  veddes,  single,  non-contractile,  reddish  vacuoles 
are  seen  scattered  throng  the  substance  of  the  body. 

**  The  starch-like  granules  are  often  converted  into  an  indigo-blue  pig- 
mrait,  which  is  then  partially  dissolved,  and  colours  the  whole  parenchyma. 
Sodi  spedmens  as  these  still  retain  the  power  of  dividon,  so  that  tiiere 
can  be  no  doubt  as  to  their  identity  with  Pdytoma  UveUa.  Individuals 
wefe  also  frequently  met  with  of  which  the  substance  of  the  body  was  of 
a  uniform  green  colour,  but  which  in  other  respects  agreed  exactly  with 

"  Beviaticms  from  this  normal  form  never  occur  singly  in  the  same  vessel, 
but  always  make  their  appearanoe  simultaneoudy  in  a  great  number  of  indi- 
vidnals.  Certain  peculuuities  of  their  abode  appear  therefore  to  have  an 
inflnCTice  upon  the  form.  Very  compressed  fnrms  are  rare.  However,  it  not 
nnfrequentiy  happens  that,  whilst  the  investing  membrane  retains  its  normal 
form,  the  sohstanoe  of  the  body  is  not  equally  distributed  in  its  interior. 
SofDfltnnes  it  Hes  to  one  side,  so  as  to  fill  only  half  the  interior  of  the  sac ; 
sometimes  it  is  entirely  collected  in  the  anterior,  and  sometimes  in  the  pos- 
terior extremity ;  in  the  latter  case  it  is  connected  with  the  anterior  extre- 
odty  by  a  slender  filament  (fig.  14).  In  iufhsionfl  in  which  fermentation  has 
long  ceased,  and  whidi  contain  a  large  quantity  of  brown  humus-like  matter 
bat  very  small  portions  of  nitrogenous  substances  in  solution,  the  two  last 
vodifieatiims  of  the  parendiyma  are  most  frequentiy  met  with.  At  the  same 
time  the  stareh-like  granules  dLsappear,  the  substance  of  the  body  acquires  a 
darker  fiitty  outline,  and  finally  disappears  with  formation  of  the  well-known 
large  vacuoles. 

**  The  movements  of  Pofytonw  are  the  same  as  those  usually  ascribed  to 
Offgaoiflms  furnished  with  two  filaments.  Whilst  in  motion  the  filaments  are 
always  in  front,  the  animal  rotates  upon  its  axis,  and  this  again  describes 
drooJar  vibrations  upon  a  central  point.  If  a  movement  in  the  oppodte 
direction  is  taking  place,  the  animal  is  endeavouring  to  turn  the  anterior 
extremity ;  and  untfl  this  is  eflfocted  it  swims  backwards.  When  a  drop  of  the 
infiisioii  has  been  left  for  a  few  minutes  upon  a  glass  plate  covered  over  with 
a  piece  of  thin  g^ass,  a  condderable  number  of  the  animals  will  be  found 
attafbed  to  both  glasses  by  their  anterior  extremity ;  the  filaments  are  free, 
and  it  is  probably  by  thdr  vibration  that  the  hinder  extremity  is  made  to 
osdllate  in  the  direction  of  the  plane  of  the  two  filaments.  They  collect  in 
the  same  manner  in  crowds  upon  aquatic  plants,  as  well  as  upon  ti^e  ddes  of 
the  vessel  containing  them.  Their  mode  of  attachment  is  still  unintelligible 
to  me.    In  any  case,  some  contrivance  for  this  purpose,  however  simple,  must 
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exist,  either  between  the  two  filaments,  or  at  the  side  of  their  points  of  iBsoa 
fr(»n  the  membrane. 

**  Daring  the  swarming-state,  a  division  of  the  substance  of  the  body  goes  oq 
nnintemiptedly  at  all  hours  of  the  day.  The  different  stages  of  this  process 
follow  one  another  with  greater  or  less  rapidity  in  proportion  as  the  conditions 
ef  nutrition  are  more  or  less  fitvourable.  Soon  after  the  commencement  of  fer- 
mentation in  an  infusion,  the  rate  of  increase  attains  its  maYimnm  ;  it  then 
diminishes  as  the  fermentation  ceases,  the  offspring  at  the  same  time  undei^go- 
ing  a  diminution  of  sixe. 

<'  The  commencement  of  the  process  of  division  is  indicated  by  the  umfonn 
distribution  of  the  granular  substance.  A  constriction  of  the  substance  then 
takes  place,  usually  commencing  on  one  side ;  by  this  the  body  is  divided 
into  two  pmrts,  whidi  are  still  enclosed  in  the  uninjured  investing  membrane. 
I^multaneously  with,  or  peihaps  before  the  completicm  of  this  bisection,  the 
nucleus  also  divides  (fig.  3).  Although  no  coiustriction  of  the  nucleus  was 
ever  noticed,  nothing  certainly  was  observed  to  contradict  the  siq>po6itiaa 
that  the  second  nucleus  was  produced  in  this  manner.  The  two  halves  then 
become  constricted  from  their  sm&ces  of  c(mtact,  in  such  a  manner  that  the 
constriction  of  one  half  crosses  that  of  the  other  at  right  an^es  (%.  4).  To 
every  depression  thus  produced  on  the  one  side  there  is  a  COTresponding  ele- 
vation of  the  other.  The  quadrisection  (figs.  9, 12)  then  takes  place  suddenly 
as  if  by  cutting,  and  without  any  appearance  of  a  circular  constriction,  each  por- 
tion containing  its  proper  nucleus.  The  divisions  now  acquire  an  oval  form, 
and  arrange  themselves  in  such  a  manner  that  the  ends  of  the  posterior  pair» 
which  are  turned  towards  the  middle,  alternate  with  those  joi  the  aBteri<n' 
pair  in  the  same  place  (j^.  12).  In  very  favourable  circumstances  (as  to  in- 
stance at  the  commencement  of  fermentation),  a  third  division  into  eight 
parts  takes  place,  each  division  being  still  furnished  with  a  nucleus.  As  a 
general  role,  however,  the  young  inchviduals  acquire  filaments  soon  after  the 
quadrisection,  and  move  about  in  various  directions  within  the  investing  mem- 
brane, until  this  bursts  and  the  young,  which  are  exactiy  like  the  mother 
except  in  their  smaller  sice,  are  set  free.  In  favourable  ciroumstances  the 
empty  membrane  remains  with  the  two  filaments.  After  the  division  of  the 
substance  into  four  or  eight  parts,  the  investing  membrane  is  always  visible 
without  the  employment  of  any  reagents.  This  has  not  escaped  fSirenberg 
(he.  cU,  and  tab.  i.  xxzii.)  ;  he  explains  the  appearance  as  a  consequence  of  a 
superficial  constriction.  The  filaments  of  the  parent  always  appear  to  be  con- 
nected only  with  one  of  the  young  individuals,  although  this  is  less  distin- 
gmshable  in  the  present  mode  of  division  than  in  that  about  to  be  described. 
"  In  this  the  quadrisection  takes  place  in  another  manner.  After  bisection, 
the  two  portions  shift  their  position  in  such  a  manner  that  the  surfoees  of 
contact  form  a  distinct  angle  with  their  original  position.  If  this  diange  of 
position  be  but  trifling,  the  quadrisection  goes  forward  neariy  in  the  manner 
just  described,  and  the  arrangement  of  the  developed  young  only  differs  as  &r 
as  is  rendered  necessary  by  this  change  of  position  f  figs.  9, 12).  But  if  it  be 
more  considerable,  the  new  snr&ces  of  division  run  pso^el  to  each  other  and 
nearly  perpendicular  to  the  surfiEUies  of  contact  of  the  two  halves.  The  posi- 
tion of  the  young  individuals  is  then  completely  different  from  that  seen  in 
the  preceding  case ;  all  four  lie«parallel  to  each  other,  with  their  longitudinal 
axis  oblique  as  regards  the  axis 'of  the  whole  (fig.  10). 

«<  This  difference  may  perhaps  be  explained  as  follows : — ^Each  portion  has 
a  tendency  to  acquire  an  oval  form,  so  that  soon  after  the  bisection  the  ante- 
rior portion  extends  itself  posteriorly,  and  the  posterior  towards  the  front 
When  sufficient  time  has  not  elapsed  for  the  one  ^mension  to  predominate  ov^ 
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ihe  other,  the  qoadrisectioii  takes  phioe  as  in  the  former  case ;  but  when,  on  the 
otho:  hand,  one  dimension  has  become  predominant,  the  division  into  four  takes 
place  in  accordance  with  the  same  htw  as  the  original  division  into  two. 

<<  The  method  of  division  first  described  is  always  met  with  in  the  eaily 
periods  of  an  infiision,  which  are  most  £&yonrable  to  the  development  of  the 
ereatuies.  Towards  the  end  the  latter  mode  alone  occurs.  This  phenomenon 
was  so  remarkable  that,  on  the  first  occasion  of  my  eramining  an  infusion 
towards  the  dose  of  its  action,  I  imagined  that  I  had  at  first  nusunderstood 
the  mode  of  division. 

«  Under  certain  circumstances  the  individuals  pass  to  a  state  of  rest.  They 
sie  then  completely  filled  with  the  starch-like  granules,  so  that  the  nucleus 
only  appears  as  a  reddish  spot.  The  substance  of  the  body  becomes  spherical, 
and  invests  itself  with  a  membrane  which  is  frequently  of  considerable  thick- 
ness (fig.  7).  In  this  state  I  have  never  observed  them  to  undeigo  any  divi- 
sioa  or  any  other  change ;  and  when  dried  the  cysts  still  retain  their  contents. 
When  dear  water  is  poured  over  them  they  do  not  return  to  life,  but  would 
probably  do  so  in  a  fermenting  infusion. 

**  The  mode  in  which  the  swarming  individuals  arrive  at  this  state  of  repose 
i^ipearB  to  be  as  follows : — The  filaments  are  gradually  shortened,  their  sub- 
stance cdleoting  at  the  firee  extremity  in  the  form  of  a  small  knob,  until  at 
last  the  filiform  portion  entirely  disappears,  and,  in  pkce  of  the  filaments,  two 
vesicles  are  seen  at  the  anterior  extremity  of  the  investing  membrane.  I 
have  obeenred  a  similar  contractibility  of  tiie  substance  of  the  filaments  in  a 
Bodo  which  is  most  nearly  allied  to  Bodo grandiSy'Ehihg.  As  this  possesses  not 
three  filaments  only,  as  seen  by  Focke  (Ehr.  p.  84),  but  often  as  many  as  five, 
the  vesicles  produced  in  this  manner  cannot  easily  be  overlooked.  I  cannot^ 
however,  state  with  certainty  whether  all  the  inchviduala  which  undergo  this 
diange  invest  themselves  with  cysts.  When  infusions  containing.  Po^toma 
are  diied  slowly,  individuals  with  the  vesides  just  described  are  found  in  the 
deposit,  but  no  cysts ;  and  it  is  not  impossible  that  such  individuals  may  assist 
in  the  omtinnation  of  the  spedes  in  some  other  way." 

After  some  valuable  notes  on  other  Infusoria,  Schndder^  condudes  his 
history  of  Pblyiama  by  the  following  arguments  for  its  animal  nature : — 

**  That  Pc^ytoma  is  an  animal  may  be  maintained  upon  two  grounds. 

*'  1.  The  eonsHttUum  of  the  investing  memlrane. — ^As  soon  as  the  starch-like 
granules  have  been  destroyed  by  the  long  action  of  concentrated  sulphuric 
add,  no  part  of  the  creature  is  cdoured  blue  by  iodine.  Now  we  have  no 
more  reason  for  believing  that  the  vegetable  cell-membrane  mvet  necessarily 
ccnsist  of  cellulose,  than  that  the  animal  cell-membrane  should  not  consist 
of  that  substance,  so  that  we  are  still  compelled  to  sedc  for  other  characters 
fer  their  distinction.    These  would  be— 

"  2.  The  eontraetHe  spaces. — ^A  statement  of  Cohn  has  certainly  rendered 
it  doubtful  wfaeth^  the  occurrence  of  these  is  henceforward  to  be  regarded  as 
an  essential  indication  of  an  animal  nature.  He  says,  '  On  the  other  hand, 
certain  genera  of  Alg«B  exhibit  a  stage  of  devdopment  in  which,  in  external 
form,  in  ihe  absence  of  a  cellulose  membrane,  in  the  distinct  existence  of 
cihaiy  organs  of  motion,  red  eye-like  spots,  vacudes,  and,  according  to  a  very 
leeeat  discovery,  of  internal  pulsating  spaces,  they  undoubtedly  appear  very 
nnikr  to  the  Astomatous  Infusoria.'  K  these  pulsating  spaces  occur  only 
in  uniedlular  Algae  provided  with  cilia,  these  perhaps  should  properly  be  re- 
stored to  their  place  amongst  animals,  notwithstanding  the  subsequent  ap- 
pearanee  of  cdlulose-membrane  upon  them.  But  if  they  occur  in  the  swarm- 
edls  of  the  Confervae,  they  certainly  cease  to  be  a  characteristic  of  animal 
nature.    Thus,  if  we  are  not  yet  in  a  podtion  to  refer  Polgtoma  with  perfect 
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certainty  to  its  proper  place,  there  is  decidedly  no  reason  for  exdnding  it 
from  the  animal  kingdom.  We  will  not,  however,  yentore  to  consider  the 
Infusoria  famished  with  a  month  (Stomatoda,  Von  Siehold)  as  formed,  like 
Polytoma,  upon  the  type  of  a  simple  cell :  for,  high  as  we  may  rate  the  ad- 
vantage accruing  to  science  from  the  comparison  of  the  Protozoa  with  simple 
cells,  difficulties  stand  in  the  way  of  its  complete  application  in  the  case  of 
ftTiiTnftiR  of  such  complicated  structure  as  the  VorticdlcB  for  example ;  and 
these  cannot  he  considered  as  entirely  done  away  with  until  the  history  of 
their  development  has  furnished  proof  that  at  no  period  does  a  fusion  of 
several  cells  take  place. 

**  In  conclusion,  we  hiing  together  the  results  of  the  investigation  as  shortly 
as  posdhle. 
'    <<  1.  Polytoma  is  an  animal. 

''  2.  It  IS  characterized  hy  a  clear  investing  memhrane,  which  does  not 
consist  of  cellulose ;  two  contractile  spaces  in  the  suhstanoe  of  the  body ;  a 
nucleus  with  a  nucleolus;  two  filaments;  and  by  the  deposition  of  layers  of 
starch-Hke  granules. 

*^  3.  The  starch-granules  may  become  converted  into  a  blue  or  green  co- 
louring matter. 

^'  4.  Polytoma  divides  within  the  investing  membrane  into  two,  four,  or 
eight  parts,  and  propagates  itself  in  this  manner. 

**.  5.  It  passes  into  a  state  of  repose." 

These  arguments  will,  we  fear,  not  be  deemed  satis&ctory  to  most  natu- 
ralists. That  the  investing  membrane  should  not  be  coloured  blue  by  iodine 
is  an  unimportant  fact  in  determining  its  nature ;  for  the  same  thing  happens 
with  many  undoubted  vegetable  tissues,  and  we  are,  besides,  not  sufficiently 
acquainted  with  the  chemical  history  of  starch,  cellulose,  and  allied  isomeric 
substances,  to  appeal  to  their  presence  or  absence  as  decisive  of  an  animal  or 
v^etable  nature.  Then,  again,  as  to  the  contractile  spaces,  these  cannot  be 
considered  peculiar  to  animal  life,  seeing  that  they  are  present  in  such  gene- 
rally recognized  v^etable  forms  as  (Jhlamydomonas,  Oonium,  and  VoUiox, 

Moreover,  Schneider  himself  describes  starch-granules  and  chlorophyll- 
vesieles  within  Polytoma,  which,  if  these  substances  had  any  decisive  beanng 
on  the  question,  would  quite  settle  its  affinity  with  plants,  irrespective  of  the 
constitution  of  the  enveloping  membrane.  Besides,  the  whole  history  of  the 
organism  accords  so  closely  with  the  known  phenomena  of  life  and  develop- 
ment of  the  simplest  plants,  that  thib  alone  must  carry  much  weight  in  fixing 
its  position  in  the  scale  of  beings. 

FAMILY  n.— CBYPTOMONADINA. 

(Plates  XYin.  29—34.) 

The  CRTFTOMOKAniNA,  which  follow  the  Monadina  in  the  arrangement  of 
Ehrenberg,  claim  but  a  brief  consideration,  ioasmuch  as  so  little  precise  infor- 
mation is  obtainable  with  respect  to  them,  and  as  the  existence  of  possibly 
all  of  them  as  independent  organisms  is  a  matter  of  much  uncertainty.  The 
genera  enumerated  were — Cryptomonas,  OpMdomonaSy  Urocentrum,  LageneUa, 
Cryptoglena,  and  Trachelomonas.  To  characterize  the  Cryptomonadina  in  two 
words,  they  are  encysted  Monadina  or  Eugleneee.  Ehrenberg  puts  forward  the 
following  account : — ''  They  exhibit  all  the  characteristics  of  the  Monadina, 
but  have,  in  addition,  an  external  diaphanous  membrane  or  lorica,  whidi 
either  encloses  them  entirely — i.  e.  forms  an  urceoitw,— or  leaves  one  side 
exposed,  and  so  constitutes  merely  a  shield — sctUeUum,  Locomotive  organs, 
in  the  shape  of  two  delicate  filiform  and  generally  retractile  filaments  or  pro- 
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bosddesy  extend  from  the  margin  of  the  mouth  in  all  the  genera  except  £a^fn/Z2a, 
in  which  also,  hy  the  way,  Wemeck  thinks  he  has  discerned  them.  Coloured 
food  hajB  not  hecni  known  to  he  received ;  and  hence  the  nutritiTe  organization 
has  not  been  demonstrated:  however,  in  six  or  seven  species  (nearly  one-half  the 
&mily)  internal  gastric  cells  have  been  discovered.  In  two  genera  sensation  is 
exhibited  by  the  presence  of  a  coloured  spot  or  ocellus  at  the  fore  part  of  the 
body.    Multiplication  by  complete  division  has  been  seen  in  some  specimens." 

Such  is  Ehrenberg's  account  of  Cryptomonadina.  Bnjardin  has  a  parallel 
£unily  with  it  he  names  Thecamonadma,  and  details  the  following  particu- 
lars (op.  eiU  p.  323) : — **  The  Infusoria  of  this  family  having  in  some  mea- 
sure merely  one  n^;ative  character  in  common,  vii.  the  non-contractiHty  of 
their  int^^iment,  can  be  divided  into  several  fiuniUes  according  to  the  nature 
of  the  enclosing  membrane  and  the  number  and  disposition  of  their  locomo- 
tive filaments.  Thus,  some  are  globular  and  others  leaf-like  ;  some  have  a 
hard,  as  it  were  stony  sheU,  whilst  others  are  covered  only  by  a  thin  flexible 
membrane ;  some,  again,  have  but  one  filament,  others  two  similar  ones  or 
two  of  different  size,  and  others,  again,  more  than  two.  Until  new  observa- 
tions have  augmented  the  number  and  the  knowledge  of  species,  the  difiSnr- 
cnces  just  pointed  out  will  merely  serve  to  characterize  genera  which  are 
indeed  much  more  really  distinct  in  this  family  than  in  Monadina.  The 
Theeamonadioa  are  in  fact  more  advanced  in  organization  than  the  Monadina ; 
they  are  not,  like  the  latter,  produced  in  artificial  infasions,  nor  do  they  change 
figure  and  characters  according  to  the  medium  in  which  they  exist.  They 
stand  in  the  same  relation  to  tiie  Monadina  that  the  Rhizopoda  (Arcellina,  or 
Monothalamia)  do  to  the  Amcehae :  their  organs  are  no  more  distinct ;  but  their 
individuality  is  more  pronounced." 

^^  The  Thecamonaduia  are  aU  very  small,  although  they  may  be  rendered 
visible  to  the  naked  eye  by  their  accumulation  in  great  numbers,  and  by  the 
eolour  they  then  give  rise  to ;  their  colour  is  usually  green, ....  but  sometimes 
red.  They  are  mostly  cognizable  by  the  stifihess  of  their  body  and  tho 
uniformity  of  their  movement."  Dujaiilin  ignores  the  stomach-sacs,  the  con- 
tractile seminal  vesicle,  the  testis,  and  the  green  ova  which  Ehrenberg  attri- 
buted to  this  family :  he  likewise  can  assign  no  value  to  the  eye-specks  as 
generic  features,  and  is  compelled  to  deny  the  occurrence  of  shells  in  the 
^rm  of  a  shield,  open  on  one  side ;  for  those  appearing  so  are  merely  flattened 
on  that  aspect.  He  adds,  the  integument  in  all  these  cases  is  much  more 
roomy  than  the  contents,  from  which  it  is  separated  by  a  clear  space  having 
the  appearance  of  a  ring. 

Perty  adopts  both  the  terms,  Cryptomonadina  and  Theeamonadina,  to  ex- 
press the  two  funilies  under  which  he  arranges  the  several  genera  enumerated 
by  Ehrenberg  and  Ihijardin,  together  with  some  instituted  by  himself.  This 
is  not  the  place  to  point  out  the  distinctions  he  has  drawn  between  the 
two  fiunilies  so  constructed ;  but  the  original  observations  Perty  has  made  on 
some  ^)ecimens  wiU  be  of  interest.  For  instance,  he  says  that  (op.  cit,  p.  81), 
"  When  the  green  animalcule  of  Trypemonas  volvocina  {T^rachelomonas  vol- 
vodna,  Ehr.)  is  about  to  self-divide,  it  contracts  itself  within  its  glass-like 
globular  shdl,  oscillates  to  and  fro,  whilst  the  motor-fibres  become  lost,  or 
remain  without  further  connexion  with  the  animal,  fixed  in  the  circular 
opening  of  the  outer  shell.  Fission  now  proceeds  in  the  usual  mode  into 
two  and  four  individuals,  which  on  their  completion  exhibit  the  rod  stigma, 
previously  undistinguishable  among  the  green  molecules:  the  breaking  up 
of  the  sheU,  scarcely  yoW^  ^^  ^  ^^  ^  thickness,  is  effected  either  by 
the  movements  of  the  contained  beings  or  by  dissolution."  The  shells  of 
Trypemonas,  Chonemonas,  and  Cryptomonas,  which  contain  no  silex  in  their 
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oompoeition,  seem  to  be  particularly  prone  to  decompositLoiiy  so  that  their 
empty  shells  or  their  fragments  are  extremely  seldom  to  be  met  with  in 
water  abounding  in  loricated  Monads.  '^  In  On^tomonas  polymorpha  I  have 
repeatedly  witnessed  this  rapid  breaking  up  of  the  shell ;  the  margin  is  reeolyed 
into  numerous  drops  which  separate  from  one  another,  and  in  the  course  of 
ten  or  twelve  minutes  the  lorica  spreads  itself  out  as  an  inconspicuous  mem* 
branous  structure.  Moreover,  in  Chonemonas  hispida  a  constant  movem^it 
is  observed  in  the  shell  when  the  animal  is  about  to  divide,  and  when,  as 
almost  always  happens,  the  filaments  are  lost,  or  remain  attached  to  the  shell 
without  any  connexion  with  the  animal.  Until  the  period  of  self-division 
the  connexion  between  the  animal  and  shell  persists,  for  the  latter  is,  at  its 
origin,  simply  the  hardened  periphery  of  the  former ;  but  when  fission  hap- 
pens this  bond  is  ruptured  and  cannot  be  re-established,  and  the  contained 
animalcule,  being  thus  set  free,  no  longer  moves  with  the  shell,  but  in  it,  and 
this  in  an  uneasy,  irregular  manner."  At  p.  83  he  goes  on  to  say  that  in 
Cryptomonas  polymorpha  internal  germs  (Blastien)  are  almost  constantly 
cognizable ;  in  smaller  and  young  specimens  in  less  abundance.  In  a  pool 
containing  Utrietdaria  in  July  1848,  he  met  with  the  dark  green  variety  in 
immense  numbers,  along  with  clear  green  germs  frx)m  -9^'"  to  -^^ir"',  col- 
lected in  masses  held  together  by  a  very  delicate  pellicle,  and  either  motion- 
less or  in  active  movement  among  the  old  individuals.  In  other  vaiietiee  he 
has  seen  similar  germs.  Thus,  on  pressing  the  large  brown  variety  the  germs 
escaped  as  independent  isolated  beings.  In  the  hyaliae  variety  {Chihmonas 
Paramecivm,  £hr.)  he  not  seldom  witnessed  astonishingly  rapid  development 
by  longitudinal  fission ;  in  one  specimen  the  two  halves  remained  for  a  con- 
siderable time  tied  together  by  a  band,  which  became  stretched  thinner  and 
thinner  by  the  long-continued  movements  of  the  two  beings  until  it  at  length, 
gave  way.  After  moving  about  for  some  time,  vital  energy  is  lost,  and  probably 
one-half  of  the  specimens  sink  to  the  bottom  of  the  drop  of  fluid  under  obser- 
vation. The  germs  in  this  hyaline  variety  are  moreover  very  evident  and 
numerous.  Amid  the  many  specimens  of  nearly  equal  and  minute  sise, 
others  much  larger  are  not  uncommon,  furnished  with  a  red  eye-speck. 

Schneider  gives  (A,  N.  H,  1854,  xiv.  p.  327)  an  account  of  CfUlomonas 
Paramecium,  differing  much  from  the  foregoing.  He  describes  it  as  having  a 
dear  nucleus  with  a  reddish  halo  around  it,  and,  although  he  could  distin- 
guish no  contractile  space,  observed  a  reddi^  vesicle  always  in  the  anterior 
extremity,  and,  in  direct  opposition  to  Forty's  observations,  states  that  what- 
ever number  of  these  animals  he  examined,  he  never  observed  multiplication 
by  fission  (p.  133). 

In  March  1848,  Perty  noticed  AnisoiMma  aeintu  (Buj.)  in  difSarent  stages  of 
development ;  the  smallest  forms  were  evidently  derived  from  the  germs,  about 
'^'"  in  length,  and  circular ;  by  further  growth  they  became  elliptic,  and 
presented  a  larger  number  of  internal  germs ;  at  the  same  time  the  fibree, 
which  are  so  easily  seen  in  the  full-grown  beings,  were  perceived  with  the 
greatest  difficulty  in  the  smallest. 

Among  lus  Thecamonadina  are  enumerated  two  genera,  named  Chonemonof^ 
and  Tryp&monas:  the  latter  is  equivalent  to  Ehrenberg's  genus  Trachelo' 
manas ;  but  the  former  includes,  besides  LageneUa,  two  genera  which  the 
Berlin  systematist  placed  in  fiunilies  far  removed  from  his  Cryptomonadina, 
viz.  Chatoglena,  placed  among  the  PeridinicBa,  and  Pantotriehum,  classed  with 
the  CycUdina,  Concerning  ^e  reproduction  of  these  two  genera,  Perty  has 
some  original  observations. 

In  some  decomposing  water  he  met  with  Chonemonas  and  Trypemonas  in. 
great  abundance— the  greater  part  of  a  green  colour  with  red  eye-specks, 
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withoat  loiica,  and  of  vaiious  dimoiwions.  In  both^  the  lorica  first  made  its 
appeaianoe  as  a  smooth  hyaline  enyelopey  which  grew  stronger,  then  red,  and 
at  length  brown  or  blackish  brown — ^becoming  also  in  Chonemonas  stOl  firmer, 
and  covered  with  aq^erities.  During  this  transition  from  a  soft  periphery  into 
a  shell,  two  sets  of  intersecting  lines  were  at  times  visible,  which  by-and-by 
vanished.  Moreover,  examples  of  Cfhcnemonas  occurred  which  c(«itinued 
amooUi,  and  constituted  the  variety  Ch.  glabra.  By  using  very  high  mag- 
nifying powers  to  fully  developed  specimens  of  Trypemonas  volvoeina,  the 
lorica  appeared  to  be  everywhere  peribrated,  or  more  probably  beset  with  a 
aeries  of  depressiona  or  thinner  spots.  On  the  sheU  becoming  very  dark,  the 
green  contents  and  the  red  stigma  ceased  nearly  or  quite  to  be  visible.  Naked 
ChomoMuads  and  Trypemonadi  are  easily  distinguishable  from  EuglmoB^ 
heeanse  their  contraetiHty  is  so  mudi  less,  and  consequently  their  actual  round 
fonn  80  much  the  more  permanent.  All  these  minute  naked  examples  are 
doubtless  produced  from  germs :  fission  was  witnessed  in  no  instance.  Ordi- 
narily the  animal-like  Chon^monas,  furnished  with  a  red  eye-speck,  had  an 
elliptical  form  prior  to  the  construction  of  the  shell,  just  like  lohcated  forms ; 
yet  ovate  and  obovate  examples  are  also  to  be  seen.  Minute  specimens  are 
poorer  in  endochrome,  this  material  occurring  cmly  in  one  or  two  specks.  The 
locomotive  filaments  are  absent  at  first,  and  after  their  appearance  <mly  gra- 
dnally  attain  the  normal  length.  The  construction  of  tiie  lorica  frequently 
proceeds  to  completion  in  very  small  specimens,  whilst  laige  ones  remain 
naked,  notwithstanding  the  formation  of  germs  goes  on  in  those  where  the 
ehromnle  is  in  a  certain  quantity.  Many  dead  Chonemanads  were  encountered 
having  their  contents  either  shrivelled  up  or  even  so  completely  removed  as 
to  leave  only  an  empty  yellowish-brown  sheU. 

At  a  sobeequent  page  (p.  131)  Perty  mentions  certain  abnormal  forms, 
among  others  CrypUymomoB  polymorpha^  having  but  one  instead  of  two  fila- 
m^ts,  and  at  other  times  elongated  into  a  tail-like  process. 

Fmn  all  the  preceding  accounts  of  Cryptomonadina  there  seems  sufficient 
to  show  that  these  beings  are  but  a  certain  phase,  the  encysted  state,  of  a 
set  of  oiganisms  which  have  a  general  resemblance  to  zoospores,  or  to  simple 
inioellnlar  Algse.  The  germs  mentioned  by  Perty  accord,  to  all  ai^pearance, 
with  the  microgonidia  of  other  authors,  and  behave  themselves  in  a  similar 
manner.  Cohn  observes  {A,  N.  H,  1852,  x.  p.  335)—-"  Traehdomonas  and 
the  analogous  forms  do  not  belong  to  the  vegetable  kingdom  at  all,  but  are 
nearest  tdlied  to  the  Astasisea,  and  appear  to  be  loricated  Euglenese,  not 
loricated  Monads,  as  Ehrenberg  assumed."  We  shall  hereafter  see  that  this 
inde&tigable  naturalist  leans  to  the  belief  that  Eugleneae  are  animals ;  hence 
^  idea  he  puts  forward  respecting  the  Trachelomonads. 

As  these  sheets  were  passing  through  the  press,  Mr.  Carter's  valuable 
paper  <m  Etidorina  and  Cryptoglena  made  its  appearance  {A.  N.  H,  1858,  ii. 
p.  237).  The  Cryptoglena  described  is  supposed  to  be  a  new  species,  and  is 
named  C.  Untieularis,  on  account  of  its  lenticular  shape.  It  is  compressed 
and  emarginate,  and  frmushed  with  a  pair  of  cilia.  In  this  little  being 
Mr.  Garter  sappoeeB  an  act  of  fecundation  to  take  place,  the  microgonidia 
heing  sui^poaed  to  represent  the  male,  the  macrc^onidia  the  female  element. 
AmoDg  the  nnmefous  specimens  met  with,  there  was  a  number  of  deciduous 
kriea,  **  some  of  which  were  split  into  halves  which  were  sepunted,  while 
others  only  adhered  together  anteriorly,  and  presented  a  pair  of  cUia  attached 
to  their  point  of  union."  In  several  instances,  the  internal  cell,  or  the  con* 
t«nta  endoeed  in  their  protoplasmic  sac,  often  distended  by  imbibition  of  water 
to  three  or  four  times  the  dimensions  of  the  germ  lorica,  were  seen  escaping 
from  the  separated  segments  of  the  latter,  and  in  their  globular  shape  and 
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general  features  nndistingaishable  from  Chlamydoeoceus  under  similar  forms. 
These  escaping  internal  cells  were  divided  into  two^  four^  eight,  and  sixteen 
parts ;  and  it  was  noticed  that  the  variety  which  came  forth  with  only  two 
gonidia  was  surrounded  by  a  swarm  of  from  ten  to  twenty  much  smaller 
gonidia,  which  were  identical  in  all  appearance  with  those  resulting  fr:om 
division  into  sixty-four  parts.  But  the  cells  divided  into  two  s^ments  were 
not  the  only  ones  so  surrounded  by  microgonidia ;  for  in  two  or  three  instances 
a  few  were  found  around  and  adhering  to  the  inner  cell  of  those  divided  into 
four  gonidia. 

"  It  was  also  observed  that  the  two-division  did  not  always  come  forth  in 
one  cell,  but  that  sometimes  this  was  also  divided,  so  that  each  gonidium  had 
its  proper  cell.  The  form  of  the  macrogonidia  or  female  cells  did  not  differ 
from  the  internal  cell  of  the  parent,  except  in  being  a  little  smaller, — ^while 
the  microgonidium,  which  was  not  more  than  l-7th  of  the  diameter  of  the 
macrogonidium,  and  therefore  very  small,  appeared,  though  equally  green,  and 
provided  with  an  eye-spot,  to  hare  only  one  cilium.  I  cannot  help  thinking, 
however,  that,  with  a  higher  power,  I  might  have  seen  two." 

The  purpose  fiiMlled  by  the  contact  of  the  microgonidia  with  the  macro- 
gonidia, Mr,  Carter  condudes  to  be  that  of  impregnation ;  for  he  observed 
one  of  the  former,  as  a  spermatozoid,  fix  itself  to  one  of  the  latter  (the  spores 
or  female  cells),  and  gradually  become  incorporated  with  it.  The  microgo- 
nidium, after  having  so  attadied  itself,  assumed  a  conical  or  peg-top  shape, 
and  thus  appeared  to  gradually  squeeze  itself  into  the  macrogcmidium. 

This  m<>ie .  of  impregnation,  thus  directly  observed  by  Mr.  Garter,  is  the 
copy  of  that  the  same  observer  witnessed  in  Evdorina  (Pandorina),  and  of 
that  first  noted  by  Ck)hn  in  Volvox,  He,  moreover,  believes  that  it  obtains 
in  the  case  of  Tra^helcnumas,  for  he  '^  has  often  seen  the  largest  Trachelo- 
monad  of  a  pool  divided  up  into  a  group  of  apparently  sixteen  cells  within 
the  lorica ;  and  this  may  account  for  the  mynads  of  three  to  four  smalW 
sizes  that  are  frequently  found  together  in  this  way.  The  latter  certainly 
appear  in  a  green  form  first ;  that  is,  without  the  lorica,  which  gradually 
becomes  supplied  afterwards.  Thus,  impregnation  also  in  the  Trachelomo- 
nads  may  t£^e  place  like  that  seen  in  Eudorina,  after  the  parent-cell  has 
undei^ne  division  within  the  lorica."  (See  Part  II.,  Systematic  Histoiy  of 
Cryptomonadina.) 

FAMILY  in.— VOLVOdNEJE  OR  VOLVOCINA. 

(Plates  XIX.  XX.) 

This  is  the  most  important  and  most  interesting  family  of  the  Phytozoa. 
The  genera  enumerated  in  it  by  Ehrenberg  were  Oyges,  Pandorina,  Oo^ 
nium,  Synerypta,  Synura,  Uroglena^  Eudorina,  ChhmyclornJonas,  SpTiaarosira, 
and  Volvox.  The  name  is  derived  from  the  rolling  {yolverey  to  tuni)  motion 
of  the  genus  Volvox,  which  is  typical  of  the  family.  Ehrenberg  was  the 
first  rightly  to  appreciate  the  true  nature  and  compound  structure  of  the 
principal  genera  as  the  aggregation  of  numerous  monadiform  beings  in  a 
common  polypary-like  mass.  He  correctly  described  the  several  individuals 
as  resembling  Monads  in  most  particulars  of  their  organization,  but  was  so 
carried  away  beyond  this  simple  natural  statement  by  his  peculiar  views  of 
structure,  as  to  describe  them  as  having  an  unvarjdng  body,  without  oUier 
external  appendages  than  a  pair  of  cilia  or  filaments,  and  internally  sevend 
digestive  sacs  but  no  true  alimentary  canal,  green  ova,  two  rounded  seminal 
glands,  a  contractile  (spermatic)  vesicle,  and  eye-specks  indicating  the  exist- 
ence of  sensation.      The  substance  connecting  the  several  beings,  and  in 
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wioA,  thej  are  imbeddod,  he  called  the  lorica,  and  stated  that  propagation 
oeeorred  by  self-diyision  within  the  enveli^,  and  probably  also  by  ova. 

The  g^iera  CMamydamonas  and  Oyges,  or  ChhtnydococcuM  (XIX.  9-31), 
o£Eer  an  exception  to  the  other  members  of  the  flEunily  in  not  producing 
aggregate  forms  or  colonies,  at  least  not  in  their  assumed  t3rpical  phase. 

WMLst  denying  in  toto  the  elaborate  animal  organization  presumed  by 
Ehrenberg,  M.  Dujardin  nevertheless  continued  to  recognixe  the  Volvocina 
as  animal  structures,  and  contented  himself  with  merely  proposing  a  dif- 
ferent distribution  of  the  genera.  However,  since  this  distuiguished  French 
naturaliBt  wrote,  the  opinion  has  been  powerfully  advocated,  and  everywhere 
gaining  ground,  that  the  Volvocine€B  belong  to  the  vegetable  kingdom ;  con- 
sequently their  structure  and  vital  phenomena  receive  quite  a  different  inter- 
p-etation  from  thai  given  by  the  writers  above  named. 

The  VolvocinecB  are  now,  in  the  language  of  algologists,  *  Tetratporay  of 
the  family  PalmeUeoi  or  PalmeUaeece,  The  monadiform  beings  are  *  primor- 
dial cells,'  and,  in  more  general  language,  '  corpuscles,'  whilst  the  common 
pellicle  or  nidus  connecting  them  is  ^ed  by  Cohn  and  others  the  '  envelope- 
eelL'  The  author  just  named  says  {BhUw,  p.  165),  that,  from  his  observa- 
tions on  CTdamydococms,  Chlamydomona$,  and  SUphanotphceray  the  Volvo- 
cinecB in  general  consist  essentially  of  two  parts : — 1.  of  a  colourless,  hyaline, 
completely  dosed,  and  usually  spherical  envelope-cell  composed  of  cellulose ; 
and  2.  of  green  primordial  ceUs,  single  in  the  two  first-named  genera,  but 
eight  in  number  in  Stephano^phctra,  enclosed  within  the  envelope-cell.  In 
each  case  these  cells  are  simply  primordial  sacs,  unenclosed  by  any  special 
firm  cellulose  membrane,  and  consist  of  a  fine  granular  protoplasm,  coloured 
green  or  red  by  chlorophyll,  or  by  a  peculiar  oil  (XIX.  48,  49).  Tlie  proto- 
plasm forms  only  the  outer  layer  of  the  cells,  and  is  often  prolonged  on  the 
inner  8urfiEU»  of  the  ^  envelope-cell '  in  the  form  of  delicate  mucous  fibres 
(XIX.  53).  The  primordial  cells  are  moreover  themselves  elongated  from 
before  backwards,  forming  a  colourless  apex  from  which  two  vibratile  fila- 
ments take  their  rise,  and  passing  through  two  foramina  in  the  envelope- 
cell,  stretch  themselves  outwards  in  the  surrounding  water,  and  by  their 
vibration  serve  to  move  the  entire  compound  organism.  The  <mly  difference 
between  Chlamydocoeeus  and  StepTianosphcgra  is  one  affecting  the  mode  of 
development,  in  which  only  the  primor£al  cells  (not  in  any  way  the  common 
envelope)  take  part.  These  cells  divide  first  into  two,  then  into  four,  then 
into  eight  or  more  daughter-ceUs  (macrogonidia)  (XIX.  40,  41,  42);  but 
after  the  third  or  the  second,  and  often,  indeed,  after  the  first  act  of  division, 
a  permanent  generation  results.  Thus,  in  CTdamydomonoB  and  Chlamydo' 
eoeeus,  each  of  the  daughter-cells  becomes  free  and  independent,  encloses 
itself  within  an  envelope-cell  of  its  own,  and  after  developing  two  fibres, 
breaks  through,  with  their  aid,  the  common  envelope  of  the  parent-cell  (XIX. 
23-26  and  S^).  In  Step7iano9p7i<jeray  on  the  contrary,  the  eight  primordial 
cells  produced  by  the  third  act  of  fission  secrete  around  themselves  a  common 
envelope  (XIX.  56),  which  invests  them  like  an  integument,  first  lying  close 
upon  them,  but  afterwards,  through  the  imbibition  of  water,  raised  from 
them  all  round,  assuming  a  globular  form ;  but  so  that  the  primordial  cells 
occupy  ihe  periphery  at  tiie  equator  of  the  gbbe  like  a  ring  or  zone  (XIX. 
57,  58),  having  their  eight  pairs  of  filaments  protruded  through  the  openings 
in  the  common  envelope  (XIX.  38).  Chlamydocoeeus  and  OMamydomonas 
stand  in  the  same  relation  to  Stephanoiphara  that  PlewroeoceuM  does  to  PaU 
meBa,  Phyeasirum  to  Detrmdium^  Ncmcida  to  Schixanema,  VorticeVxi  to  J^- 
tiyliSf  or  as  Hydra  to  Can^ntUaria. 

Buty  further,  a  second  mode  of  development,  viz.  by  microgonidia,  prevails 
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alike  in  the  three  genera  in  question,  the  bisection  of  the  contents  of  the 
cell  proceeding  so  feu*  that  they  are  eventually  resolved  into  numberless  small, 
mostiy  spindle-shaped  corpuscles  (XIX.  51),  whidi  at  first  osdllate  by  the 
aid  of  two  or  four  vibratile  filaments  within  the  common  envelope-cell,  but 
subsequently  escape  singly  from  it,  (XIX.  52),  and,  after  enjoying  for  a  con- 
siderable time  very  energetic  in^isorial  movements,  finally  pass  into  a  state 
of  rest,  preparatory  to  some  ftiture  development. 

'<  The  laj^r  undivided  macrogonidia,  after  swarming  often  the  whole  day, 
are  also  seen  to  enter  (as  witnessed  in  Chlamydoeoccus  and  Stephano^hcgra) 
into  the  condition  of  rest,  when  each  primordial  cell  contained  within  the 
delicate  envelope-ceU  secretes  about  itself  a  second  more  compact  cellulose 
membrane  which  closely  invests  it,  and  is  not  perforated  by  the  ciHaiy  fila- 
ments (XIX.  20, 21).  It  is,  in  fact,  the  counterpart  of  the  membrane  which, 
in  common  plant-cells,  overlies  the  primordial  layer.  In  this  distinctly 
plant-like  or  protococcoid  condition  the  cells  remain  without  motion,  and 
may  endure,  even  when  dried,  for  a  whole  year,  and  then,  on  the  addition  of 
water,  undergo  segmentation  into  two,  four,  or  eight  gonidia,  which,  imme- 
diately after  developing  their  filaments  and  envelope-ceUs,  break  through  the 
walls  of  the  parent-cell  and  crowd  the  surrounding  fluid." 

The  facts  relating  to  the  structure  and  functions  of  the  genera  above 
adduced,  apply  in  the  main  to  all  the  VolvoclnecB ;  for  the  differences  between 
the  several  genera,  although  demanding  special  consideration,  are  not  essen- 
tial. Thus,  for  example,  in  Oonium  (XIX.  32)  the  figure  is  a  flattened  sphe- 
roid, and  the  green  primordial  cells,  viewed  collectively  from  above,  resemble 
a  four-sided  £sc  or  plate,  ha^g  each  angle  truncated.  Moreover,  the  trans- 
parent colourless  envelope  does  not  acquire  the  character  and  appearance  of 
a  firm  membrane,  but  presents  itself  as  a  mucous  or  gelatinous,  not  cellulose, 
sheath. 

Chlamtbohonas. — ^The  first  of  the  genera  included  by  Ehrenbei^  in  his 
family  Volvocinay  of  which  we  shall  attempt  a  description,  is  ChlaTmdomonas 
or  Chlamydomonas  (XIX.  16).  It  recommends  itself  to  our  attention  because 
of  its  simplicity  and  its  existence  in  an  isolated  state.  This  last  fact  seemed 
to  Dujarfin  a  sufficient  reason  for  removing  it  from  the  Volvodna  to  the 
Tfueamonadina,  and  for  renaming  it  Disehnis,  on  account  of  its  having  two 
filaments ;  for  he  would  admit  into  the  former  family  only  aggregate  organ- 
isms ''enclosed  within  a  common  envelope,  or  having  special  envelopes 
mutually  adherent."  On  this  same  ground  he  also  advocated  the  transposi- 
tion of  Gyges  from  the  Volvox  family  to  that  of  the  TJieeamoiuuUna,  a  genus 
which  we  shall  presentiy  have  to  note  under  the  name  of  Cfdamydoeoecus  or 
Protococcus  pluvialis.  To  this  arrangement  Cohn  objects  {A,  N,  H.  1852, 
X.  p.  834) ;  for,  says  he,  ''  a  more  profi>und  investigation,  not  only  of  the 
structure,  but  also  of  the  history  of  develi^mient,  teaches  us  that  CMamydo- 
monas  {Disdmis,  Buj.)  possesses  only  external  analogies  with  Trackelomonas, 
while  this  form,  as  Ehrenberg  already  discovered,  exhibits  the  closest  alliance 
to  Oonium  and  Pandarina.  The  relation  of  the  colourless  envelope  to  the 
enclosed  green  globes,  the  position  of  the  two  cilia,  which  arise  from  the  latter 
and  pass  out  through  the  former,  and  lastiy,  the  laws  of  division  of  the  gre&i 
cells  inside  the  envelope,  in  powers  of  two,  display  themselves  in  exactly  ttie 
same  way  in  ChUxmydoeoccus  as  in  the  rest  of  the  VolvodneoR ;  and  the  only 
distinction  between  them  consists  in  the  circumstance  that  in  CMoimydonumai 
(and  Chlamydoeoecm)  the  individuals  produced  by  the  division  of  the  green 
globes  separate  after  the  absorption  of  the  parent  envelope,  and  live  on  as 
individuals,  while  in  the  other  Vohociruca  the  daughter-cells  produced  by 
the  division  of  one  green  primordial  cell  remain  connected  by  the  persistent 
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paraii-oell  as  by  a  oommon  envelope,  and  move  about  as  a  well-defined  body 
eomposed  of  many  cells." 

The  best  accounts  of  the  structuie  of  Chlamydomonas  we  have  at  hand  are 
thoee  by  Perty  {op,  eit.  p,  85),  by  Braun  (Etfuv.,  R.  8.  p.  214),  and  by 
Thuret  (JSur  Us  Zowpores,  Ann.  8e,  Nat,  xiv.  1860).  Unfortunately,  each 
of  these  writers  deecribes  a  different  species,  which  renders  our  attempt  at  a 
geaenl  history  the  more  difficult.  The  figure  varies  between  ovoid  and 
globular ;  and  the  cell  is  not  prolonged  at  the  point  from  which  the  pair  of 
vibratile  filaments  proceed,  although  a  colourless  space  exists  there.  The 
organism  consLsts  of  a  green  mass — the  primordial  cell — surrounded  by  a  dia- 
phanous deUcate  envelope,  which,  unlike  that  of  Chlamydococcus,  is  closely 
applied  to  it,  so  that  it  leaves  no  dear  interspace  between  the  two.  The 
contents  are  green  globules  and  larger  vesicles,  with  a  single  large  chlorophyll- 
utricle  in  the  centre — the  nucleus  (XIX.  16)--very  like  in  appearance  to  the 
starch-globule  so  frequent  in  the  cells  of  green  AlgSB.  In  addition,  there  is 
a  red  stigma,  and  in  some  rare  instances  two  such ;  in  other  examples,  again, 
it  is  altc^Uier  wanting.  Motion  is  effected  by  the  ciliary  filaments,  which 
penetrate  the  extemdl  envelope  from  the  enclosed  globule;  the  envelope 
resembles  that  of  zoospores  in  general ;  and,  like  those  structures,  these  uni- 
cellular beings  seek  the  light  and  exhale  oxygen. 

Perty  describes  colourless  germs  from  which  new  specimens  originate, — a 
statement  no  doubt  equivalent  to  saying  that  these  beings  reproduce  them- 
selves by  microgonidia,  as  Cohn  represents.  Fission  into  macrogonidia  is 
binary  or  quatemaiy,  as  in  Tetraspora,  and  gives  rise  to  two,  four,  eight,  and 
even,  at  times,  sixteen  or  thirty-two  individuals.  Generally  whilst  this  act 
proceeds  the  cells  are  quiescent,  ceasing  from  their  usual  movements.  This 
proeees  of  multiplication  is  not  influenced  by  the  size  of  the  Chlamydomonads, 
for  it  occurs  in  specimens  varying  between  -^  to  ■^"'. 

Amid  the  film-like  collections  of  Chlamydomonas,  groups  of  individuals  may 
be  encountered  in  various  stages  of  change  and  of  breaking  up :  some  have 
oitirely  or  partially  lost  their  green  contents ;  others  have  acquired  a  yel- 
lowish-brown, or,  more  seldom,  a  red  colour ;  others  are  much  contracted  as 
small  ^obules  within  the  dear  gelatinous  cases,  whilst  others,  lastly,  acquire 
a  proboscis-like  process,  or,  by  pressure,  an  angular  outline. 

The  variety  and  transition  of  colour  just  remarked  depend  upon  the  phase 
of  existence  and  the  entrance  on  the  resting  or  quiescent  condition.  The 
fseDs  of  Chlamydomonas  obiusa,  Braun  tells  us,  when  swarming  are  of  a  dark 
green  colour,  truncate  at  both  ends,  and,  after  multiplying  for  some  time, 
produce  here  and  there  very  minute  paler  and  more  brownish-yellow  micro- 
gonidia. *'  In  the  course  of  a  few  weeks  no  more  active  cells  could  be  found 
in  the  water,  the  ftill-grown  swarms  having  all  gradually  come  to  rest  and 
sonk  to  the  bottom.  The  original  longish  shape  of  the  cells  had  changed 
into  a  perfect  sphere  with  the  transition  to  rest ;  the  colour  of  these  resting- 
cdls,  originally  green,  gradually  passed  into  a  light  yellowish  brown ;  at  i£e 
same  time  a  number  of  small,  sharply-defined,  brilliant  globules  were  formed 
fn,  ihe  interior,  having  quite  the  appearance  of  drops  of  oil.  In  this  altered 
condition  the  Chlamydomonads  remained,  exhibiting  neither  growth  nor 
increase.'*  It  is  added,  in  a  note,  that  these  resting  (seed)  cells  are  about 
X'"  in  £ameter,  have  a  tough,  colourless,  and  transparent  membrane,  and 
nnally  assume  a  flesh-red  colour.  On  awakening  frt>m  this  'resting '-stage, 
segmentation  of  the  contents  revives,  with  the  disappearance  of  the  red  and 
oQ-like  elements.  The  resting-stage  of  the  microgonidia  has  not  been  suffi- 
ciently investigated. 
Ckkm^^domawu  Puhnsculus,  in  the  opinion  of  Cohn  and  most  others,  is 
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undistinguishable  fix>in  Polytoma  UveUa  in  every  material  point, — the  absence 
of  colour,  and  its  habitat  in  decomposing  infusion  alone  offering  themselves 
as  distinctive  of  the  latter.  Nay,  what  is  more,  he  discovers  the  intimate 
resemblance  of  Chlamydomonas  to  the  resting-stage  of  a  Volvox  which  he 
discovered  in  decomposing  infusions,  and  named  V.  hyalina.  From  these 
considerations  he  concludes  that  Chlamydomonas  and  Polytoma  must  be  ranked 
with  Volvox  in  the  vegetable  kingdom. 

But  Chlamydomonas  is  made  to  appear  a  metamorphic  condition  of  yet 
other  organisms.  For  instance,  Itzigsohn  states  that,  after  the  joints  of  the 
filaments  of  Oscillaria  tenuis  are  separated,  they  produce  motile  gonidia 
"  which  present  in  all  respects  the  aspect  of  Chlamydomonads,  but  which, 
after  passing  through  many  intermediate  forms,  grow  into  perfect  Euglena  " 
{J,  M,  S.  1854,  p.  189).  Likewise  Hartig,  in  his  account  of  the  transforma- 
tions of  the  Phytozoa  of  Antheridia  (J,  M,  S,  1855,  p.  54),  makes  one  phase  to 
resemble  Chlamydomonas  destruens  of  Ehrenberg.  Lastly,  Cohn  confesses 
(On  Protococcus,  B,  S,  p.  555)  that  the  motile  or  swarming  form  of  Protoeocrus 
is  scarcely  distinguishable  from  Chlamydomonas,  except  that  the  latter  has 
not  been  observed  by  him  in  the  '  stiU '  condition.  But  this  presumed  point 
of  divergence  itself  vanishes  since  Braun's  observations  have  made  us  ac- 
quainted with  the  quiescent  phase  of  that  organism  (p.  147). 

The  relation  of  Chlamydomonas  to  St^hanosphcera,  and,  in  general,  its 
alliance  with  the  Volvocina  as  a  plant,  have  been  reviewed  in  the  preceding 
remarks  on  the  family  (p.  145). 

Chlamydococcus  (XIX.  20-31),  another  unicellular,  isolated  organism  of 
the  family  Volvocina,  has  arrested  much  attention,  and  been  described  at 
large  by  Flotow,  Braun,  Cohn,  Forty,  and  others  under  the  additional  names 
of  Protococcus,  HamuUococcus,  and  Hysginwm.  Ehrenberg  has  no  genus 
similarly  named;  but  modem  researches  show  that  Qyges  is  in  part  its 
equivalent,  although  but  one  phase  of  its  existence. 

Ehrenberg's  account  of  Oyges  is  very  meagre.  He  characterizes  it  as 
wanting  both  filaments,  eye,  and  tail,  and  as  completely  encased  within  its 
lorica  (an  urceolus).  He  could  discern  no  traces  of  a  nutritive  system,  and, 
except  a  very  slight  movement  rendered  evident  by  colouring  the  fluid, 
could  detect  no  indication  of  animality.  On  the  other  hand,  Mr.  Shuttle- 
worth  examined  O,  sanguineus,  and  stated  it  to  have  a  lively  motion  {Edinb. 
Phil.  Joum,  V.  p.  29). 

In  our  preliminary  notes  on  the  Volvocineai  in  general,  a  vegetable  nature 
is  assigned  to  the  Chlamydococcus ;  and  its  relation  to  other  Volvocinete  is 
thus  laid  down  by  Cohn  (A.N.H,  1852,  x.  p.  335)  ;— 

''  Chlamydococcus  is  a  unicellular  Alga  in  the  strictest  sense  of  the  word, 
never  composed  of  more  than  one  cell  at  any  period  of  its  gpx>wth,  and  each 
division  forms  the  commencement  of  a  new  individual,  whilst  the  remainder 
of  the  Voh/ocinecB  [t.e.  excepting  Chlamydomonas]  present  themselves  as 
families  of  ceUs,  in  which  a  definite  number  of  equivalent  ceUs  are  combined, 
in  some  measure,  into  an  individual  of  a  higher  order. 

"  The  researches  of  Alex.  Braun,  like  my  own,"  he  continues,  **  hav^ 
proved  most  distinctly  that  Chlamydococcus  can  only  be  placed  with  pro- 
priety among  the  Algae.  It  is  distinguished,  indeed,  from  the  moving  germ- 
cells  by  which  far  the  greater  part  of  the  species  of  Algae  are  propagated,  both 
by  a  somewhat  more  complex  structure  and  by  the  circumstance  that  the 
motion  lasts  for  a  very  long  time,  and,  finally,  by  the  power  of  the  moving 
cells  to  propagate  as  such  without  entering  into  the  state  of  rest  (germina- 
tion) otherwise  than  as  quite  a  temporary  condition.  But  these  objeetionB 
touch  only,  to  some  extent,  the  specific  character  of  Chlamydococcus  and  the 
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Vchfodnea  generally  as  nniceUular  plants;  and  they  do  not  stand  there 
ttDKmg  the  Algffi  altogether  without  intermediate  conditions,  as  Alex.  Braun 
has  proYed,  especially  from  the  long  movement  of  the  VolvodnecB. 

*^  On  the  other  hand,  the  external  form,  like  the  chemical  and  morphological 
Qgganiiataon  of  the  contents,  the  laws  of  motion,  and  the  general  physiological 
l^enomena,  especially  however  the  hehayionr  in  the  transition  into  the  con- 
dition of  rest,  in  Chlamydococeus,  agree  so  perfectly  with  the  moving  spores, 
the  transformation  of  which  into  nndouhted  plants  has  heen  demonstrated 
with  sdentifio  deamess,  that  no  nnprejndiced  ohserver  can  discover  an 
eeeential  distinction.  1  have  mentioned  in  my  essay  that  Ehrenherg  himself, 
although  he  claims  the  moving  condition  of  the  forms  allied  to  Gfdamydo^ 
cocoa  as  InfMoria,  has  declared  the  resting-stage  of  this,  or  a  most  closely 
allied  genns,  to  he  an  undoubted  Alga ;  and  yet  the  moving  Inftisoria  are 
only  a  propagative  form  of  the  motionless  Alga.  Finally,  1  have  succeeded 
in  demonstrating  the  memhrane  of  the  cells  of  Chlamydococcus,  hoth  in  the 
resting  and  jpartieularly  in  the  moving  stage,  to  consist  of  ceUuhse,  and  thus 
in  establishing  the  most. important  criterion  of  a  vegetable  cell  we  are  at 
Iffeeent  acquainted  with — ^the  ternary  composition  of  the  cell-membrane — 
in  the  Infosorioid  condition  of  OMamydococeus,  In  fact,  all  the  more  recent 
obsOTvers  of  Chtamydoeoccus,  the  number  of  whom  is  not  inconsiderable, 
have,  almost  without  exception,  agreed  in  recognizing  in  all  conditions  of  the 
development  of  this  form,  only  a  plant  and  nothing  but  a  plant,'* 

Beodes  the  valuable  sket<^  r^erred  to,  of  the  relations  of  Ohlamydoeoccus, 
Cobn  has  presented  an  elaborate  memoir  on  this  oiganism  under  the  name  of 
Protoeoeeus,  in  a  paper  translated  for  the  Ray  Society  (Botanical  and  Physio- 
logical Memoirs,  1853),  and  has  subsequentiy  extended  his  views  of  it  and 
its  affinities  in  Ids  essay  on  the  development  of  microscopical  Algae  (Entwick, 
d.  mUcr.  AJgen,  1854).  Of  these  most  important  papers  we  shall  make  free 
use  in  sketdiing  the  history  of  this  genus. 

"  The  moving  cell  of  Odamydocowue  is  composed  of  two  principal  parts,  a 
hyaline  spheriod  envelope,  wMch  is  formed  of  a  delicate  structureless  mem- 
brane consisting  of  cellulose,  and  immediately  surrounds  colourless  contents, 
perfai^  consisting  of  pure  water.  In  the  centre  of  the  envelope  occurs  a 
eolowred  globule,  composed  of  the  universal  nitrc^nous  protoplasm  or  mucus 
ci  vegetable  cells,  coloured  red  or  green  by  chlorophyll  or  a  carmine-red  oil, 
and  containing  imbedded  in  it  numerous  granules  of  protoplasm,  as  well  as 
one  or  more  large  chlorophyll- vesicles.  This  coloured  globule  is  attenuated 
at  the  upper  end  into  a  colourless  point ;  from  this  go  out  two  dlia,  which 
protrude  into  the  water  through  two  orifices  in  the  membrane  of  the  enve- 
lope, and  produce  the  movements  of  the  whole.  The  inner  coloured  globule 
is  not  boimded  by  any  rigid  membrane,  but  merely  by  a  thickened  layer  of 
protc^[dasm ;  hence  its  contour  is  very  changeable  and  passes  through  mani- 
fold transformations  in  the  course  of  its  development.  In  particular  it  fre- 
quently becomes  elongated  in  all  directions  into  colourless  radiating  filaments, 
which  keep  the  internal  coloured  globule  suspended  freely  in  the  envelope, 
and  are  afterwards  retracted  in  the  course  of  the  development. 

**  The  motionless  cells  of  CMamydocoecus  are  of  much  simpler  structure, 
and,  like  all  forms  of  Protococcus,  consist  simply  of  a  tough  spherical  cellulose 
meonlnane  and  green  or  red  contents  organized  a?  primordial  utricle.  The 
hirtory  of  development  shows  that  under  certain  conditions  the  contents  of 
the  motionless  cells  become  divided  into  a  number  of  portions,  which  always 
eorreflpond  to  two,  or  a  power  of  two,  in  their  number,  that  these  portions 
become  oiganized  into  special  primordial  utricles,  and  as  such  break  through 
the  panot-oell,  each  developing  two  cilia,  and  by  the  aid  of  these  rotating 
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aotiyely  in  the  water.  During  their  motion  they  excrete  a  delicate  oeUnlar 
membrane  oyer  their  entire  siuface,  which  is  gradually  removed  &rther  and 
farther  from  the  primordial  utride  by  endosmoee  of  water^  until  at  length  it 
becomes  the  wide  envelope  of  the  moving  form  described  above.  From  this 
it  follows  that  the  latter  forms  do  indeed  possess  on  the  whole  the  character 
of  simple  ceUs,  but  display  some  peculiarities  in  their  structure  and  develop- 
ment, since  the  internal  coloured  globule  corresponds  originally  to  the  pri- 
mordial utricle  of  other  vegetable  oeUs,  yet  is  not  surrounded  by  a  membrane^ 
as  usual^  but  suspended  firee  in  it  like  a  cell-nucleus,  while  watery,  unazotixed 
contents  appear  between  the  membrane  and  the  primordial  utride.  For  this 
reason  1  have  called  the  enclosed  coloured  globule,  which  is  formed  first,  and 
originally  moves  about  without  a  special  membrane  in  the  manner  of  a  cdl, 
and  corresponds  to  the  primordial  utricle  of  vegetable  cells  in  general,  the 
primordial  cell,  and  the  enclosing  membrane  with  its  watery  contents  the 
envelope-cell.  The  moving  C^myc^coccu^-condition  is  capable  of  propagating 
as  such,  by  the  enclosed  primordial  cell  dividing  anew,  the  individual  portions 
slipping  out  of  their  envelope-cell  and  running  thrqugh  the  cyde  of  develop- 
ment of  their  parent-ceUs.  In  passing  into  the  state  of  rest,  the  enclosed 
primordial  cell  secretes  over  its  surface,  inside  its  envelope,  like  every  pri- 
mordial utricle,  a  new  tough  cellulose  membrane,  and  through  this  metamor- 
phosis assumes  the  form  of  an  ordinary  Protococciis-eell,  wMLe  the  envdope- 
cell  is  dissolved.  But  only  such  primordial  ceUs  behave  in  this  way  as  are 
produced  by  the  division  of  a  0?Uamydococcit8-gl6b\ile  in  a  lower  power  of 
two :  the  primordial  cells  originating  from  a  16-64-fold  division  move  fer 
more  activdy  and  do  not  secrete  an  envelope-cell ;  they  are  incapable  of  any 
propagation,  and  pass  immediately  iato  the  condition  of  rest.  Alex.  Braun 
has  called  these  forms  of  ChlamydococcuB,  which  develope  an  envdope-eell, 
maerogonidia,  and  distinguished  the  smaller  ones  originating  from  multifold 
division,  as  microgonidia.'* 

The  division  of  the  spore-  or  red  resting- cells  of  Chlamydococcus  into  two, 
and  then  into  four  segments,  each  producing  a  new  generation  of  resting- 
cells,  has  of  late  been  questioned  by  Cohn  and  Wichura ;  but  Mr.  Currey 
believes  he  can  confirm  this  occurrence,  since  he  has  "  distinctly  observed 
the  process  of  self-division  in  some  red  resting-cells,  which  were  probably 
those  of  Chlamydococcus.  I  say,"  he  writes,  "probably,  because  the  red 
resting-ceUs  of  Chlamydococcus  are  quite  undistinguishable  from  those  of 
another  of  the  Volvodneas,  viz.  Stephanosphatra  pluviaUs,  so  that  without 
following  out  the  development  it  is  impossible  to  predicate  whether  such  red 
ceUs  belong  to  one  or  the  other.'*  (J.  M,  S,  1858,  p.  209.)  A  further  refer- 
ence to  this  topic  will  be  found  in  the  account  of  StepTianospha^a. 

On  reviewing  his  history  of  Chlamydococcus  (Protococcus)  pluviaUs,  Cohn 
attributes  to  this  plant  an  '  alternation  of  generations,'  and  poiats  out  the 
periodicity  observed  in  the  appearance  ia  a  collection  of  water  of  the  several 
phases,  the  one  replacing  the  other  {On  Protococctis,  B.  8. 1853,  pp.  549, 550). 
Subsequently  he  details  the  number  of  very  various  and  changing  forms  of 
development  it  passes  through, "  which  have  been  dther  erroneously  arranged 
as  distinct  genera  or  at  least  as  remaining  stationary  in  those  genera,  although 
in  fact  only  transitional  stages  "  (p.  559).  "  Thus,"  he  continues, "  the  '  still ' 
ProtoeocouS'OeU  (XIX.  20)  corresponds  to  the  common  Frotococcus  coccoma 
(Eg.) ;  when  the  border  becomes  gelatinous  it  resembles  P.  pulcher,  and  the 
small  cells  P.  minor.  The  encysted  motile  zoospores  are  the  genus  (ryges 
graniihim  among  the  Infusoria,  resembling  also  on  the  other  side  P.  turgidus 
(Kg.),  and  perhaps  P.  versatilis  (Braim).  The  zoospores  divided  into  two  must 
be  regarded  as  a  form  of  Oyges  bipartitus,  or  of  P.  dimidiatus.     In  the  quadri- 
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partite  looepoTes  with  the  seoondary  cells  arranged  in  one  plane,  we  have  a 
Oammm.  That  with  eight  segments  corresponds  to  Pandorina  if  arum,  and 
that  with  sixteen  to  Botryoeysiis  VoUtox,  When  the  zoospore  is  divided  iQto 
thirty-two  segments,  it  is  a  UveUa  or  Syncrypta  (XIX.  27).  When  this 
form  enters  the  '  still '  stage,  it  may  be  regarded  as  a  form  analogous  to 
I^erohdUHi  proiogeniUa ;  tins  Algal  genus  is  probably,  speaking  generally, 
only  the  prodact  of  tiie  {Tve^Zo-division  in  the  EugUnai  or  other  green  forms. 
The  naked  loospoacee  (XIX.  28),  finally,  would  represent  the  form  of  a 
Monad  or  of  an  Astasia  (XIX.  29) ;  the  caudate  varieiy  approaches  that  of 
a  BodoJ' 

Perty  has  devoted  several  pages  to  recount  his  own  observations  and  ex- 
periments on  the  genus  Chlamydococcus,  or,  as  he  prefers  to  call  it,  Hysgi- 
iMMw.  He  institutes  two  species,  which  he  states  to  be  equivalent  to  Proto- 
coccus  plwialis  and  P.  nivalis  of  other  authors,  and  insists  on  their  specific 
distinctness.  Probably,  he  adds,  other  varieties  of  Protoeoceus  coloured  red 
are  also  referable  to  this  genus,  at  least  such  of  them  as  present  an  animal 
jdiase  of  existence.  To  his  mind,  the  vital  phenomena  of  such  organisms 
are  best  explicable  on  the  supposition  of  an  animal  nature ;  for,  says  he, 
cells  widch.  move  altogether  like  Infdsoria,  and  exhibit  sensation  in  their 
young  condition,  so  long  as  they  present  such  phenomena,  are  not  vegetable 
eeDs.  Moreover,  he  thinks  it  established  concerning  the  Phytozoa  in  general, 
that  in  certain  stages  of  their  life  they  sometimes  belong  to  one,  and  in 
others  to  another  kingdom  of  nature,  or  are  so  nearly  allied  to  both  that  a 
separation  is  impossible. 

After  the  space  already  devoted  to  the  structure  of  Chlamydomonas  and 
CJdamydococeus,  an  abstract  of  Perty's  long  contribution  on  the  subject  can- 
not be  introduced ;  and  indeed,  apart  from  his  different  interpretation  of 
their  vital  phenomena,  little  could  be  produced  not  included  in  Oohn's  com- 
|dete  examination.  There  is,  however,  a  paragraph  in  Mr.  Carter's  just 
published  valuable  contribution  on  Ekidorina,  r^eiring  to  Chlamydococeus, 
which  must  not  be  omitted.  He  writes  {A,  N.  H,  1858,  ii.  244) :  ''  Ohlamy- 
doeoccuM  undergoes  the  same  kind  of  changes  in  development  as  Eudarina, 
from  which  it  only  differs  id  structure  in  being  smaller  and  globular  instead 
of  oivoid,  in  the  absence  of  an  external  envelope,  and  in  the  cilia  of  the 
daoghter-ceUs  being  itiduded  within  the  parent-cell ;  hence  it  also  differs  in 
being  motionless,  though  the  compartments  of  the  daughter-cells  are  suffi- 
eiently  large  for  them  to  turn  round  and  move  their  cilia  freely  therein, 
which  they  are  continually  doing.  The  primary  cell  of  Chlamydoooceus,  like 
thai  of  Budarina,  divides  up  into  two,  four,  eight,  or  sixteen  cells,  and  those 
of  the  eight-  and  sixteen-divisions  again  into  groups  of  sixteen  or  thirty-two 
each,  so  as  to  resemble  the  third  stage  of  Eudirina.  Hence  we  may  perhaps 
infer  that  its  liBCundating  process  is  similar  to  that  of  Eudorina ;  but  tins 
remains  to  be  discovered.  CMamydococcus  has  also  a  great  tendency  to  stop 
«t  the  two-  and  four-division,  from  which  it  may  pass  into  the  *  stOl '  or 
Proiococeus'tonxi,  and,  floating  on  the  water  in  a  land  of  crust,  present  cells 
of  all  kinds  of  sixes  undergoing  '  still'  division.  In  all  its  multiplications, 
partial  and  entire,  however,  it  generally  maintains  its  primary  or  spherical 
tanOf  and  does  not  become  ovoid  or  oblong  like  the  groups  of  ^uiorina, — ^the 
only  exceptions  being  in  the  two-  and  four-division,  where  the  green  cells 
are  scmietimes  ovate  (probably  from  want  of  room  in  the  parent  capsule),  as 
repwaonted  by  Ehrvnberg  in  C.  Ihdvisculus,  to  which  I  ^ould  refer  it,  had 
he  not  also  given  an  ovate  form  to  the  type-cell  of  this  species :  nor  can  I 
rderit  to  C.pkanaMs;  for  in  aU  the  changes  I  have  yet  seen  it  undeigo,tiie 
nd  eoloiir  has  not  increased  beyond  the  minute  eye-spot,  while  this  also  dis- 
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appears,  and  the  cilia  too,  when  this  species  passes  into  the  '  still '  form. 
Here  it  undergoes  the  same  kind  of  diyision  that  it  does  in  the  active  state ; 
but  the  parent-cell,  instead  of  becoming  distended  by  imbibition,  remains 
closely  attached  to  the  daughter-cells,  so  as  to  give  tiie  group  a  mulbeny 
shape.  How  long  it  remains  in  the  '  still '  form  I  am  ignorant ;  bi^ 
having  only  seen  it  in  the  active  state  during  the  months  of  May,  June,  and 
August,  and  throughout  the  rest  of  the  year  in  the  *  still  *  one,  I  am  in- 
clined to  think  that  it  only  comes  into  the  active  state  during  liie  summer 
months,  and  then  for  the  purpose  of  fecundation. 

"  In  several  iostances,  also,  where  I  have  found  this  Chlamydoeoecus  with 
Eudorina,  they  have  been  accompanied  by  long  Closteriform  cells.  It  was 
the  case  in  that  above  mentioned,  where  tiie  latter  was  undergoing  impreg- 
nation. Some  of  these  have  an  eye-spot,  which,  with  the  nature,  arrange- 
ment, and  general  aspect  of  their  internal  contents,  shows  that  they  belong 
to  the  class  of  organisms  with  which  they  are  associated.  Their  ceU-wall 
also  is  more  or  less  plastic,  or  was  so  when  they  were  assuming  this  spicular 
form ;  for  many  have  one  or  more  diverticula  extending  firom  them,  some  are 
bifid,  and  a  few  irregularly  stellate.  "What  they  are,  I  know  not ;  but  Dr. 
Cohn  has  figured  the  same  kind  of  cells,  in  company  with  Spha^roplea  annu- 
Una,  under  impregnation." 

Mr.  Currey  {op.  dt,  p.  210)  has  noticed  and  figured  what  he  conceives  to  be 
a  generative  variety  of  Chlamydoeoecus  (XX.  24).  "  This,"  he  says,  "  I  take 
to  be  a  state  of  Chlamydoeoecus,  The  outer  membrane  was  colourless,  and 
the  two  internal  globular  cells  of  a  dear,  bright  ruby  crimson.  The  pecu- 
liarity of  the  plant  consisted  in  the  fact  of  the  cell  being  filled  with  minute 
staff-like  subcylindrical  bodies  in  active  motion,  precisely  similar  to  the 
spermatozoa  of  Vaueheria.  I  watched  these  bodies  at  intervals  for  about 
twenty-four  hours ;  and  the  motion  was  incessant.  At  the  end  of  that  time 
the  cell  slipped  amongst  some  other  AlgsB  on  the  same  slide  and  was  lost 
Whether  these  little  active  organisms  were  really  spermatozoa,  or  whether 
they  belonged  to  the  mysterious  bodies  which,  ia  some  way  or  another,  are 
supposed  to  find  their  way  &om  without  into  the  cells  of  Algse,  it  is  im- 
possible to  say." 

The  next  figure  (XX.  25)  is  also  copied  from  Mr.  Currey,  and,  as  he  re- 
marks, evidently  "  represents  the  final  stage  of  some  Volvodnemm  which  the 
gonidia  have  become  encysted."  We  allude  to  it  here,  although  it  does  not 
belong  to  Chlamydoeoecus.  Mr.  Currey  observes  further,  "  I  notice  it  be- 
cause the  encysted  cells  were  of  a  pale  yellowish-brown  colour,  and  covered 
with  minute  pits  or  depressions,  and  were  altogether  different  from  those  of 
any  other'  Alga  with  which  I  am  acquainted.  In  Pandorina  and  Stephano- 
sphcera  the  resting-spores  are  red,  in  Volvox  bright  orange ;  and  in  neither 
case  are  there  any  such  markings  as  those  in  the  membrane  of  the  cells 
shown  in  the  figure  referred  to." 

GoKiTJii  (XIX.  32-37). — This  genus  received  considerable  attention  from 
Miiller  and  Ehrenberg.  The  latter  described  it  as  composed  of  sixteen 
Monads,  resembling  Chlamydomonas  in  all  points  except  in  the  absence  of 
an  eye-speck,  collected  together  in  a  quadrsmgular  tablet,  with  from  three  to 
sis  iatercommunicating  tubes  or  cords.  Each  Monad  was  said  to  be  enclosed 
in  a  hyaline  lorica,  called  here  a  mantle  (lacema)^  which  it  could  at  times 
quit ;  also  to  have  two  filaments  (proboscides)  extended  frx)m  the  mouth,  re- 
presented by  a  clear  spot  at  their  base ;  several  clear  stomach-sacs,  a  con- 
tractile vesicle,  two  round  sexual  glands,  and  numerous  green  ova.  Detached 
individuals,  he  added,  swam  like  Monads,  in  the  direction  of  the  longitu- 
dinal axis  of  their  bodies,  with  the  mouth  in  advance  ;  but  when  in  tablet- 
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like  ttdoQieB  sometimes  moved  hoTwrntally,  at  others  vertically,  or  rolled  on 
their  edges  like  wheels  by  the  aid  of  the  pair  of  vibratile  filsunents  of  each 
meniber  projecting  from  the  sur&ce. 

The  animal  organization  here  represented  is  now-a-days  generally  ignored, 
and  Qonium  takes  np  its  position  among  plants.  Prof.  Cohn  (to  whom  we 
ne  80  much  indebted  for  our  knowledge  both  of  Protozoa  and  Protophyta) 
has  ccmtnbiited  a  valuable  paper  (Enku.  d.  mUer,  Algen  u.  Pike)  on  this  in- 
teresting bdngy  of  which  we  shall  present  an  abstract. 

Hie  entirQ  organism  is  invested  by  a  colourless  transpar^it  muco-gela- 
tinoas  envelope  without  any  cellulose  limit-membrane,  whence  it  is  that  this 
oonimon  envelope  has  firequentiy  passed  unobserved  unless  some  colouring 
matter,  such  as  Indian  ink,  has  been  added  to  the  water. 

The  figure  varies  according  as  the  plant  is  viewed  firom  above  (on  its 
pdar  aspect)  or  from  its  side  (on  its  equatorial  aspect),  being  in  the  former 
point  of  view  a  quadrilateral  tablet  with  truncated  angles  and  rounded  cor- 
ners (XIX.  32),  and  in  the  latter  a  flattened  spheroid. 

The  simple  or  primordial  cells  (XIX.  33)  enclosed  in  this  mucous  sheath 
are  sixteen  in  number,  disposed  in  a  uniform  manner,  so  that  four  cells, 
leaving  a  square  interval  in  the  centre,  are  bounded  externally  by  twelve 
others,  three  of  which  form  one  of  the  four  sides  of  the  organism  (XIX.  32). 
The  coitral  cell  of  the  three  is,  moreover,  not  in  a  Hue  with  the  other  two 
on  the  same  side,  but  set  nearer  to  the  centre ;  hence  each  side  of  the  tablet 
ii  hollowed  out  in  the  middle.  Closer  research  also  shows  that  each  of  the 
oeDs  is  not  spherical,  but  polygonal,  the  four  internal  being  six-sided  (hex- 
agonal), tiie  twelve  peripheral  five-sided  (pentagonal) ;  the  consequence  is, 
angular  interoelliilar  spaces  are  left,  the  central  of  all  being  quadrangular, 
and  all  the  rest  triangular.  This  arrangement  of  the  primordial  cells  is 
normally  so  regular,  that  Cohn  represents  it  by  a  geometrical  diagram ;  still, 
in  all  tablets  of  Qonium  this  is  not  the  case,  and  particularly  in  very  young 
specamens. 

The  regular  polygonal  contour  of  the  cells  indicates  that  they  are  not 
mere  masses  of  soft  variable  protoplasm,  like  those  of  Stephanosphcera,  but, 
on  the  contrary,  are  each  of  them  surrounded  by  a  colourless,  hyaline,  deli- 
cate but  firm  membrane,  imposing  on  them  their  fixed  form  (XIX.  34). 
This  structure  indeed  is  not  generally  discernible,  unless  by  some  abnormal 
oonditi<Mi8,  or  by  the  occurrence  of  self-division  (XIX.  35),  in  which,  as 
only  the  green  contents  are  concerned,  it  comes  to  stand  apart  from  the  latter 
as  a  distinct,  separable  sac.  It  can,  moreover,  be  demonstrated  by  crushing 
the  cells,  when  tiie  chlorophyll  escapes  through  the  rent,  and  leaves  the 
colourless  and  fractured  case.  Cohn  is  convinced  that  this  membrane  is 
composed  of  cellulose,  although,  from  the  inability  to  isolate  them,  he  has 
been  unaUe  to  prove  it  by  chemical  reagents. 

If^tiiont  any  preparation  this  investing  membrane  can,  frirther,  be  detected 
at  the  angles  of  the  cells,  from  each  of  which  it  is  prolonged  in  the  form  of  a 
abort  tubular  process,  empty  and  colourless,  the  contents  being  restricted  to 
the  general  cavity  of  the  cdl  (XIX.  34).  Each  cell  sends  out  such  a  pro- 
ceas  from  its  several  angles  to  unite  with  a  similar  one  from  each  contiguous 
cell :  in  this  way  are  formed  the  intercurrent  cords  or  canals  alluded  to  by 
Ehreoberg.  It  follows  also  from  this  structure  that  the  link  connecting  the 
angles  of  eonjobied  cells,  belongs  one  half  to  one  and  the  other  to  its  com- 
pflnion-odl. 

The  nature  of  the  Gionwiw-ceUs  and  their  connecting  tubes  is  clearly  dis- 
pkjed  by  observing  the  changes  consequent  on  the  ^^ual  evaporation  of 
the  water  about  them.     For  instance,  on  adding  salt  by  degrees,  a  portion  of 
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the  water  indnded  in  the  cells  is  witiidrawn,  whereupcm  their  contents  con- 
tract themselves  into  a  globular  form,  reyealing  the  inyesting  membrane  in 
its  entire  periphery.  A^ain,  when  the  mucous  enyelope  breaks  up  by  difflu- 
enoe,  the  cells  show  a  tendency  to  separate :  the  link-like  canals  are  first 
drawn  out,  and  subsequently  give  way  at  the  point  of  junction  of  the  two 
processes  which  form  them — and  this  with  such  a  degree  of  elastioityy  that 
the  cells  appear  to  burst  from  one  another  with  a  spring ;  and  thus  at  length 
the  entire  organism  is  resolved  into  an  irregular  collection  of  cells. 

In  the  immature  period  (XIX.  33-36)  the  outline  of  the  cell-meml»ane  is 
spherical ;  for  the  angular  figure  and  the  development  of  the  junction-pro- 
cesses are  subsequent  phenomena.  Further,  the  extension  of  the  prooeases 
at  times  goes  on  so  far  that  the  &onwm-cells  at  first  sight  ai^^ear  detadied 
from  each  other  and  free,  which  is  never  the  case  naturally. 

In  other  points  of  organization  the  cells  of  Qonivan  correspond  with  other 
loricated  swarm-cells,  particularly  with  those  of  CMamydomonas.  Their  con- 
tents consist  of  protoplasm  coloured  by  chlorophyll,  among  which,  in  dder 
specimens,  are  numerous  corpuscles  (the  ova  of  Ehrenbeig)  that  impart  a 
deeper  colouring ;  of  a  central  circumscribed  darker  corpuscle,  which,  as  par- 
ticipating in  every  act  of  fission  of  the  cell,  must  be  esteemed  a  nucleus ;  of 
several  vacuoles,  often  numerous  but  occasionally  wanting,  and  of  two  or 
three  sharply-defined  vesicular  spaces,  constant  in  position  at  the  base  of  the 
filaments  (XIX.  33).  The  last-named  are  the  locomotive  oigans  of  tiie 
organism,  are  two  in  number,  and  proceed  from  the  protoplasm,  p"w?T»g 
through  foramina  in  the  special  cell- wall,  and  afterwards  through  the  com- 
mon mucilaginous  envelope,  so  as  to  appear,  in  the  polar  aspect,  like  oat- 
stretched  fibres  from  the  tabular  organism. 

The  movements  of  Oonium  resemble  in  all  respects  those  of  StepTianospTicara 
and  Chlamydococcus  and  other  swarm-cells.  The  plant  revolves  on  its  short 
axis,  so  that  in  its  polar  aspect  it  appears  like  a  rotating  surfEioe,  whilst  in  its 
equatorial  it  has  on  the  contrary  a  linear  outline. 

In  the  course  of  its  development  by  self-division,  neither  the  general  mu- 
cilaginous coat  nor  the  cell-membrane  is  concerned,  but  only  the  contents. 
The  fission  into  16  segments  to  form  a  new  colony  has  not  that  simultaneous 
character  which  Ehrenberg  implies,  but  takes  place  by  four  stages  or  genera- 
tions, in  every  one  of  which  a  bisection  of  each  cell  already  developed  ensues 
(XIX.  35).  It  is  only  in  fully  developed  G'omum-tablets  that  self-diviBion 
is  effected — for  example,  in  such  as  have  cells  j^'"  in  diameter,  and  sepa- 
rated from  one  another  by  the  elongated  intercommunicating  processes,  and 
where  those  ceUs  have  the  disposition  described  as  characteristic. 

On  the  completion  of  the  act  of  self-division  by  the  construction  of  16 
small  cells,  these  are  found  occupying  just  the  same  relative  position  within 
the  membrane  of  their  parent-cell  as  do  the  members  of  a  perfect  GhtUum 
(XIX.  36).  Amid  numerous  examples  of  the  plant,  specimens  may  be  met 
with  abnormal  in  the  number  of  constituent  cells ;  for  instance,  colonies  of 
only  8  cells  occur,  which  are  explicable  on  the  supposition  that  the  last 
stage  of  fission,  i.  e.  the  last  act  of  generation,  has  been  arrested,  and  cmly 
three  such  acts  completed.  The  like  irregularities  are  often  noticed  in  other 
VohoeinecB, 

The  primordial  cells  of  the  newly  generated  colonies  appear  unconnected 
with  each  other,  whilst  the  mother-cell  wall,  which  still  includes  them,  is 
considerably  distended  and  elongated  in  one  direction  (XIX.  30).  The  move- 
ment of  the  colony  as  a  whole  continues  until  the  last  stage  of  fission  is  com- 
pleted, whereupon  it  ceases,  and  the  newly  formed  groups  commence  a  move- 
ment within  dieir  enclosing  cell,  sometimes  presentii^  theoaselves  in  one 
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plane  as  a  disc  fbnned  by  a  ooUectioiL  of  green  globules,  at  othere,  on  their 
edge,  looking  little  more  than  a  gieen  line. 

At  length  the  mother-cell  raptures,  and,  the  mucous  envelope  having  dis- 
appeared at  a  previous  stage  (XIX.  37),  the  young  colony  escapes  into  the 
sorroixnding  water,  moves  freely  about,  and  commences  an  independent  ex- 
ifltenoe.  These  young  fonns  have  usually  a  diameter  of  j^'".  Supposing, 
which  is  very  probable,  that  a  young  Oomtun  after  24  hours  is  capable  of 
development  by  fission,  it  follows  that  under  favourable  conditions  a  single 
eolony  may  on  the  second  day  devdope  16,  on  the  third  256,  on  the  fourth 
4096,  and  at  the  end  of  a  week  268,435,456  other  organisms  like  itself. 
This  calculation  sufficiently  explains  the  extremely  rapid  multiplication  of 
\heso  organisms,  colouring  a  collection  of  water,  floating  on  its  surface  as  a 
scum,  or  settled  in  bad  weather  as  a  filmy  stratum  at  the  bottom. 

The  cells  which  break  away  firom  the  group,  and  so  leave  vacuities  in  its 
conformation,  resemble  in  their  isolated  condition  the  cells  of  Chlamydomonas. 
Such  detached  cells  were  deemed  by  Ehrenberg  equally  capable  of  fission  as 
the  persistent  members  of  a  colony ;  Cohn,  however,  has  never  observed  the 
phenomenon,  and  believes,  on  the  other  hand,  that,  after  swanmng  for  a  time, 
they  enter  into  a  state  of  rest,  and  by  shedding  their  locomotive  filaments 
assome  the  Protococcoid  state.  This  '  still '  form  of  the  G'omtiTn-cells  is  in  all 
likelihood  also  entered  upon  when  the  water  in  which  they  live  is  dried  up 
and  the  functions  of  life  suspended ;  and  it  may  be  that  on  the  addition  of 
fresh  water  such  cells  give  issue  to  motile  forms,  and  thus  a  parallel  series  of 
changes  occur  in  this  organism  to  that  observed  in  StepTianospTujera.  Never- 
theleas  a  resting-stage  of  Qonium  is  not  positively  demonstrated ;  for  although 
analogy  is  in  ^vour  of  it,  and  tiie  occurrence  of  Protococcoid  cells  in  com- 
pany with  the  ordinary  tabular  groups  suggests  the  probability  that  these 
are  *  still '  oeUs,  yet  the  absence  of  characters  to  distinguish  them  from  the 
awarm-spores  of  other  AlgSB  renders  their  determination  at  best  a  matter  of 
doabt. 

Development  by  fission  as  described  is,  therefore,  the  only  mode  proved  to 
exist ;  it  resembles  that  in  Chlamydococcus  and  Sti^hansaphcera,  by  which 
macrogonidia  are  formed.  The  production  of  microgonidia,  as  se^i  in  both 
the  genera  just  named,  as  well  as  in  Eudorina  (Pandorina)  and  Volvoa;,  is  as 
yet  unknown  in  Qonium. 

Bespecting  its  relation  to  other  VotvocinecB,  it  is  to  be  observed  that, 
although  there  are  striking  differences,  there  are,  on  the  other  hand,  decided 
natural  affinities  betwixt  tiiem  and  OorUum.  Thus,  although  the  envelope- 
cell  is  80  imperfecUy  developed  that  it  cannot  be  represented  as  a  special 
■hut  sac,  as  in  the  case  of  Stephanotphcera,  Chlamydococeus,  &c.,  yet  it  is 
analogous  to  the  envelope-cell  of  those  genera  in  its  relation  to  the  cell-con- 
tents ;  and,  besides,  in  the  case  of  the  intimately  allied  Eudorina  elegans,  the 
e<munon  envelope,  which  resembles  that  of  Stephanogpluxra,  is  found  first  as 
a  simple,  and  later  as  a  double  fine  cell-membrane.  (In  Pandorina,  indeed, 
Pn^BSScnr  Henfrey  asserts  the  mucous  envelope  to  be  devoid  of  a  limiting 
membrane.) 

Again,  the  primordial  ceUs  of  Oonium  are  enclosed  in  a  special  membrane, 
and  not  mere  globules  of  protoplasm  unprotected  save  by  a  pellicidar  layer  of 
the  same  snbdance ;  thus  the  disposition  in  Oonium  (the  primordial  cells 
enckwed  by  a  membrane,  the  envelope-cell  not  invested)  is  just  the  reverse  of 
that  in  CJdamydoeoccus,  CMamydomonas,  and  Stephanoq^hara.  However,  the 
existence  of  a  m^nbrane  around  the  primordial  cells  is  not  an  anomalous  dr- 
dUDstanee  among  the  VolvocinecB,  since,  in  certain  stages  of  development,  a 
film  clos^  applied  membrane  is  produced  around  the  cells  of  the  other 
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genera — as,  for  example,  around  the  microgonidia  of  Chlamydococcus  when 
tiiey  enter  on  their  resting-stage,  and  about  the  cells  of  SUphanosphara 
when  preparing  to  leave  the  common  envelope.  But,  farther,  in  these  in- 
stances, when  tibis  special  closely  applied  membrane  appears,  the  envelope-oell 
breaks  up  into  a  mucilaginous  layer,  and  then  presente  the  normal  condition 
of  that  of  Ooniwn.  In  other  structural  matters,  in  the  number  of  vibratile 
filaments,  and  in  the  histoiy  of  development,  Oomum  entirely  accords  with 
the  other  genera. 

After  this  review  of  the  affinity  of  Ooniwn  with  the  other  VolvoemecB,  it 
follows  that,  like  them,  it  must  be  of  a  v^etable  nature,  although  oelluloee 
has  not  been  detected  in  it.  Still  more,  the  evident  relation  of  Gonium  with 
Pediastrum  (U.  44),  the  plant-nature  of  which  no  one  at  the  present  day  will 
gainsay,  points  to  the  same  natural  position.  It  agrees  with  that  pkoit  in 
genend  structure,  in  the  union  of  several  cells  in  one  plane,  in  the  number  of 
those  cells  and  in  their  self-fission  in  the  power  of  two,  in  the  development 
of  new  tablets  and  in  obedience  to  the  same  laws.  The  only  difference 
between  these  two  genera  is,  that  in  Pediastrum  the  swarming  of  the  cells, 
although  surroimded  by  a  common  envelope-cell,  ceases  when  they  are  asso- 
ciated together  in  a  tabular  form, — ^whilst  in  Otmiwn  the  reverse  is  seen,  the 
power  of  motion  becoming  manifest  when  the  several  cells  are  in  combination. 
To  state  this  generally :  in  Pediastrum  the  individual  cells  swarm,  and  the 
colony  is  quiescent ;  in  Oonium  the  colony  swarms,  and  the  quiescent  state 
of  the  several  cells  follows  upon  their  separation. 

However,  there  are  organs  in  Oonium  which,  did  they  admit  of  proof  as 
essentially  animal  structures,  would  be  fatal  to  all  these  arguments  for  its 
vegetable  nature.  These  are  the  two,  or  more  rarely  three,  permanent 
vacuoles  visible  near  the  origin  of  the  vibratile  filaments,  which  are  seen  to 
contract  and  expand  alternately  within  a  brief  interval.  These  contractile 
vesicles  have  a  sharp  outline,  are  colourless,  and  look  like  dear  rings  in  the 
midst  of  the  green  cells.  To  detect  them  and  their  movements,  the  most 
translucent  and  large  ceUs  must  be  chosen ;  they  must  also  be  perfectiy  still, 
and  lie  flat  upon  the  glass  slide, — an  object  attainable  by  a  partial  evaporation 
of  the  drop  of  water. 

The  two  vacuoles  (XIX.  33)  are  but  littie  apart,  equaUy  clear  and  laige, 
and  apparentiy  unconnected.  Their  action  is  alternate,  each  vacuole  under- 
going a  systole  and  diastole  in  succession,  whilst  the  time  occupied  by  the 
systole,  by  the  diastole,  and  by  the  interval  is  equaL  The  same  equality 
in  time  obtains  also  between  the  two  vacuoles  of  the  same  cell.  Likewise  a 
uniformity  prevails  among  the  different  cells  of  the  same  Gfonium,  but  not 
among  the  cells  of  different  specimens ;  and  Cohn  holds  the  occurrence  of 
rhythmical  contractions  of  these  vacuoles  as  a  well-established  feet. 

These,  therefore,  are  pulsating  spaces,  filling  up  with  water,  and  after  a 
time  expelling  it,  and  agree  in  all  points  with  tiie  so-called  *  seminal  vesicle  * 
of  Ehrenberg  (the  contractile  sac  or  vesicle  of  other  authors)  met  with  in 
ciliated  Infusoria.  Cohn  next  proceeds  to  discuss  the  question  if  these  pul- 
sating sacs  are  to  be  considered  exclusively  animal  organs,  and  arrives  at  the 
conclusion  that  they  cannot  be  so  considered,  and  cannot  be  appealed  to  in 
the  decision  of  the  question  of  the  animal  or  v^etable  nature  of  any  doubtful 
oiganism. 

To  conclude  this  complete  history  of  Oonium,  as  abstracted  from  Ck>hn'8 
elaborate  essay,  we  must  add  that  the  description  applies  only  to  Gonium 
pectordU  (Ehr.),  which,  in  the  author's  opinion,  is  the  only  species  referable 
to  the  Volvocinece,  the  remainder  enumerated  by  Ehrenberg  being  members 
of  the  genus  Merismospedia  of  the  PdlmeUacece, 
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Pakdobika  (XIX.  5d-69;  XX.  22,  23).— This  genus  has  recently  been 
veiy  carefiilly  and  thoroughly  examined  by  Prof.  Henfrey  {J,  M,  8,  1856, 
p.  49)  in  an  able  memoir,  of  which  we  shall  make  free  use  to  supply  our 
readers  with  a  satisfactory  description  of  this  interesting  and  beautifiil  or- 
ganism. The  specimens  examined  were  of  the  species  Pandorina  Morunrty 
of  which,  as  Prof.  Henfrey  justly  rema]i:s,  the  description  "  given  by  Ehren- 
berg  is  so  incorrect,  that  no  one  would  be  able  to  determine  the  organism  by 
its  aid ;  but  the  figures  in  the  Infiisionsthierchen,  although  rude,  are  sufficient 
for  identification.**  Dujardin  contributed  nothing  to  our  knowledge  of  this 
genus,  which  he  treated  as  one  with  Eudorina,  objecting,  very  justiy,  to  the 
worthlessness  of  the  red  speck  as  a  distinctive  generic  character  between  them. 

Prof.  Henfrey's  account  is  so  succinct  that  it  admits  of  no  abridgement,  we 
are  tiierefore  induced  to  present  it  entire.  "  The  forms,"  he  writes  (p.  60, 
op.  cfl.),  "  presented  by  this  oiganism  are  exceedingly  varied ;  and  nothing 
can  be  more  beautiM  than  a  number  of  them  revolving  slowly  on  their  long 
axes  in  a  drop  of  water,  as  seen  under  a  power  of  about  100  diameters.  In 
the  first  place,  the  perfect  form  exhibits  two  patterns  (shown  in  XIX.  figs. 
59  and  60)  ;  and  there  are  minute  counterparts  to  these,  remaining  in  that 
state,  while,  in  the  water  where  the  species  is  actively  multiplying,  all  sizes 
between  fig.  64,  just  emerged  firom  the  parent  frond,  and  the  full-grown  form, 
figs.  59  and  60,  &c.,  occur.  The  form  with  32  gonidia  results  firom  the  cell- 
division  going  on  one  stage  further  than  in  the  form  with  16 ;  but  this  dif- 
ference is  fixed  during  the  earliest  stages  of  development,  as  the  form  with 
16  never  changes  into  that  with  32  after  it  has  become  free  from  the  parent. 
In  ^e  perfect  forms  the  gonidia  are  arranged  near  the  periphery  of  the  frond, 
in  circles,  like  the  equator  and  parallels  of  latitude  on  a  globe, — so  that  Pan- 
dorina  resembles  Cohn's  Stephano^phara  more  closely  than  any  of  the  other 
Vchfo^neiBy  that  having  a  single  equatorial  ring  of  gonidia  in  its  globular 
frond.  Among  the  forms  with  ti^e  isolated  gonidia  occur  others  almost  equally 
nmneroas  with  the  gonidia  collected  together  into  beny-like  heaps  (figs.  Q5>-- 
68) :  these  are  smaller  than  the  others,  but  equally  varied  in  dimensions ; 
their  gonidia  resemble  those  of  the  other  form;  they  appear  destined  to 
form  the  resting-spores. 

**  The  gonidia  are  almost  globular ;  they  have  no  proper  membrane,  but 
consist  of  a  gelatinous  gramdar  substance  which  contains  a  thinner  fluid  in 
^e  centre,  as  it  contracts  strongly  by  exosmosis  when  strong  saline  solutions 
are  applied.  There  is  a  large  nucleus-like  body  (the  chlorophyll- veside  of 
A.  Bnuin)  at  the  posterior  end  of  the  gonidium  (fig.  61) ;  and  at  the  opposite 
side  is  a  short  b^-like  process,  with  a  colourless  space  behind  it :  the  pair 
of  cilia  arise  here ;  and  a  little  to  one  side  and  below  these  is  the  reddish- 
brown  granule  called  the  *  eye-spot.'  We  have  never  been  able  to  observe  a 
pulsating  vacuole,  as  described  by  Busk  and  Cohn  in  Volvox  and  Oonivm, 

**  The  gelatinous  frond  appears  to  be  perfectiy  homogeneous,  without  any 
boundary  membrane.  Iodine  and  sulphuric  add  do  not  colour  it  blue.  It  is 
t<derably  resiBtent,  and  appears  solid,  as  it  does  not  give  way  or  become 
indented  by  external  pressure,  as  is  the  case  with  the  hollow  frond  of  Volvox. 

''The  fronds  are  multiplied  by  the  conversion  of  the  gonidia  into  new 
funiHes.  If  they  are  viewed  at  night,  many  of  the  fronds  may  be  found  at 
rest  at  the  bottom  of  the  vessel  (in  the  daytime  they  assemble  at  the  side 
next  the  light),  motionless,  and  with  the  gonidia  rounded  and  deprived  of 
their  nndeiis.  By  covering  up  the  bottle  from  the  light,  the  development  of 
the  new  fronda,  which  natmrally  takes  place  very  early  in  the  morning,  may 
be  retarded,  so  as  to  be  followed  during  the  morning  until  noon.  Some  of  the 
Atxids  may  be  found  witii  tiie  gonidia  converted  into  beny-like  heaps  (fig.  62), 
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others  with  the  gonidia  already  distinct  (fig.  63),  while  many  parent  fironda 
present  the  yonng  fronds  more  or  less  r^olarly  arranged  in  the  softened 
and  expanded  parent  mass,  which  ultimately  diissolTes  and  sets  them  free 
(figs.  64,  65).  They  then  increase  in  size  in  proportion  to  the  fovonrahle 
conditions  in  which  they  are  placed.  I  have  never  seen  anything  like  what 
are  descrihed  by  Cohn  in  StepTianoapTicera  as  *  microgonidia.'  In  a  letter  re- 
ceived from  Professor  A.  Brann  since  the  above  was  written,  he  speaks  of  the 
forms  with  small  gonidia  (fig.  64)  as  the  '  microgonidial '  form. 

''When  kept  for  some  weeks,  an  increasing  quantiiy  of  fronda  became 
accomnlated  at  the  bottom  of  the  water,  afhd  these  chiefly  of  the  character 
shown  in  fig.  66,  but  devoid  of  cilia ;  and  while  many  of  them  decayed,  in 
others  the  gonidia  became  encysted  so  as  to  form  globular  cellules.  Left  for 
a  fortnight,  the  water  was  foimd  without  a  trace  of  green  colour,  with  merely 
a  brownish  sediment  at  the  bottom,  upon  examining  which,  it  was  found  to 
contain  a  large  number  of  berry-like  forms  with  the  gonidia  not  only  en- 
cysted, but  with  their  contents  converted  into  a  red,  oily,  granular  substance 
(figs.  67,  68),  as  in  the  resting-spores  of  many  Confervoids.  The  gelatinous 
frond  was  here  almost  dissolved  away ;  and  a  slight  pressure  was  sufficient  to 
detach  and  separate  the  cellules,  which  are  doubtless  resting-sporee  (fig.  69) 
and  destined  to  become  subsequently  developed  into  new  fronds.  This  remains 
to  be  decided. 

"  The  organism  thus  described  is  a  well-marked  and  distinct  species,  veiy 
different  from  Volvox  and  Oonium,  but  approaching  near  to  Stephanosphara. 
The  form  which  produces  the  resting-spores,  after  losing  its  dlia,  is  Eiitzing's 
Botryocystis  Morum,  I  have  met  with  a  form  like  this  not  unfrequently,  but 
never  before  with  the  perfect  Pandorina,  Mr.  Pollock  teUs  me  that  he  has 
collected  from  the  same  pond  for  some  years  past,  but  never  found  Pandorina 
before,  and  yet  it  colours  the  water  green  this  season.  Volvox  seems,  in  like 
manner,  to  come  and  go  at  intervals  of  years,  its  revivification  fit)m  the  rest- 
ing-spores depending  much  on  external  conditions." 

Mr.  Currey's  valuable  contribution  to  our  knowledge  of  the  British  freshwater 
Alg®  (J,  M.  8,  1858,  p.  213)  furnishes  the  following  memoranda  on  Pan- 
dorina.  He  writes — "  In  speaking  of  the  reproduction  of  Pandorina,  Mr. 
Henfrey  mentions  two  processes :  1.  the  conversion  of  each  gonidium  into  a 
new  frond  within  the  parent  mass ;  and  2.  the  conversion  of  the  gonidia  into 
encysted  resting-spores,  which  are  set  fi-ee,  and  subsequently  germinate  to 
produce  new  fix)nd8.  Upon  this  I  may  remark,  that  the  process  of  becoming 
encysted  does  not  invariably  take  place  within  the  parent  frond,  for  I  have 
seen  the  gonidia  of  Pandorina  escape  from  the  parent  frond  in  the  form  of 
membraneless  active  zoospores ;  and  although  I  was  not  fortunate  enough  to 
trace  the  subsequent  fate  of  these  zoospores,  the  probability  is  that,  like  those 
of  Chlamydococeus  and  Oonium,  they  would  become  encysted  at  a  subsequent 
period,  as,  without  imdergoing  iiiis  process,  it  is  difficult  to  see  how  they  could 
produce  new  fronds.  This  mode  of  escape  of  the  zoospores  seems  to  throw 
some  doubt  upon  the  suggestion  of  Mr.  Henfrey  with  regard  to  the  nature  of 
the  fix)nd  of  Pandorina,  which  he  considers  to  be  solid,  inasmuch  as  it  does  not 
give  way  or  become  indented  by  pressure,  as  is  the  case  with  the  hollow  frt>nd 
of  Volvox.  If,  however,  the  frond  were  solid,  the  zoospores  could  not  well 
escape,  except  by  its  gradual  dissolution  ;  but,  in  the  instance  I  have  men- 
tioned, the  escape  certainly  took  place  by  a  rupture  (as  may  often  be  seai 
with  Volvox),  and  not  by  a  gradual  process  of  dissolution.  In  a  paper  on 
some  Volvoeinece  by  Dr.  Fresenius,  in  the  second  volume  of  the  Transactions 
of  the  Senckenberg  Natural  History  Society,  he  speaks  of  the  easy  escape  of 
the  cells  of  Gonium  peetoraU  as  being  evidence  against  the  existence  in  that 
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A]ga  of  any  firm  coyering,  and  he  draws  a  distinction  in  this  respect  between 
Omurn  and  Pandorina.  My  observation,  however,  leads  me  to  think  that 
Pamdorina^  as  &r  as  relates  to  its  coat,  does  not  substantially  differ  from 
Vohox  and  Chmium.  Besides  the  nature  of  its  coat,  there  are  some  other 
pomts  of  stmctore  in  Pandorina  requiring  farther  examination  and  elucida- 
ti(HL  Ehrenberg  stated  that  the  gonidia  of  Pandorina  have  one  cilium,  and 
no  eye-spot,  a  view  adopted  by  Fresenius  in  the  paper  I  have  alluded  to. 
Focbe  and  Dr.  Braun  considered  Ehrenberg's  observations  inaccurate,  and 
Mr.  Henfrey  agrees  with  them.  As  far  as  my  observations  go,  I  should  say 
that  the  gonidia  haye  usually  two  cUia,  but  that  they  firequcndj  have  no  eye- 
spot.  'Mr,  Henfrey  has  never  boon  able  to  observe  a  pulsating  vacuole,  nor 
was  any  such  vacuole  visible  in  my  specimens.  Dr.  Fresenius,  on  the  other 
band,  has  observed  one,  sometimes  two,  such  vacuoles ;  and  he  remarks  that 
ciHa  and  red  spots  are  subject  to  considerable  variation,  and  suggests  that 
Su^^Hotephcera  and  Volvox  are  probably  the  only  distinct  forms  to  be  met 
irith  in  the  Volvocine<e.  I  should  protest  against  including  Gonium pectorale  in 
the  same  genus  as  SUphanosphofra ;  but,  with  this  exception.  Dr.  Fresenius's 
suggestion  is  probably  correct.  K,  however,  Stephanosphara  and  Pandorina 
are  only  forms  of  the  same  plant,  the  generic  name  *  StepTianosphoera '  must 
give  place  to  *  Pandorina,^  the  latter  being  of  much  earlier  date." 

According  to  Braun  (Rejuv.,  B,  S,  p.  21,  note),  the  colonies  of  Pandorina 
revolve  always  to  the  right ;  but  Prof.  Henfrey  corrects  this  statement,  assert- 
ing that  they  change  the  direction  constantly.  Another  circumstance  re- 
marked by  Braun  is,  that  both  the  birth  of  the  first  generation  of  gonidia, 
and  the  production  of  the  succeeding  generations  by  the  division  of  the  earlier, 
oftnr  in  the  morning  after  nocturoal  preparation  (p.  224), — ^a  circumstance, 
indeed,  which  prevails  in  all  the  Volvocimce.  We  must  also  note  that  among 
the  many  phases  of  development  of  Chlamydococcus  pluvialis,  Cohn  discovers 
two  comparable  in  form  to  Pandorina  Morum  and  to  the  Botryocystis  Volvox 
of  Ktttong  {op.  mt.  B.  S.  p.  669). 

The  late  valuable  contribution  of  Mr.  Carter  on  Eudorina  (Pandorina) 
(A,  iV.  H,  186S,  ii.  p.  237)  claims  our  especial  attention  as  coB&matory  of 
Cohn's  discovery  of  ^e  sexuality  of  Volvox,  a  ptirallel  fact  to  that  he  had  pre- 
viously made  out  in  the  case  of  certain  indubitable  Algee.  Mr.  Carter  identi- 
fiffl  the  organism  he  has  studied  with  the  Eudorina  eUgans,  Ehr.,  a  species 
which  naturaHsts  at  the  present  day  refase  to  consider  actually  distinct  from 
f9miorina  morwm,  inasmuch  as  the  solitary  character  upon  which  the  sepa- 
rrtion  was  made  by  Ehrenberg,  viz.  the  presence  of  a  red  speck  in  Eudorina, 
\a  well  known  to  have  no  pretensions  to  a  specific,  and  still  less  therefore  to 
j  a  generic  character.  Indeed,  Mr.  Carter  himself  treats  the  *  eye-spot,'  if  not 
I  as  a  mere  accidental  feature,  yet  as  only  an  adjunct  of  a  particular  phase  of 
plant-lifJe ;  for  in  the  very  paper  under  notice  he  puts  forward  the  query, 
*'  Does  not  the  disappearance  of  the  eye-spot  in  the  '  still '  form  thus  seem  to 
P«nt  out  its  anfdogy  with  the  bright  colours,  especially  the  red,  presented  by 
pints  in  their  flowers  during  the  season  of  fecundation,  rather  than  with  the 
«y«  of  animals?" 

We  may  consequently  regard  this  excellent  paper  by  Mr.  Carter  as  an  im- 
pwtant  supplement  to  Prof.  Henfrey's  admirable  and  lucid  memoir  on  Pan^ 
^Mm,  especially  its  developmental  history.  At  the  risk  of  some  repetition,  we 
•Wl  flQk>w  the  author  to  explain  his  researches  and  opinions  in  his  ovm  words, 
^  the  DKne  so  as  his  plan  of  proceeding  and  manner  of  description  do  not 
*■%  teiy  |H!^ecisely  with  those  observed  in  the  preceding  account  of  Pandorina. 
**  Before  gtnng/'  Mr.  Carter  writes,  "  to  the  fecundation,  it  is  desirable  that 
we  thoold  trace  tiie  development  oi  Eudorina  up  to  this  point ;  but  not  having 
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been  able  to  recognize  this  organism  in  its  simplest  form  (that  is,  as  a  solitaiy 
single  cell),  nor  any  stage  of  its  segmentation  prior  to  the  third  degree  of  da- 
plicatiTe  subdivision  (that  is,  into  16  cells,  when  the  mother-coverings  have 
dropped  off),  I  must  begin  firom  this  period. 

"  At  this  time,  which  we  will  call  the  first  stage,  the  Eudorina  consists  of  an 
ovoid  green  body,  partially  divided  into  the  number  of  cells  just  mentioned, 
each  of  which  is  provided  with  a  pair  of  cilia  which  project  through  a  thin 
gelatinous  envelope  that  surroimds  the  whole  mass.  It  is  now  in  its  smallest 
size,  about  5-5400ths  of  an  inch  long,  that  is,  not  more  than  the  diameter  of 
the  ChlamydocoecuS'Cell,  and  swims  by  means  of  its  cilia,  with  the  small  end 
foremost,  and  with  a  rotatory  motion  on  its  longitudinal  axis,  as  often  from 
right  to  left  as  from  left  to  right.  An  eye-spot  is  also  present  in  each  of  the 
four  anterior  ceUs,  but  seldom  visible  in  the  rest  at  this  period. 

<*  As  the  development  progresses  and  the  Eudorina  increases  in  size,  the  di- 
vision becomes  complete,  and  each  cell,  in  addition  to  the  granular  mucus  and 
chlorophyll  which  line  its  interior,  may  now  be  seen  to  be  provided  internally 
with  a  spherical  translucent  utricle  (which  is  the  nucleus),  an  eye-spot  situ- 
ated peripherically  and  midway  between  the  cilia  and  the  opposite  end  of  the 
ceU,  a  contracting  vesicle  at  the  base  of  the  cilia,  and  the  pair  of  cilia  them- 
selves. Each  pair  of  cilia  passes  out  through  a  single  channel  in  the  gelati- 
nous cell  or  envelope,  which  has  now  become  much  thickened — and  thus  their 
movements  are  limited  up  to  this  point, — ^while  a  defined  line  internally  marks 
the  boundary  of  the  original  cell-waU,  through  which,  of  course,  the  dlia  also 


'*  During  the  second  stage,  each  of  the  cells  again  undergoes  duplicative 
division  (the  nuclei  having  been  doubled  previously)  ;  and  the  whole  organism 
becoming  larger,  they  are  separated  frx)m  each  other,  and  being  no  longer  sub- 
ject to  the  compression  which,  with  the  lines  of  fissiparation  tending  towanls 
the  centre  of  the  ellipse,  and  their  confined  position,  induced  a  more  or  leas 
conical  and  polygonal  slmpe,  now  become  spherical  and  enclosed  respectively 
within  distinct  transparent  capsules.  The  Eudorina  is  now  30-5400ths  of  an 
inch  long,  and  contains  thirty-two  green  cells,  which  are  evidently  situated 
between  two  large,  ovoid,  colourless,  transparent  cells,  one  of  which  bounds  a 
similarly-shaped  cavity  in  the  centre  of  the  Eudorina^  and  the  other  is  the 
original  cell- wall,  round  which  again  is  the  newly  secreted  envelope, — ^while 
the  green  cells  are  further  fixed  in  their  respective  positions  by  the  passage  of 
their  cilia  through  the  two  latter,  both  original  cell- wall  and  envelope.  Thus 
we  see  that  the  Eudorina  is  derived  from  a  simple  (daughter-)  cell,  and  that 
its  green  cells  have  resulted  from  a  duplicative  subdivision  of  the  green  matter 
which  lined  the  cavity  of  this  cell.  Arrived  at  this  state,  which  we  shall  pre- 
sently see  is  that  of  maturity,  we  also  observe  that  tiie  posterior  part  of  the 
envelope  becomes  crenulated,  apparently  from  flaccidity. 

*<  After  this,  however,  it  again  presents  another  phase,  which  maybe  called 
the  third  or  last  stage  of  development.  Here  eoc^  cell  again  undergoes  a  rapid 
duplicative  subdivision  into  sixteen  or  thirty-two  cells,  which,  in  the  group, 
assume  a  more  or  less  oblong  figure  respectively ;  and  thus  the  Eudorinc^s 
length  is  increased  to  50-5400ths  of  an  inch,  llie  internal  structure  now 
gradually  breaks  down  before  the  external  envelope,  when  for  a  short  time 
the  groups  may  be  seen  swimming  about  the  cavity  thus  formed,  till  at  last 
the  envelope  bursts  and  they  become  liberated.  What  becomes  of  them  after- 
wards, I  cannot  state  from  observation ;  but  the  green  cells  having  been  greatly 
reduced  in  size  by  the  latter  subdivisions,  it  is  probable  that  many  of  the 
groups,  if  they  do  not  form  new  individuals,  sooner  or  later  become  disinte- 
grated, and  the  Eudorina  thus  eventually  perishes. 
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**  When,  however,  the  prooeat  of  impregnation  takes  place,  the  division  stops 
at  the  second  stage, — ^that  is,  when  the  Eudorina  consists  of  thirty-two  cells  of 
the  largest  kind,  ^u^  of  which  is  about  l-1866th  of  an  inch  in  diameter 
within  its  ci^ale,  which  is  therefore  a  little  larger.  The  process  is  as  follows : — 

^'  At  a  certain  period  after  the  second  stage  has  become  ftdly  developed,  the 
contents  of  the  four  anterior  cells  respectively  present  lines  of  duplicative  sub- 
division which  radiate  from  a  point  in  the  posterior  part  of  the  cell  (and  this 
distinguishes  this  subdivision  from  that  which  took  place  in  the  original  cell 
frtnn  which  the  Eudorina  was  derived,  and  that  which  takes  place  in  the  third 
or  last  stage  of  development  just  described,  where  the  lines  of  fissiparation 
tend  towards  the  centre  of  the  ellipse  or  ovoid  cell).  These  lines,  which  ulti- 
mately divide  the  green  contents  of  the  ceU  into  sixty-four  portions,  where 
the  division  stops,  necessarily  entail  (from  their  radiating  from,  a  point  and 
terminating  a  little  beyond  ^e  centre  of  the  cell)  a  pyriform  shape  on  the 
s^ments,  from  whose  extremities  a  mass  of  cilia  may  be  observed  waving  in 
the  anterior  part  of  the  cell  of  the  parent,  while  yet  her  own  pair  of  cilia  are 
in  active  motion,  and  her  eye-spot  still  exists  in  situ  on  one  side  of  her  pro- 
geny,— ^thus  showing  that  the  latter  may  be  almost  fully  formed  before  the 
parent  perishes.  At  length,  however,  this  takes  place,  and  the  progeny,  which 
we  shall  henceforth  call '  spermatozoids,'  separate  from  each  other,  and  finding 
an  exit,  probably  by  rupture,  through  the  effete  parent-cell  and  her  capsule, 
soon  become  dispersed  throughout  the  space  between  the  two  large  ovoid  cells 
mentioned,  where  they  thus  freely  come  into  contact  with  the  capsules  of  the 
twenty-eight  remaining  or  female  cells.  , 

"  liie  form  of  the  spermatozoid  now  varies  at  every  instant,  from  the  activity 
of  its  movements  and  the  almost  semifluid  state  of  its  plasma ;  and  therefore, 
if  we  had  not  seen  it  in  the  parent-cell,  it  would  be  very  difficult  to  define 
what  this  form  really  is.  Its  changes  in  shape,  however,  are  confined  to 
elongation  and  contraction,  like  those  of  Euglena  viridis,  and  not  polymorphic 
like  those  of  Amceba;  hence  it  is  sometimes  linear-fdisiform  or  lunular,  at 
others  pyriform,  short,  or  elongate.  The  oentre  of  the  body  is  tinged  green 
by  the  presence  of  a  Httle  chlorophyll,  while  the  extremities  are  colourless  ; 
the  anterior  one  bears  a  pair  of  cilia,  and  there  is  an  eye-spot  a  little  in  front 
of  the  middle  of  the  body,  also  probably  a  nucleus.  Thus  we  have  a  product 
widely  different  from  the  common  cell  of  Eudorina.  It  is  about  l-2700th  of 
an  inch  long,  and  I -10,800th  of  an  inch  broad. 

'^  Once  in  the  space  mentioned,  the  spermatozoids  soon  find  their  way  among 
the  female  cells,  to  the  capsules  of  wluch  they  apply  themselves  most  vigor- 
ously and  pertinaciously,  flattening,  elongating,  and  changing  themselves  into 
various  forms  as  they  ^de  over  their  surfaces,  until  they  find  a  point  of  in- 
gress, when  they  appear  to  slip  in,  and,  coming  in  contact  with  the  female 
cell,  to  sink  into  her  substance  as  by  amalgamation.  I  say  *  appear,'  because, 
the  female  cells  as  well  as  the  spermatozoids  being  so  smaQ,  so  numerous,  and 
BO  nearly  grouped  together,  and  there  being  no  point  like  a  micropyle  that  I 
could  discover,  and  the  Eudorina  continually  undergoing  more  or  less  rotation, 
I  do  not  feel  so  certam  of  having  seen  the  act  of  union  take  place  as  if  there 
had  been  only  a  female  cell  present  with  a  fixed  point  for  the  entrance  of  the 
spermatozoids,  as  in  the  resting-spore  of  (Edogoniwm.  But  the  act  itself  does 
not  require  to  be  seen ;  for  the  constancy  of  this  form  of  Eudorina,  the  way 
in  which  these  littie  bodies  are  produced,  their  plastic  nature,  and  their  be- 
haviour towards  the  female  cells  are  quite  sufficient  to  convince  those  who 
have  given  their  attention  practically  to  such  subjects  that  they  are  spermato- 
zoids, and  that  there  can  be  no  other  object  in  their  congregating  about  the 
female  cells  than  impregnation.     If  this  be  not  sufficient,  their  number  may 
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frequently  be  seen  to  diminish  as  they  pass  backward  among  the  feihale  cells, 
when  their  disappearance  can  only  be  accounted  for  by  their  having  become 
incorporated  witii  the  green  cells.  Eudorvna  in  this  stage  also  may  frequently 
be  seen  with  all  the  four  anterior  cells  absent,  and  only  a  £bw  spermatozoidB 
left,  most  of  which  are  motionless  and  adherent  to  the  capsules, — vindicating 
that  the  rest  have  disappeared  in  the  way  mentioned.  Lastly,  many  EudarituB 
in  this  stage  may  be  observed  with  not  only  the  four  anterior  cells  absent,  but 
with  hardly  a  single  spermatozoid  left, — vindicating  that  the  whole  had  passed 
into  the  female  cells,  or  had  become  expended  in  the  process  of  impregnaticm. 
I  have  never  seen  any  spermatozoids  in  the  central  or  axial  cavity,  nor  do  I 
think  that  there  is  a  means  of  their  escaping  externally  without  rupture ;  so 
that  their  being  confined  to  the  space  between  the  two  ovoid  ceUs  of  the  j^k- 
dorina,  where  the  green  cells  are  situated,  is  another  reason,  if  any  more  be 
needed,  for  considering  them  fecundating  agents. 

<'  What  changes  take  place  in  the  Eudorina  after  this,  I  have  not  been  able 
to  discover.  At  the  time,  the  female  cells  appear  to  become  more  opake  by 
the  incorporation  of  the  spermatozoids ;  and  the  crcnulated  state  of  the  poste- 
rior part  of  the  envelope  in  this  stage  seems  also  to  indicate  an  approach  to 
disintegration.  I  have  also  observed  that  those  Eudorinas  which  are  under- 
going, or  apparently  have  undergone  impregnation,  are  less  active  than  the 
rest, — ^that  is,  those  in  which  the  spermatozoids  are  scattered  throughout  the 
interspace  mentioned  and  applying  themselves  to  the  capsules  of  the  green 
cells,  and  those  in  which  there  are  only  a  few  spermatozoids  left.  But  even 
if  they  did  become  disintegrated,  the  latter,  when  free,  would  so  closely  re- 
semble those  of  Cfdamydoeoecus,  which  was  also  abundantly  present,  that  un- 
less the  Eudorina  coidd  be  found  undergoing  impregnation  by  itself,  or  apart 
from  this  organism,  there  appears  to  me  no  chance  of  distinguishing  the  two, 
and  therefore  no  other  means  of  completing  this  part  of  its  history.  It  is 
true  that  the  impregnated  cells  may  undergo  some  change  in  form  similar  to 
those  of  Vohox  glohator  after  impregnation ;  but  I  think  I  should  have  seen  this 
among  the  numbers  which  came  under  my  observation,  if  it  had  been  the  case. 

"  While  undergoing  impregnation,  the  female  celk  always  contain  from 
two  to  four  nuclei,  as  if  preparatory  to  the  third  stage  of  development,  into 
which  they  are  sometimes  actually  seen  passing,  with  the  spermatozoids  pre- 
sent and  scattered  among  them ;  but  the  effect  of  impregnation  generally 
seems  to  arrest  this  stage,  and  thus  save  the  species  from  that  minute  divi- 
sion which  leads  to  the  destructive  termination  of  Eudorina  already  noticed. 

^^  Sometimes  all  the  cells  together  undergo  the  spennatoid  fissuration,  when 
the  Eudorina  passes  into  Pandorina  Morum,  Ehr. ;  but  in  this  case  the  de- 
velopment does  not  stop  at  the  pyriform  spermatozoids,  but  goes  on  to  the 
development  of  thirty-two  larger  globular  cells  in  each  group,  similar  to 
those  produced  in  the  third  stage  <^  Eudorina  above  described,  wh^i  they 
assume  respectively  a  dome-shaped  form,  held  together  by  a  membrane  which 
is  fixed  to  the  point  in  the  posterior  extremity  of  the  cell  from  which  the 
lines  of  fissiparation  first  radiated.  As  the  groupSs,  however,  progress  in  de- 
velopment, this  dome  appears  to  become  flatter,  and,  the  Eudorina  breaking 
up,  as  in  the  third  stage,  these  groups,  when  liberated,  finally  appear  to  pass 
into  the  form  of  Qonium,  when  I  think  they  perish  like  the  corresponding 
groups  of  the  third  stage.  I  did  not  observe  this  development  (in  which  may 
be  included  some  abnormal  states,  where  only  one  or  two  of  the  spermatic 
cells  fiuly  and  one  or  more  of  the  female  cells  take  on  this  mode  of  fissiparation 
irregularly)  until  the  normal  one  of  impregnation  ceased  to  appear.  Ehren- 
berg  was  wrong  in  giving  the  cells  of  Pandorina  and  Eudorina  single  cilia,  as 
4ia8  before  been  stated,  and  partly  wrong  in  leaving  out  the  eye-spot,  both 
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of  which,  though  disappearing  ultimately,  indicate  the  continued  life  of  the 
parent-cell,  as  in  the  development  of  the  spermatozoids,  long  after  the  forma- 
tion of  her  progeny. 

''  Thus  the  process  of  impregnation  in  Eudorina  agrees  closely  with  that 
described  by  Dr.  F.  Oohn  in  Volvox  ghhator,  in  which  organism  I  had  seen 
some  of  the  oeUs  of  the  interior  undergoing  a  spermatoid  development  exactly 
like  that  above  described,  and  also  that  previously  figured  by  Mr.  Busk,  and 
alluded  to  by  him  as  one  of  '  microgonidia ; '  and  therefore  the  moment  I 
perceived  it  in  Eudorina,  in  connexion  with  Dr.  Cohn's  announcement,  I  felt 
convinced  that  the  latter  was  right,  and  that  I  had  before  me  Eudorina  also 
undergoing  a  similar  process  of  fecundation. 

^'  So  much  for  the  spermatoid  development ;  let  us  now  return  to  that  of 
the  Eudorina  in  totality,  concerning  which  there  is  still  an  interesting  ques- 
tion for  our  consideration,  bearing  on  the  early  development  of  this  organism, 
which  I  have  already  stated  my  inability  to  supply,  viz.  bow  does  the  sixteen- 
division  of  the  cell  in  the  third  stage  of  development  take  place,  so  as  to  allow 
the  cilia  to  become  external  ?  It  will  be  remembered  that  this  cell  in  the 
second  stage,  before  it  passes  into  the  sixteen-division  of  the  third  stage,  con- 
sists of  its  capsule  or  cell-wall  and  the  green  contents ;  and  it  should  also  be 
remembered  that,  although  these  contents  have  now  no  other  covering  distinct 
from  the  protoplasm  but  the  capsule,  yet  in  all  algal  cells,  whenever  the  green 
contents  take  on  a  new  form,  such  as  tbat  of  a  spore  or  group  of  cells,  a  second 
more  delicate  covering  is  separated  from  them,  for  which  I  have  heretofore 
used  the  term '  protoplasmic  sac  ; '  these  two  coverings,  then,  are  the  parental 
division  of  the  mass,  and  become  caducous  as  the  rest  takes  on  its  new  form 
and  developes  on  its  surface  a  cell-wall.  Thus  we  get  the  sixteen  cells  sepa- 
rated from  their  capsule,  &c.,  and  surrounded  by  their  proper  cell-wall  and 
tiie  external  envelope,  which  may  be  a  still  further  thickening  of  the  former, 
or  a  new  secretion ;  but,  be  this  as  it  may,  the  cilia  are  seen  outside  it.  And 
at  first  it  might  be  thought  that  they  were  formed  before  either  the  cell- wall 
or  envelope,  so  as  never  to  have  been  ^iclosed  by  either ;  but  if  this  were  the 
ease,  the  cilia  of  the  sixteen  cells,  which  are  added  by  duplicative  division  to 
the  first  stage  of  Eudorina  to  form  the  second  stage,  should  be  inside  those 
coverings,  or  protrude  through  the  original  sixteen  channels  with  the  other 
sixteen  pairs  of  dlia.  However,  neither  is  the  case ;  for  these  sixteen  cells 
have  their  channels  respectively  as  well  as  the  other  sixteen  cells,  in  which 
case  they  must  have  been  made  by  the  sixteen  new  cells  themselves,  unless 
the  thirty-two-division  is  formed  before  the  pellicle  which  subeequentiy  forms 
the  cell-wall  is  supplied,  and  our  first  stage  does  not  pass  into  the  second 
stage,  but  both  forms  are  produced  at  once  and  separately  from  the  banning, 
— a  point  which  can  only  be  determined  by  following  ihe  development  of  the 
Eudorina  from  the  spore  itself,  and  that,  too,  alone,  since  it  is  impossible  to 
say  ijrfiether  the  sixteen-division  groups,  when  previously  mixed  up  with  all 
the  other  forms  of  Eudorina,  are  or  are  not  derived  direct  from  the  spore,  or 
from  the  third  stage  of  development  of  this  organism.  That  the  sixteen-divi- 
sion or  second  stage  may  pass  direct  into  a  similar  form  to  the  third — ^that  is, 
into  a  form  of  Eudorina  consisting  of  sixteen  groups  of  sixteen  cells  each — I 
have  occasionally  seen  ;  but  then  this  form  has  been  globular  (only  ^^^ths 
of  an  inch  in  diameter),  and  not  ovoid,  although  the  groups  have  possessed 
the  latter  form :  perhaps  this  is  the  spore,  and  the  sixteen  groups  the  young 
EudorincB,  if  not  a  different  species.  Again,  the  robust  individuals  of  the 
sixteen-division  one  would  think  to  be  direct  from  the  spore,  and  to  pass  into 
the  robust  individuals  of  the  second  stage  or  thirty-two-division, — ^while  the 
puny,  meagre  individuals  one  would  think  to  come  from  the  third  stage,  and, 
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«8  before  oonjectored,  end  in  disint^ration  and  death.  But  all  this,  as  I  have 
just  stated,  can  only  be  detennined  by  following  the  development  of  the  spore 
fiK)m  the  commencement.  One  fact  I  might  add,  however,  viz.  that  the  robust 
forms  of  good  size  have  the  power  of  withdrawing  their  cilia  and  protmding 
them  again ;  this  happens  when  they  are  transferred,  firom  the  vessel  in  whi(£ 
they  may  be  contained,  to  the  slide  for  examination :  many  may  just  at  this 
time  be  seen  to  be  motionless,  with  the  channels  for  the  cilia  empty ;  but 
gradually  the  cilia  are  protruded  through  them,  and  as  gradually  the  Eudo^ 
rina  evinces  increasing  power  of  motion,  until  they  are  fully  protruded,  and 
it  swims  away. 

**  Chlamydococcm  undergoes  the  same  kind  of  changes  in  development  as 
Eudorina,  from  which  it  only  differs  in  structure  in  bemg  smaller,  and  glo- 
bular instead  of  ovoid,  in  the  absence  of  an  external  envelope,  and  in  the  cilia 
jof  the  daughter-cells  being  included  within  the  parent-cell ;  hence  it  also 
differs  in  being  motionless,  though  the  compartments  of  the  daughter-odls 
are  sufficiently  large  for  them  to  turn  round  and  move  their  dlia  fineely* 
therein,  which  they  are  continually  doing.  The  primary  cell  of  Chlamydo^ 
coccu8,]Jke  that  of  Eudorina,  divides  up  into  2,  4,  8,  or  16  cells,  and  those  of 
the  eight-  and  sixteen-divisions  again  into  groups  of  16  or  32  each,  so  as  to 
resemble  the  third  stage  of  Eudorina.  Hence  we  may  perhaps  infer  that  its 
fecundating  process  is  similar  to  that  of  Eudorina ;  but  this  remains  to  be 
discovered.  Ohlamydococcus  has  also  a  great  tendency  to  stop  at  the  two- 
and  four-division,  fix)m  which  it  may  pass  into  the  '  still '  or  Protococcus-form^ 
and,  floating  on  the  water  in  a  kind  of  crust,  present  cells  of  all  kinds  of  sizes 
undergoing  '  still '  division.  In  all  its  multiplications,  partial  and  ^itire, 
however,  it  generally  maintains  its  primary  or  spherical  form,  and  does  not 
become  ovoid  or  ol^ong,  like  the  groups  of  Eudorina,  tiie  only  exceptions 
being  in  the  two-  and  four-division,  where  the  green  cells  are  sometimes 
ovate  (probably  from  want  of  room  in  the  parent  capsule),  as  represented  by 
Ehrenberg  in  C,  Pulvisculus, — ^to  which  I  should  refer  it,  had  he  not  also 
given  an  ovate  form  to  the  type-cell  of  this  species ;  nor  can  I  refer  it  to  C. 
pluvialis,  for  in  all  the  changes  I  have  yet  seen  it  undeigo,  the  red  colour  has 
not  increased  beyond  the  minute  eye-spot,  while  this  also  disappears,  and  the 
dHa  too,  when  tiiis  species  passes  into  the  '  still '  form.  Here  it  undergoes 
the  same  kind  of  division  that  it  does  in  the  active  state ;  but  the  panmt- 
cell,  instead  of  becoming  distended  by  imbibition,  remains  closely  attached  to 
the  daughter-cells,  so  as  to  give  the  group  a  mulberry  shape.  How  long  it 
remains  in  the  *  still '  form  I  am  ignorant ;  but  having  oidy  seen  it  in  the 
active  state  during  the  months  of  May,  June,  and  August,  and  throughout  the 
rest  of  the  year  in  the  '  still '  one,  I  am  inclined  to  think  that  it  only  ocnnee 
into  the  active  state  during  the  summer  months,  and  then  for  the  purpose  of 
fecundation. 

'<  In  several  instances,  also,  where  I  have  found  this  Chlamydocoecus  with 
Eudorina,  they  have  been  accompanied  by  long  Closteriform  cells.  It  was 
the  case  in  that  above  mentioned,  where  tiie  latter  was  undeigoing  impr^- 
nation.  Some  of  these  have  an  eye-spot,  which,  with  the  nature,  arrange- 
ment, and  general  aspect  of  their  internal  contents,  show  that  they  belong  to 
the  class  of  organisms  with  which  they  are  associated.  Their  cell- wall  also 
is  more  or  less  plastic,  or  was  so  when  they  were  assuming  this  spicular  form ; 
for  many  have  one  or  more  diverticula  extending  from  them,  some  are  bifid, 
and  a  few  irregularly  stellate.  What  they  are  I  know  not ;  but  Dr.  Cohn 
has  figured  the  same  kind  of  cells,  in  company  with  Sphceroplea  annuUna, 
imder  impregnation." 

StephanospJujera,^— To  Dr.  Ferdinand  Cohn,  to  whom  science  is  so  deeply 
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indebted  for  his  researches  among  the  simplest  oi^ganisms  of  creation,  additional 
thanks  are  due  for  the  elaborate  essay  on  a  new  genus  of  Volvocineas,  in 
which  he  has  most  philosophically  displayed  the  structure  and  relations  of 
Uiat  family  at  large.  The  new  genus  is  named  by  him  Stephanosphoeray  the 
stmctoral  and  phjsiolc^cal  characters  of  which  have  been  presented  to  the  » 
English  reader  by  an  excellent  translation  of  Cohn's  original  paper,  in  the 
A,  N,  H,  1852,  X.  p.  321  et  seq.  Besides  this  account  of  SUphanospJuera 
by  its  discoverer,  none  other  exists ;  we  must  accordingly  make  extensive  use 
of  it  in  attempting  an  abridged  description,-^a  difficult  task  on  account  of  the 
importance  of  almost  every  paragraph  it  contains. 

The  organisms  to  be  described  <<  exhibit  an  extraordinary  variety  of  size  and 
shape,"  writes  Cohn ;  ''  but  they  are  all  essentially  of  similar  structure,  and 
consist  of  eight  green  spherical  eorpueclee  having  their  central  points  situated  at 
the  etrcwmference  of  a  circle  (XIX.  38),  and  of  a  large  common  envelope,  en- 
dosing  the  former  as  a  colourless  vesicle,  at  the  e^pnaior  of  which  are  ranged 
the  send  eight  green  glohuUs  (XIX.  40-58). 

''  The  common  envelope  is  bounded  by  a  membrane  wholly  devoid  of  struc- 
ture and  transparent,  so  that  it  may  be  overlooked  if  the  illumination  be  not 
properly  modified,  under  which  circumstances  the  8  green  globules  appear 
destitute  of  any  common  bond  of  union.  But  the  membrane  of  the  envdope 
always  exists ;  and  although  very  delicate  and  thin  while  yotmg  (XIX.  57-58), 
it  becomes  thickened  with  age,  and  then  possesses  an  evident  breadth,  albeit 
no  compound  structure  can  be  detected.  The  membrane  of  the  envelope  is  ah- 
sohudy  rigid,  and  never  changes  its  shape,  excepting  through  the  ordinary 
expansion  of  growth  ;  therefore  it  is  not  only  totally  devoid  of  contractility, 
but  is  even  elastic  only  in  a  slight  degree. 

'<  In  whatever  direction  the  total  organism  may  lie  during  its  movements, 
the  envelope  always  appears  as  a  perfect,  absolutely  regular  circle  (XIX.  38, 
39) ;  thence  it  results  most  dedd^y  that  the  membrane  of  the  envelope  forms 
a  sphere  which  may  perhaps  deviate  but  very  little  firom  the  mathematical 
ideal.  The  diameter  of  the  envelope  varies  between  tolerably  wide  limits : 
while  some  younger  forms  possess  an  envelope  -^th  of  a  line  (0*028  mm.)  in 
diameter,  most  attain  one  of  ^th  (0-044  mm.),  and  the  largest  are  as  much 
as  -X^  of  a  line  (0*055  mm.)  in  diameter. 

''The  phsenomena  in  dissolution  and  during  propagation  prove  that  the 
membrane  of  the  envelope  immediately  surrounds  a  colourless  watery  fluid, 
the  refractive  power  of  which  does  not  differ  from  that  of  water.  The  enve- 
lope may  therefore  be  regarded  as  a  broad  spherical  eeU  with  a  delicate  struc- 
toreless  membrane,  colourless  and  transparent  like  glass,  containing  a  thin, 
water-like,  colourless  fluid ;  consequently  I  shall  denominate  it  the  envelope- 
edL  {HUa^zeUe). 

"  While  the  envelope-cell  varies,  generally  speaking,  only  in  size,  and  no 
difference  whatever  of  shape  and  structure  can  be  detected  in  the  different 
individuals,  the  variaticms  in  the  develojmient  of  the  eight  green  globes  in  its 
interior  are  very  great.  In  fact  it  is  difficult  to  represent  the  midtiplicity  of 
forms  which  here  display  themselves,  so  as  to  give  a  frill  and  dear  idea 
of  than;  and  our  figures  even  can  afford  but  a  very  insufficient  picture, 
since  scarcely  a  single  individual  exactly  resembles  another  in  this  respect. 
The  eight  green  bodies  in  the  interior  of  each  envelope-cell,  which,  for  reasons 
to  be  given  hereafter,  I  shall  call  primordial  cells,  are  in  their  simplest 
condition  globular,  and  stand  at  equal  distances  in  a  circle  at  the  largest 
circumferenoe  of  the  envelope-ceU,  so  that  the  whole  structure  looks  like  a 
hollow  glass  globe  with  a  ring  formed  of  eight  gzeen  globules  in  its  interior 
(XIX.  38).     K  the  circular  ^e  in  which  the  centres  of  the  eight  primordial 
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cells  stand,  is  regarded  as  the  equator  of  the  enveHope-cell,  we  ordmaiilj 
find  their  position  such  that  the  equatorial  zone  lies  parallel  with  the  plane 
of  the  object-glass,  and  the  observer  consequently  looks  down  upon  the  pole 
of  the  envelope-cdl.  In  this,  the  polar  view,  the  eight  primordial  oelU 
,  stand  in  a  perfect  circle  and  are  placed  very  close  to  the  circamference  of  the 
envelope-cell.  The  distances  between  the  primordial  cells  are  mOTe  or  less 
considerable  according  as  they  are  proportionately  larger  or  smaller ;  8(»ne- 
times  they  constitute  an  elegant  wreath  composed  of  eight  laige  gre^i  rosettes, 
almost  without  any  intervals  between  them,  or  resemble  an  interrupted  eight- 
angled  star ;  sometimes  the  green  globules  are  so  &r  apart  as  to  look  like  the 
eight  spokes  of  a  wheel.  The  diameter  of  a  primordial  cell  in  the  polar  view 
amounts  in  the  former  case  to  y^th  of  a  line  (0*012  mm.),  in  tlie  latter  to 
-y^th  (0-0065),— on  an  average  to  ^th  of  a  line  (0-0087  mm.). 

"  When,  however,  the  whole  revolves,  so  that  the  axis  passing  through  the 
two  poles  of  the  envclope-coU  lies  parallel  with  the  stage  of  the  micaxMcope, 
and  the  equatorial  zone  marked  by  the  eight  green  primordial  cells  stands 
perpendicular  to  the  latter,  consequently  in  the  optic  axis  of  the  microecope, 
the  envelope-ceU  still  looks  like  a  circle,  because  it  is  a  sphere ;  but  the  eight 
primordial  cells,  lying  in  one  plane,  are  then  projected  in  a  line  which  corre- 
sponds to  the  diameter  of  this  circle,  so  that  the  whole  resembles,  under  the 
microscope,  a  colourless  disk  cut  in  half  by  a  green  zone  (XIX.  40-58).  And 
in  this,  the  equatorial  view,  according  to  the  position,  the  four  primordial 
cells  in  the  anterior  hemisphere  sometimes  completely  cover  the  four  behind, 
so  that  only  fi>ur  are  seen  altogether ;  sometimes  the  latter  appear  througli 
the  interspaces  between  the  former,  and  all  eight  are  seen  in  one  line,  T^is 
view  also,  of  course,  gives  very  different  pictures  according  to  the  size  of  the 
primordial  ceUs  and  the  distance  between  them. 

**  Between  the  polar  and  equatorial  views  lie  countless  intermediate  posi- 
tions in  which  the  ring  of  primordial  cells,  more  or  less  contracted,  appears 
as  an  ellipse,  with  its  longest  axis  constantly  in  the  diameter  of  the  envdope- 
cell,  while  the  shorter  axis  appears  longer  or  shorter,  and  the  separate  pri- 
mordial cells  are  approached  more  or  less  towards  each  other,  according  to  the 
laws  of  projection. 

"  Besides  this  difference  of  the  aspect  which  one  cmd  the  same  individual 
affords  merely  in  consequence  of  the  different  positions  resulting  from  its 
movements,  a  still  greater  variation  is  displayed  in  the  sTuipe  of  the  green 
primordial  cells  themselves,  1  have  called  them  globes  above ;  properly  they 
are  always  acuminated  to  some  extent,  in  the  form  of  a  pear,  toward  ^e 
periphery  of  the  envelope-cell ;  and  they  are  imperceptibly  attenuated  to  a 
point  here,  from  which  two  cilia  pass  out  (XIX.  38).  These  cUia  therefore 
arise  from  the  primordial  cells  inside  the  envelope-cell,  and  they  emerge  finely 
into  the  water  through  minute  orifices  in  the  latter :  from  the  analogy  with 
Chlamydococcus,  1  conjecture  that  there  is  a  separate  passage  for  each  cilium, 
80  that  the  orifices  corresponding  in  each  case  to  the  primordial  ceUs  arc 
placed  in  pairs,  and  all  sixteen  onfiees  occur  in  the  equator  of  the  envelcpe- 
cell.  Hence  in  the  polar  view  the  eight  pairs  of  cilia  go  out  from  the  circum- 
ference of  the  envelope-cell  like  elongat^  rays. 

"  The  primordial  cells  moreover  eocpand  principally  in  the  direction  of  the 
a^  perpendicular  to  the  equatorial  plane,  so  that  in  the  equatorial  view  they 
appear  not  spherical,  but  rather  elliptic^,  or  even  sometimes  stretched  so 
considerably  in  this  direction,  that  they  become  cylindrical  or  almost  spindle- 
shaped,  witiiout  undergoing  any  remarkable  enlargement  on  the  other  axis. 
If  in  this  case  the  primordial  ceUs  are  large  and  near  together,  they  form 
in  the  equatorial  view  a  broad  green  zone  inside  the  colourless  envelope- 
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eell,  fining  up  a  more  or  less  conaiderable  portion  of  this  (XTX.  89),  while  in 
the  polar  view  they  form  only  a  circular  wreath.  In  some  instances  the 
proper  green  body  of  the  primordial  cells  is  only  shortly  cylindrical ;  but  it 
becomes  elongated  at  both  ends  into  long  beaks  which  reach  almost  to  the 
poles,  and  give  each  primordial  cell  someti^g  of  the  shape  of  the  Closterium 
setaee¥m  figured  by  Ehrenberg.  In  this  case  the  whole  resembles  a  sphere 
surrounded  by  eight  green  bands  placed  in  meridians  and  swollen  only  in  the 
equatorial  region.  But  even  in  this  veiy  frequently  occurring  preponderating 
development  of  the  one  dimension,  the  cilia  of  each  primordial  cell  are  sent 
out  from  the  middle  of  its  shorter  axis ;  and  when  the  primordial  cells  i^ipear 
projected  in  a  zone,  in  the  equatorial  view,  the  motile  ciUa  are  visible  only  at 
four  points  of  the  diameter. 

**  The  primordial  cells  are  very  frequently  developed  unequally  in  the  two 
hemispheres  of  the  envelope-cell ;  they  are  not  then  divided  into  two  equal 
halves  by  the  equator  of  the  envelope-cell,  but  show  themselves  crowded 
principally  into  one  hemisphere,  which  they  almost  fiU ;  and  they  reach  almost 
to  the  pole  there,  while  they  occupy  but  a  far  smaller  portion  of  the  other, 
which  consequently  appears  in  greater  part  colourless.  In  such  a  case  the 
primordial  cells  almost  touch  with  one  end,  while  they  diverge  widely  at  the 
other,  and  thus  they  look  like  a  kind  of  basket  composed  of  eight  pieces,  like 
the  gaping  dental  apparatus  of  a  Chilodon. 

*'  Besides  the  two  ciHa  which  pass  out  from  each  primordial  cell,  throu^ 
the  orifices  of  the  envelope-cell  into  the  water,  the  former  veiy  frequenUy 
send  out  other  prolongations,  which  however  do  not  perforate  the  envebpe- 
eelL  These  are  colourless  vnueilaginous  filaments,  going  out  from  each  pri" 
mordial  eeU,  e^edaUy  from  the  ends  of  their  longer  axis,  and  which  hence 
present  themselves  especially  clearly  in  the  equatorial  view.  The  ends  of  the 
primordial  cells  are  mostly  not  green  but  colourless,  and  elongated  into  numer- 
ous, likewise  colouriess,  broader  or  thinner  bristle-li^e  processes,  which  run  out 
like  rays  in  all  directions,  are  often  ramified,  and  are  attached  to  the  inside  of 
the  envelope-cell,  without  however  perforating  it  (XIX.  39).  If  these  fila- 
ments are  much  developed,  they  form  a  proper  network,  which  maintains  each 
primordial  cell  floating  in  the  common  envdope.  The  extremities  of  the  pri- 
mordial cells  are  also  frequently  divided  dichotomously  into  colourless  muci- 
laginous bands,  which  again  branch  into  radiating  filaments  and  thus  produce 
the  most  wonderM  forms.  These  colourless  filiform  prolongations  of  the 
primordial  cells  may  also  be  seen  in  the  polar  view,  stretching  in  all  direc- 
tions, and  giving  the  total  structure  a  most  strange  aspect,  almost  similar  to 
that  of  a  Xanthidium. 

**  In  the  internal  organization  of  the  primordial  ceUs,  all  that  can  be  made 
out  is  a  green-coloured  softish  substance,  of  which  they  are  composed,  and  in 
which  numerous  delicate  granules  or  points  are  imbedded.  When  the  pri- 
mordial cells  are  actively  vegetating,  tiiey  are  of  a  transparent  vivid  green ; 
but  the  colour  exhibits  various  tints :  m  the  youngest  conditions  it  is  purer, 
more  yellowish  green,  less  obscured  by  dark  points ;  in  the  laigest  forms,  on 
the  contrary,  the  contents  appear  brownish  green  and  opake,  with  the  dark 
granules  multiplied  to  such  an  extent,  that  the  whole  almost  loses  its  transpa- 
rency. In  the  middle  of  the  primordiial  cells  are  found  two  larger,  wucleusAike 
vesides^  mostly  symmetrically  placed ;  and  these  examined  separately  appear 
annular,  so  that  they  possess  an  interned  cavity ;  iodine  colours  them  remarkably 
dark,  with  a  violet  tinge  (XIX.  39).  The  centre  of  each  primordial  cell  is 
frequently  occupied  by  a  lighter  circular  space,  which  however  does  not  vanish 
penodicaUy,  and  ther^ore  cannot  be  regarded  as  a  contractile  vesicle  (XIX.  38). 

**  The  primordial  cells  are  not  surrounded  hy  any  special  rigid  membrane ; 
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and  this  is  not  only  made  eyident  by  the  multifold  changes  of  form  which  tfaey 
undergo  in  the  course  of  vegetation,  and  by  the  filiform  prolongations  and 
lamifications  which  are  produced  directly  from  their  substance,  but  is  daaxly 
shown  by  the  transformations  which  the  primordial  cells  pass  through  in  coa- 
sequence  of  external  influences.  Under  certain  circumstances,  namely,  the 
filiform  processes  may  be  retracted,  being  torn  away  from  the  envelope-e^ 
and  taken  up  into  the  substance  of  the  primordial  cells ;  the  produced  ends 
of  the  primordial  cells  also  disappear,  the  latter  becoming  rounded  off  into 
their  original  spherical  or  short-cylindrical  form.  Such  a  change  would  be 
impossible  if  the  primordial  cells  were  surrounded  by  a  rigid  membrane,  sach 
as  that  of  the  envelope-ceU  for  example.  Still  more  rapid  and  decided  are  the 
metamorphoses  which  the  primordial  cells  undergo  in  the  interior  of  the 
envelope-cell,  through  influences  destructive  to  tiie  life  of  the  organism. 
These  phsenomena,  usually  called  dissolution,  do  not  change  the  rigid  eaye" 
lope-cell  at  all ;  but  they  totally  decompose  the  primordial  cells,  depriving 
them  of  their  form  and  dissolving  them  into  a  single  structureless  green  mass, 
which  lies  upon  the  inside  of  the  envelope-cell,  frequently  destroying  all  evi- 
dence of  the  origin  from  eight  spheres,  while  not  a  trace  of  specif  enveloping 
membranes  comes  to  light.  These  phsenomena  of  dissolution  moreover  indicate 
that  the  envelope-cell,  as  I  have  already  m^itioned,  is  composed  of  a  deJitaU 
membrane  enclosing  a  elsar  watery  jUdd,  which  cannot  be  dense,  gelatinous,  or 
mucilaginous,  since  it  is  readily  displaced  by  the  radiating  filaments  and  tiie 
dissolved  substance,  and  which  therefore  is  very  similar  to  pure  water,  if  not 
exactly  the  same. 

"  Motion. — ^The  cUia  which  are  protruded  from  the  equator  of  the  envelope- 
cell  are  but  short  inside  this ;  but  the  portion  projecting  into  the  water  is  much 
longer  and  vibrates  actively,  thereby  causing  all  the  movements.  During 
their  vibration  the  cilia  are  difficult  to  detect ;  but  when  dried  on  glass,  and 
stiU  better  by  wetting  them  with  iodine,  they  may  readily  be  traced  in  their 
whole  length,  especially  if  sulphuric  add  is  added,  this  rendering  them  more 
distinct  and  giving  them  a  darker  colour.  The  motion  of  the  entire  organism, 
depending  on  the  eight  pairs  of  cilia,  exactly  resembles  that  well  known  in 
the  Algse  and  many  Infrisoria.  First  there  is  a  rapid  revolution  round  that 
axis  of  the  envelope- cell  which  passes  through  its  poles  and  stands  perpen- 
dicular to  the  ring  of  primordial  cells,  so  that  the  envelope-cell  rotates  like  a 
wheel  upon  its  lale.  In  the  polar  view  (XIX.  38),  our  form  gives  exactly 
the  impression  of  a  revolving  wheel,  while  in  the  equatorial  view  (XOL  39), 
where  the  primordial  cells  are  mostly  elongated,  it  has  more  the  aspect  of  a 
globe  turning  upon  its  axis.  Besides  this  revolution  on  its  axis,  which  endures 
throughout  the  whole  life,  there  is  an  advancing  movement,  which  produces 
a  very  irr^ular  course ;  in  this  way  these  organisms  screw  themselves,  as  it 
were,  onwturds  in  the  water.  Sometimes  they  swim  straight  out  with  uniform 
rapidity,  the  pole  going  first,  the  rotating  ring  of  primordial  cells  standing  at 
right  angles  to  the  course  and  appearing  only  in  one  line ;  sometimes  &ey 
turn  round,  so  that  the  equatoriid  plane  presents  itself  as  a  circle  again  (in 
the  polar  view) :  they  rotate  thus  round  their  centre  without  moving  from 
the  spot ;  then  they  set  one  pole  forward  and  swim  on  in  another  direction, 
bend  to  the  right  or  to  the  left,  or  turn  quite  round,  mostly  without  any  per- 
ceptible obstruction,  move  in  curves  of  the  most  varied  kinds,  run  round  any 
point  in  spiral  lines,  come  into  different  planes,  sometimes  ascending,  some- 
times descending ;  in  short,  they  exhibit  all  those  most  complex  and  wonderful 
dhsenomena  of  locomotion  which  we  are  acquainted  with  in  the  moving  propaga- 
tive  cells  of  the  Algse, — and,  as  I  have  demonstrated  elsewhere,  in  exoMy  the 
same  way  in  the  Astomom  and  Anenterous  Infusoria  (Monadina,  Astasieea, 
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Cryptomonadina,  &c.),  and  which  certamly  do  not  bear  at  all  the  character  of 
paipoemg,  conscious  volition,  but  appear  as  an  activity  determined  not  indeed 
by  purely  external  causes,  but  by  internal  causes  in  the  organization  and  vital 
process.  The  collective  idea  of  such  motions  is  best  reprenented  by  the  course 
described  by  a  top  which  runs  through  the  most  varied  curves  while  at  the 
same  time  constantly  revolving  on  its  axis. 

'<  Although  Alex.  Braun  describes  a  constant  revolution  to  the  left  in  the 
in  many  respects  analc^us  swarming-cells  of  Chlamydococcus  and  the  swarm* 
ing-sporcs  of  (Edoganium,  and  to  the  right  in  the  moving  gonidia  of  Vctucheria 
and  the  families  of  Pancbrinay  1  must  assert  that  no  such  constant  law  of  n^ 
volution  exists  in  the  structure  here  described. 

^^  Asto  its  systematic  position, — It  is  evident  that  the  organism  we  have 
described  belongs  to  the  family  of  the  Volvodnece.  For  not  oidy  do  we  find  in 
it  the  two  principal  characters  which  are  characteristic  of  this  interestiDg 
family — the  presence  of  a  number  of  green  globes  which,  enclosed  in  a 
common  colourless  envelope,  represent  a  family  of  cells  (polypidom),  together 
with  the  constant  rolling  motion  which  the  Volvodnece  possess  through 
almost  the  whole  of  their  life, — but  our  form  also  displays,  as  we  shall  see 
hereafter,  the  third  character  of  the  Volvodnea,  that  the  separate  globes  propa- 
gate within  the  envelope.  In  fact,  there  exist  the  greatest  analogies  between 
ihe  known  genera  of  Volvocine<B,  especiaUy  Gonium  and  Pandorina,  and  the 
organism  here  described ;  and  these  genera  are  only  essentially  distinguished 
by  the  arrangement  of  the  green  globes  or  primordial  cells,  which  in  Pando^ 
rina  are  placed  on  a  spherical  surface,  in  Oonivm  on  a  flat  plane,  while  in 
ofur  form  they  stand  at  the  circumference  of  a  circle.  Since,  however,  this 
very  law  of  arrangement  is,  in  the  family  of  the  Volvocineai,  the  most  im- 
portant criterion  on  which  the  establishment  of  the  genera  depends,  it  follows 
that  we  here  have  a  peculiar  genus  which  I  do  not  find  described  either  in 
Ehrenberg's  great  work  or  in  any  later  publication. 

**  K  we  now  compare  the  conditions  of  organization  of  StephanosphoBra 
with  those  of  Chlamydococcus,  we  find  the  most  essential  agreement.  In  the 
first  place  the  envelope-cell  of  Stephanosphcera  corresponds  exactly  to  that  of 
the  moving  macrogonidia  of  CJUamydococcus ;  it  is  composed  of  a  delicate 
colourless  membrane  and  contents  resembling  water.  Chemical  actions  to 
which  I  subjected  the  envelope- cell  of  Stephanosphcera,  bear  witness  of  this 
agreement  in  the  most  minute  particulars.  The  envelope-cell  is  indifferent 
to  adds  and  alkalies  and  is  not  dissolved  in  them ;  but  it  suffers  a  peculiar 
thickening  by  sulphuric  add,  which  causes  it  to  apply  itself  more  dosely  to 
the  primordial  cell,  and  present  itself  very  distinctly  and  clearly  defined.  In 
gen^^  the  application  of  diUUe  sulphuric  add  is  often  the  best  means  of 
making  dear  delicate  vegetable  membranes  which  would  otherwise  be  readily 
overlooked,  especially  when  iodine  is  added,  which  then  ordinarily  colours  the 
membrane  yellow.  The  dlia  also  are  rendered  more  distinct  by  sulphuric 
add.  The  envdope-ceUs  of  Pandorina^  Chlamydococcus,  and  Volvox  behave 
in  exactly  the  same  way. 

"  With  regard  to  the  chemical  composition  of  the  envdope-cdl  of  Stepha- 
nosphoeray  I  have  succeeded  in  demonstrating  the  tharacteristic  reaction  of 
vegetable  cellulose,  the  blue  colouring  by  iodine  and  sulphuric  add,  in  the  enve- 
lope-ceU  of  Stephanosphcera.  For  this  purpose  it  is  requisite  to  allow  a  drop 
oi pretty  concentrated  sulphuric  add  to  act  upon  the  swarming  Stephanosphcera^ 
globes  until  the  green  primordial  cells  in  the  interior  are  decomposed, — ^by 
which  time  the  proper  transformation  of  the  envelope-membrane  has  taken 
place,  and  a  drop  of  solution  of  iodine  (iodine  in  iodide  of  potasdum),  suffi- 
ciently diluted  to  prevent  the  sulphuric  acid  predpitating  it  in  crystals,  then 
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produces  a  cQloration  of  the  envelope,  which  appears  <U  first  violety  gradually 
becoming  more  intense,  and  at  last  beauiifid  indigo^hlue.  Thus  the  chemical 
behaviour  of  the  envelope-cell  in  Stephanosphceraf  as  in  ddamydoeoecuSy  is 
the  most  evident  proof  that  the  organisms  to  which  they  belong  cannot  be 
r^ardod  as  Inftisoria,  but  are  simply  Algee.  Moreover  this  behaviour  of  the 
envelope-cell  of  Stepkanosphasra  shows  that  the  latter  is  bounded  by  a  true 
cellulose  membrane,  and  not,  as  is  assumed  almost  universally  of  the  VoUfO- 
eineofy  and  by  NageU  even  of  all  Algse,  of  secreted  mucus  or  jdly.  The  direct 
observation  of  the  envelope-cell  of  Steplianospluxra  likewise  shows  that  this 
is  completely  closed  in  its  normal  condition,  and  only  perforated  by  orifices 
in  the  spots  where  the  cilia  of  each  primordial  cell  pass  out.  Not  until  a 
later  stage,  when  the  primordial  cells  singly  leave  the  envelope  or  have  begun 
to  propagate,  does  the  membrane  of  the  envelope  tear,  gradually  collapse,  and 
become  dissolved,  so  that  the  included  globes  can  make  their  exit  freely. 

<'  It  is  obvious  that  the  eight  green  globes  of  Stephanosphofra  correspond 
exactly  to  the  primordial  ceU  of  Chlamydococeus,  The  primordial  cells  of 
Stephanosphasra  consist  in  like  manner  of  nitrogenous  protoplasm,  in  itself 
colourless,  which  is  coloured  brown  by  iodine  and  almost  wholly  dissolved  by 
caustic  potash  and  ammonia.  The  protoplasm  is  coloured  by  the  universal 
colouring  matter  of  vegetables,  chlorophyll ;  for  alcohol  and  SBther  bleach  the 
green  globules,  and  concentrated  sulphuric  acid  changes  the  green  colour  into 
a  verd^ris-green  or  blue, — ^a  reaction  which,  from  my  observations,  is  cha- 
racteristic of  chlorophyll. 

''  The  chemical  nature  of  the  fine  granules  in  the  primordial  cells,  which 
with  age  multiply  so  that  the  primor<^  cells  at  length  lose  their  transparent 
green  colour  and  appear  dull,  opake,  and  olive-brown,  is  difficult  to  detw- 
mine  on  account  of  their  small  size ;  they  are  either  protoplasm^granuUiy 
or,  as  a  bluish  colour  given  by  iodine  might  leave  one  to  conclude,  perhaps 
starch-granules.  On  ^e  other  hand,  the  two  darker  nuclei  in  each  pri- 
mordial cell  are  undoubtedly  the  same  structures  which  occur  in  Chlamy^ 
dococcus  and,  in  like  manner,  not  only  in  all  the  Volvocinece,  but  also  in  most 
of  the  Algse  of  the  orders  of  PahneUeoRj  Desmidem,  Conferveoi,  &c.  Nageli 
has  called  these  chhrophyll-utricles,  and  demonstrated  their  universal  occur- 
rence in  the  vegetable  kingdom  by  comparative  descriptions  (Oattung.  einzeU. 
Alg,  n,).  Ordinarily  there  exist  only  two  in  Stephanosphofra,  which  may 
be  distinguished  m  the  earliest  stages, — ^while,  among  other  VolvocinecBy  for 
instance,  Gonium  contains  only  one  ehlorophyU-utrtcle.  It  is  difficult  to  settle 
an3rthing  definite  concerning  their  structure  and  function ;  they  must  not  be 
regarded  as  cell-nuclei,  although  they  resemble  them  very  much,  especially 
when  only  one  is  present.  Caustic  potash,  which  destroys  the  rest  of  the 
contents  t>f  the  primordial-cells,  makes  the  chlorophyll  utricles  of  Sttpha-- 
nosphcera  show  lliemselves  more  distinctly  as  hollow  rings,  surrounded  by  a 
membrane  which  is  rather  granular ;  iodine  colours  them  deep  violet,  which 
leads  to  the  conclusion  of  the  presence  of  starch.  Ehrenberg  thought  the 
chlorophyll-utrides  were  to  be  recognized  as  the  testes  of  the  Vohfoctnece ;  it 
is  certain,  however,  that  these  structures  may  be  seen  in  greater  or  less 
number,  in  exactly  the  same  way,  in  undeniable  plants,  such  as  Hydrodie- 
tyon,  (Edogonium,  Movgeotia,  and  others. 

"  I  have  already  shown  that  the  primordial  cells  of  Stephanosphanra  as  well 
as  those  of  Chlamydococeus  are  destitute  of  a  special  rigid  membrane ;  con- 
sequently they  do  not  correspond  to  perfect  cells,  but  on  the  whole  only  to 
primordial  utricles.  In  like  maimer  the  curious  colourless  mucous  filaments 
which  extend  out  from  the  extremities  of  the  primordial  cells  of  Stepha- 
nosphcera  are  evidently  analogous  to  the  rays  which  make  one  condition  of 
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the  CJdamydocoeeuS'Oe^  look  hairy  (var.  setiger,  V.  Flotow).  They  aie 
merely  prolongations  of  the  oolouiless  protophusm  forming  the  suhetanoe  of 
ibe  primordial  edls,  and  correspond  pretty  well  morphologically  to  the  reticu- 
lated branching  fiObiments  of  protoplasm,  the  sap-currents  as  they  are  termed, 
which  maintain  the  nucleus  suspended  freely  in  the  interior  of  the  cells  of 
the  articolations  of  Spirogyra  or  of  the  hairs  of  the  anthers  of  Tradescawtia, 
Alcohol  and  aoids  cause  these  prolongations  to  be  retracted  into  the  substance 
of  the  primordial  cells ;  the  same  thing  takes  place  during  the  course  of  the 
development.  Ehrenberg  has  called  Uiese  peculiar  mucous  rajrs,  which  also 
occur  in  some  other  VolvocinecBf  in  some  oases  a  tail  (Synura,  Uroglend)^  in 
otlieFS  connecting  canals  or  indications  of  a  vascular  system  (in  Volvox  and 
Gonticm).  These  protoplasm-filaments  naturally  present  a  diflferent  aspect 
according  to  the  shape  and  arrangement  of  the  primordial  cells :  while  they 
appear  as  a  wreath  of  cilia  in  the  globular  CJUamydococaiS-celL,  in  the  more 
spindle-shaped  StephanospTianra  they  rather  resemble  bundles  of  rays  passing 
out  from  each  end ;  in  Volvox,  if  seen  only  irom  above,  they  give  the  indi- 
vidual primordial  cells  a  polygonal,  radiating  aspect,  and  form  threads  of 
communicatioa  betwemi  them :  Eocke  has  wrongly  considered  them  as  inter- 
cellular passages  between  the  individual  animalcules.  The  connecting  threads 
in  CknUum,  on  the  other  hand,  are  something  quite  different,  and  do  not  belong 
at  all  to  the  domain  of  the  protoplasm-filaments,  as  1  shall  explain  more  frdly 
at  another  opportunity. 

**  Thus  the  microscopic  analysis,  like  the  chemical  iaveetigation,  of  Stepha- 
notpJuBray  in  exact  analogy  with  CMamydoeoceus  and  the  swarming-ceUs  of 
the  other  Algse,  has  enabled  us  to  distinguish  all  the  characters  of  a  plant, 
but  not  one  mark  of  a  true  animal  organization,  m  particular  not  a  trace  of  a 
mouth,  stomach,  and  sexual  organs.  But  the  genus  Stephanotphofra  is  thereby 
pre-eminently  important  for  the  decision  of  the  question  of  the  limit  between 
the  animal  and  vegetable  kingdom,  because  the  history  of  its  development  affords 
the  most  convincing  proof  of  the  vegetable  nature  of  thts  genus,  and  thus  of  all 
the  oiher  VolvodneaB. 

'^  Development  of  StepJianosphcera. — ^Both  the  very  delicate  envelope-cell 
and  the  widely  diisrt^ant,  transparent,  green,  globular,  primordial  cells  of  the 
young  StepJianosphcera  are  of  a  relatively  small  size.  Both  grow  so  much  as 
to  double  their  dimensions  during  their  vegetation:  the  former  acquires  a 
tough  membrane;  the  latter  fill  up  the  greater  part  of  the  envelope-cell, 
advance  towards  each  other  so  as  to  touch,  develope  thicker,  denser  contents, 
and  assume  most  curious  forms  through  the  ramification  of  the  protoplasm- 
filaments.  Finally  the  process  of  propagation  shows  itself  in  the  primordial 
ceUs.  The  radiating  ends  retract  all  their  prolongations,  and  become  rounded 
into  a  perfect  sphere ;  the  primordial  cells  are  now  merely  attached  to  the 
envelope-cell  by  their  ciUa,  and  thus  are  readily  moved  from  their  normal 
corresponding  positions,  and  then  appear  devdd  of  any  definite  arrangement 
in  the  envelope-cell. 

*'  These  changes  take  place  in  the  course  of  the  afternoon  ;  towards  evening 
more  influential  metamorphoses  make  their  c^pearance.  The  primordial  ceU, 
namely,  extends  itself  predominantly  in  one  direction  in  the  axis  perpendicular 
to  the  equatorial  plane,  consequ^itly  in  the  position  which  represents  from 
above  downwards.  The  two  chlorophyll-utrides  respectively  repair  to  the 
two  ends ;  the  green  contents  likewise  flow  chiefly  to  the  two  sides,  and  leave 
a  broad  colourless  zone  visible  in  the  middle,  such  as  we  observe  somewhat  in 
the  same  position  in  Closterium,  Finally  the  primordial  cell  becomes  con- 
stricted, gradually  from  the  periphery  to  the  centre,  in  the  middle  line,  and 
is  thus  divided  into  two  secondaiy  cells,  the  septum  of  which,  in  the  position 
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above  assumed,  runs  from  right  to  left.  Each  of  the  halves  cut  off  by  the 
division  then  expands  somewhat  in  the  direction  from  left  to  right ;  a  new 
constriction  soon  presents  itself  in  the  direction  from  above  downwards; 
when  this  is  complete,  the  originally  globular  primordial  cell  is  divided  into 
four  quarters  (XIX.  40). 

**  This  process  of  constriction  and  cutting  off  is  repeated  once  more,  each 
secondary  cell  becoming  divided  by  a  new  septum  into  two  equal  halves 
(XIX.  41-66). 

"  This  process  of  division,  by  which  each  primordial  cell  produces  in  the 
first  generation  two,  in  the  second  four,  and  in  the  third  eight  secondary  cdlSy 
is  completed  in  the  course  of  the  night,  so  that  early  in  the  morning,  in  the 
long  summer  days  even  by  3  o'clock,  we  perceive  each  of  the  eight  primordial 
ceUs  divided  into  eight  in  the  manner  described  (XIX.  41,  42).  The  gene- 
rations produced  in  each  case  by  this  triple  subdivision  vary  in  the  duration 
of  their  lives  and  in  their  capacity  of  development ;  the  first  two  rapidly 
divide  again,  and  therefore  are,  according  to  l^ageli's  expression,  mere 
'  transitional  generations ; '  the  third  alone  arrive  at  complete  development 
and  persist  a  long  time  as  such ;  these  form  the  ^permanent  generation.* 

"  The  process  of  division  does  not  always  take  place  simultaneously  in  all 
the  eight  primordial  ceUs  of  Stephanosphasra ;  we  not  unfrequently  find  inside 
the  same  envelope-cell  some  primordial  ceUs  still  wholly  unaltered,  while 
others  are  already  preparing  to  divide  into  two,  a  third  perhaps  already  into 
four,  and  a  fourtii  has  already  resolved  itself  into  its  eight  secondary  cells. 
Very  often  most  of  the  primordial  cells  are  found  already  completely  sepa- 
rated into  eight,  while  one  or  other  of  them  is  still  wholly  unaltered. 

"  When  the  act  of  division  has  gone  on  favourably  up  to  the  point  to  w^ch 
we  have  followed  it  above,  some  hours  elapse  before  the  young  fsunilies  of  ceOs 
escape  completely  from  the  envelope.  The  process  which  precedes  their  birth 
consists  principsdly  in  the  more  complete  isolation,  in  a  centrifdgal  directicm 
around  their  common  centre,  of  the  secondary  cells  produced  by  each  pri- 
mordial cell.  Since  the  parting  off  of  the  secondary  cells  advances  gradually 
horn  the  periphery  towards  the  centre,  they  are  already  completely  indivi- 
dualized and  separated  by  intercellular  spaces  at  the  periphery,  while  all  eight 
remain  still  connected  in  the  centre  into  a  common  colourless  mucous  mass 
fiUed  with  protoplasm-granules  (XIX.  42).  But  the  flow  of  the  contents  from 
the  centre  to  the  borders,  which  continues  up  to  this  time,  at  length  causes 
the  constriction  of  the  central  mass  of  protoplasm  also  into  eight  parts ;  the 
eight  secondary  cells  then  appear  of  a  deep  yellowish  green  externally,  passing 
internally  into  colourless  green  towards  finely  granular  beaks  which  are  aU 
connected  in  the  centre,  but  become  gradually  attenuated,  torn  away,  and 
retracted.  Then  the  young  primordial  cells  become  rounded  into  short 
cylinders  and  stand  in  a  circle,  without  organic  connexion,  but  placed  closely 
beside  one  another :  seen  from  above  (in  the  polar  view),  under  the  micro- 
scope, they  resemble  a  wheel  with  eight  notches ;  from  the  side,  examined  in 
the  equatorial  view,  we  see  four  or  eight  short  cylinders  lying  side  by  side, — 
80  that  the  whole  is  not  unlike  a  small  Scenedesmus  ohtusw  (XIX.  57-^8). 

<'The  primordial  cell  undergoing  division  behaves  as  a  whole  towards 
external  things,  until  the  parting  off  into  dght  is  quite  completed ;  that  is  to 
say,  its  two  cilia  move  uninterruptedly,  and  consequentiy  the  entire  8U^ 
phmosphasra-^ohQ  still  rolls  through  the  water  according  to  the  known  laws, 
even  when  most  of  its  primordial  cells  have  alretdy  become  more  or  less  com- 
pletely divided  into  four  or  eight  secondary  cells.  Only  shortly  before  the 
completion  of  the  division  do  the  cilia  of  the  parent-cell  lose  their  motion  and 
disappear,  it  may  be  by  being  retracted  or  by  being  thrown  off;  but  the 
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Mifioee  ihiaagh  which  the  cilia  preyioosly  passed  out  into  the  water  may 
now  be  obeerved  in  the  common  enyelope-cell,  as  minute  points  surrounded 
by  a  thickened  border. 

**  Immediately  after  that,  it  is  seen  that  the  newly-formed  secondary  cells 
have  developed  their  own  cilia;  for  the  young  generations  formed  in  the 
interior  of  the  parent-envelope  now  b^^  to  move  and  to  roll  over  like  a 
wheel,  so  £Br  as  the  confined  space  allows  of  this.  In  consequence  of  this 
movement  of  the  eight  small  wheels  rotating  in  the  interior  of  the  common 
envelope-cell,  which  constitutes  a  very  pretty  object,  the  parent-cell  soon 
becomes  enlarged  and  attenuated  at  certain  points ;  the  cellulose  of  which  it 
is  composed  appears  to  be  transformed  into  soluble  jelly,  and  soon  afterwards 
<me  after  the  other  breaks  through  out  of  the  common  envelope  and  revolves 
freely  and  independently  in  the  water,  according  to  the  same  laws  as  the  old 
apheres,  but  more  actively  and  energetically.  The  young  StephanospTugra 
exactly  resembles  a  green  wreath  composed  of  eight  small  cylinders,  upon 
which  by  itself  no  envelope  and  dlia  can  be  detect^  (XIX.  42, 48, 49) ;  but 
if  killed  with  iodine,  the  eight  primordial  cells  are  seen  to  be  surrounded  by  a 
common  envelope-cell  in  the  form  of  an  exceedingly  delicate  membrane, — only 
this  lies  in  all  parts  almost  inmiediately  upon  the  green  globes,  so  that  it 
foUows  the  waved  outline  they  produce,  and  in  its  total  form  resembles  a  flat 
qdteroid  with  eight  notches  on  its  border ;  it  is  perforated  by  the  cilia,  which 
go  off  in  pairs  from  each  of  the  primordial  cells ;  and  two  chlorophyll-utrides 
are  already  distinguishable  in  the  latter.  By  degrees  the  envelope-cell  is 
lifted  up  by  the  endosmotic  absorption  of  water ;  its  surface  becomes  smoothed 
oaty  and  it  appears  circular  in  the  polar  view ;  on  the  other  handy  it  retains 
for  a  longer  time  the  form  of  an  almost  tabular  spheroid,  and  hence  presents  an 
elUpse  m  the  equatorial  view  (XIX.  58) ;  finally  it  expands  uniformly  in  all 
directions  and  thus  acquires  its  normal  spherical  form,  while  at  the  same 
time  it  becomes  considerably  thickened.  This  whole  process  of  propagation 
ifl  completed  during  the  night ;  and  on  bright  days  Stephanosphcsrce  are  rarely 
seen  in  course  of  division  at  sunrise ;  on  dull  days  they  may  be  observed  in 
this  condition  in  the  first  part  of  the  morning. 

**  The  primordial  cells,  however,  not  unfrequently  come  to  a  standstill  in 
the  stage  of  division  of  the  second  generation,  so  that  they  only  separate  into- 
four  secondary  cells ;  these  at  once  develope  cilia  and  an  envelope-cell,  with- 
out dividing  a  third  time,  and  make  their  exit  from  the  parent-envelope  in 
this  condition.  Here  therefore  only  the  first  generation  of  each  primordial 
oeU  is  a  transiHondl  generation,  the  second  already  a  permanent  generation. 
Hence  arises  tiie  circumstance  that  we  often  find,  among  other  eightfold  StC" 
jpAoiuMrpA^vra-globes,  some  in  which  the  envelope-cell  encloses  oidy  four  pri- 
mordial cells  standing  at  equal  distances,  which  in  other  respects  behave  in 
the  ordinary  manner. 

**  It  is  still  more  frequently  observed,  when  the  primordial  cells  have 
already  become  constricted  into  four  secondary  cells  and  are  beginning  to 
divide  again  into  eight,  that  this  process  of  division  is  not  perfectly  completed 
in  all  four  portions,  but  that  the  young  Stephanosphcera  already  becomes  free 
and  developes  the  envelope-cell,  aUhough  one  or  other  of  the  four  quadratic 
•egwumU  of  the  sphere  has  become  constricted  but  not  parted  off.  Hence  origi- 
nate monstroQS  forms,  since  the  general  envelope-cell  then  encloses  o^y 
seven  primordial  cells ;  but  in  these  cases  it  is  always  observed  that  one  of 
them  is  distingoished  by  most  curious  prolongations  or  mucous  filaments,  that 
it  appears  twice  as  large  as  the  rest,  that  it  contains  four  chlorophyll-utricles 
instead  of  two  as  is  usual,  and  that  it  is  also  more  or  less  constricted  in  the 
joiddle.    All  this  furmdies  proof  that  here  one  secondary  cell  of  the  second 


Digitized  by  VjOOQ IC 


174  GSNEBAL  HIBTOBY  OF  THE  INFUSORIA. 

generation  has  not  been  divided  the  third  time  like  the  rest,  but  occupiea  by 
itself  the  space  which  is  ordinarily  filled  by  two.  Very  often  only  six,  <»r 
even  no  more  than  five  primordial  cells  are  found  in  one  enrelope-ooll ;  but 
then  two  or  three  of  these  are  twice  as  large  as  elsewhere.  In  like  manner 
Alex.  Braun  figures  a  Pediastrum  composed  of  fifteen  instead  of  sixteen  cells, 
wherein  one,  however,  is  twice  as  large  as  the  rest. 

*^  On  the  whole,  it  is  obvious  that  the  mode  of  propagation  of  SUpJumosphara 
already  examined  corresponds  completely  to  Uiat  we  are  already  acquainted 
with  as  formation  of  macrogonidia  in  Chlamydococous,  It  both  cases  it  de- 
pends upon  the  envelope-ceU  remaining  unaltered,  while  the  primordial  cells 
become  divided,  first  into  two  secondary  cells,  and  then  so  on  in  a  lower 
power  of  two,  each  of  the  secondary  cells  immediately  developing  two  cilia,  and 
secreting  over  its  whole  surface,  as  do  all  primordial  utricles  of  vegetable 
cells,  a  delicate  cellulose  membrane,  which,  however,  becomes  gradually  re- 
moved further  from  the  secreting  primordial  cell  through  absorption  of  water. 
The  only  distinction  between  Chlamydococcus  and  Stephanosphaira  arises  from 
the  formation  of  a  special  envelope-cell  to  each  individual  secondary  cell  in 
ChlamydocoecHS,  while  in  Stepharwnphcera  all  the  generations  produced  by 
division  form  one  primordial  cell,  become  enclosed  by  a  common  envelope, 
and  move  away  as  families  of  cells.  On  the  contrary,  the  developmental 
history  of  Oonium,  Pandorina,  and  Volvox  agrees  in  all  essential  particulars 
with  tiie  laws  of  propagation  which  I  have  just  described  in  Stephanosph<era, 
as  will  be  shown  elsewhere.  We  may  call  the  mode  of  multiplication  of  the 
Vohfodnecs  by  the  general  name  o{ propagation  by  macrogonidia. 

"  Another  process  is  met  with  in  Stephanosphctra^  besides  the  above,  and 
which  I  have  observed  more  rarely,  viz.  propagation  by  microgonidia.  In 
this  mode  of  multiplication  the  introductory  processes  are  exactly  like  those 
of  the  formation  of  macrogonidia ;  in  particular  each  primordial  cell  is  at  first 
divided  into  two,  then  into  four,  and  lastly  into  eight  secondary  cells.  But 
instead  of  this  third  generation  being  permanent  and  becoming  free,  as  is 
usual,  it  not  unfrequently  happens  that  the  process  of  division  is  not  arrested 
with  the  separation  into  eight — that  the  original  primordial  cell  becomes 
parted  off  a  fourth,  fifth,  and  even  a  sixth  time,  in  the  same  manner,  and  at 
length  is  broken  vp  into  a  large  nwmher  of  cells  (16,  32,  64),  which  naturally 
are  so  much  the  smaller  the  greater  number  of  times  the  subdivision  into  two 
has  taken  place  (XIX.  43,  51).  These  little  secondary  cells  finally  become 
totally  separated  from  one  another y  without  secreting  an  envelope-cell.  These 
little  cellules — ^I  shall  follow  the  example  of  Alex.  Braun  and  call  them 
microgonidia — exhibit  a  very  active  and  energetic  motion  inside  the  envelope- 
cell,  hurrying  very  rapidly  up  and  down  in  all  directions  in  its  cavity,  pro- 
ducing by  their  great  number  that  curious  swarming  which  Alex.  Braun  has 
very  aptly  compared  with  the  intermingling  of  a  crowd  of  people  in  a  confined 
area,  where  every  one  is  constantly  changing  his  place,  while  the  whole 
together  constantly  occupy  the  same  space.  Sometimes  the  cellules  are 
scattered  in  a  few  large  masses ;  then  they  unite  again  into  a  knot  in  the 
middle;  every  moment  the  general  aspect  varies.  At  length  the  common 
envelope  is  ruptured  where  the  microgonidia  emerge  one  after  another  or  in 
large  masses,  but  free  and  singly,  into  the  water.  Their  true  form  may  be 
then  readily  detected  by  killing  them  with  iodine ;  they  are  spindle-shaped 
and  acuminated  at  both  ends,  bright  green  in  the  middle,  and  run  out  into  a 
colourless  beak  at  each  end,  on  the  whole  not  unlike  young  Bhiglence,  without 
a  trace  of  an  envelope-cell ;  the  extremity  which  goes  first  in  their  swimming 
bears  delicate  ciha ;  the  number  of  the  cilia  is  four  (XIX.  62).  When  the 
microgonidia  reach  the  water  they  move  most  actively  in  all  directions,  and 
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in  a  cAiort  time  all  the  (xarpwadea  emitied  from  an  enyelope-oell  are  scattered 
■Did  daBKppear  in  Uie  wide  sm&ce  of  the  drop  of  water. 

"I  haye  not  heen  able  to  make  out  what  becomes  of  the  microgonidia 
snbaeqiientlyy  once  they  are  ordinarily  decomposed  on  the  object-holder  after 
a  brief  swarming ;  but  it  may  be  conjectured  that  they  also  serve  for  propa- 
gatien,  and  probably  pass  into  a  condition  of  rest.  At  least  the  latter  has 
been  obeenred  in  the  microgonidia  of  Cklamydococeus  pluvialis  by  Alex.  Braun 
and  mjwdf:  the  history  of  the  development  of  the  latter  agrees  wholly  with 
thoee  of  the  Stephanotjphcara  ;  they  originate  also  by  the  division  of  the  pri- 
mosdial  cell  in  a  higher  power,  are  distinguished  by  their  minute  size  and 
more  active,  peculiariy  Infosorioid  movement,  and  never  develope  an  envelope- 
oell  during  their  movement.  The  microgonidia  of  both  therefore  are  true 
primordial  cells ;  that  is,  primordial  utricles  resembling  cells,  oi*ganized  ex- 
dnsiYely  of  coloured  protoplasm,  without  any  cellular  membrane.  The  only 
distinction  between  them  is,  that  the  microgonidia  of  ChlamydoeoccuSy  like 
their  macrogonidia,  possess  two  cilia,  while  in  those  of  Stephanosphxra  I 
observed  four.  That  the  microgonidia  of  StepTianaspTuera  correspond  per- 
fodty  in  morphological  respects  to  the  macrogonidia,  and  only  depend  upon  a 
higher  power  of  division,  is  proved  by  a  case  in  which  seven  out  of  the  eight 
piimoa:dial  cells  in  one  envelope-cell  were  broken  up  into  microgonidia,  wlole 
one  divided  merely  into  eight  secondary  cells ;  the  latter  were  developed  as 
macrogonidia,  and  formed  a  connected  wreath  surrounded  by  an  envelope-cell, 
which  rolled  slowly  about  in  the  parent-envelope,  surrounded  by  the  swarm 
of  free,  rapidly  moving  mierogoni^ 

**  Abstracting  the  differences  which  may  be  shown  always  between  two 
genera,  we  detect  the  same  law  of  development  in  Hydrodictyon  as  in  Stepha^ 
wmpharay — ^viz.  the  bioiliated  less  numerous  macrogonidia  arrange  them* 
aeWes  into  a  famUv  of  cells  already  within  the  parent-cell,  according  to  the 
character  of  the  given  conditions  of  the  two  genera,  the  cell-family  being 
active  in  the  VolvoeinecB  and  immoveable  in  the  ProtoeoecacecB,  while  the 
more  numerous  more  actively  moving  microgonidia  with  four  cilia  leave  the 
parent-cell  and  enter  upon  a  metamorphosis,  the  retrogradation  from  which 
to  the  normal  type  of  the  genus  has  not  been  observed  yet  here,  or  indeed  in 
the  microgonidia  of  any  of  the  Algse.  Such  an  undeniable  agreement  of  the 
law  of  development  of  Stephano»phara  with  an  undoubted  plant  like  Hydro- 
dUiyony  which  testifies  to  a  near  relationship,  would  be  inconceivable  ^  the 
former  were  to  be  regarded  as  of  essentially  different  organization — as  belong- 
ing to  quite  another  kingdom  of  nature.  Thus  the  developmental  history  of 
Stephaiasphara  also  frunishcs  the  most  convincing  proof  of  the  vegetable 
natore  of  this  genus,  and  consequently  of  the  Volvodnece  generally. 

**  That  the  formation  of  macro-  and  microgonidia  does  not  exhaust  the 
whole  series  of  forms  which  Stephanosphcera  may  pass  through,  is  proved  by 
the  following  observation,  which  unfortunately  I  have  not  yet  been  able  to 
complete.  Having  cultivated  some  Stephanosphcerce  for  a  long  time  in  a  little 
glass  cup,  in  the  way  described  in  my  essay  on  Loxodes  bursaria  (I.  c),  all 
the  primcodial  cells  at  length  exhibited  dark,  thick,  greenish  brown  contents, 
80  densely  filled  with  numerous  granules  that  the  two  chlorophyll-vesides 
could  no  longer  be  detected ;  their  form  was  more  or  less  globular,  and  the 
mncoos  radiating  {M-ooesses  were  entirely  absent ;  their  outlines  were  remaik- 
aUy  sharply  defined,  as  if  they  had  become  surrounded  by  a  rigid  membrane. 
At  die  same  time  I  remarked  that  the  primordial  cells  were  no  longer  fixed 
immoveably  at  the  periphery  of  the  envelope  cell,  never  changing  their  relative 
poeiticms,  bat  jerked  backwards  and  fonvards,  finally  tore  themselves  away 
frem  the  enveldpe-eelly  and  then  began  to  rotate  slowly  and  lazily  in  the  interior. 
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Soon  after,  I  saw  the  envelope-cell  also  burst  at  some  spot  and  collapse  ;  tuid 
the  eight  primordial  cells  gradually  emerged,  one  after  another,  as  inde- 
pendent globes :  they  were  now  seen  to  be  enclosed  in  a  pretty  elosdy  applied 
envelope,  through  which  penetrated  two  cilia ;  and  hence  they  presented  the 
utmost  resemblance  to  Chlamydomonas  Pulvisculus,  They  moved  about  for 
some  time  in  the  water  and  at  length  came  to  rest,  losing  their  cHia  and  aceu- 
mtdating  like  little  green  Protococeus-ghbtiUs  at  the  bottom  of  ^  glass.  We 
therefore  have  here  a  motionless,  perfectly  plant-like  stage  of  Stephanogph^era, 
such  as  we  are  acquainted  with  in  Chlamydococcus  and  Chlamydomonas ;  the 
remainder  of  the  Volvocinece  undoubtedly  pass  into  a  similar  condition  of 
rest,  which  is  the  means  of  their  preservation  when  the  water  of  ditches  is 
dried  up  in  summer.  The  emergence  of  single  globes  from  the  common  enve- 
lope, in  a  form  resembling  Chlamydomonas,  may  also  be  readily  observed  in 
Qomum. 

"  I  conjecture  that  the  motionless  Protococcoid  cells  of  Stephanosphcera  are 
the  means  of  the  preservation  of  the  species  when  the  water,  as  is  always 
the  case  in  the  shallow  hollows  in  stones,  their  natural  station,  is  dried  up 
for  a  long  time  and  all  the  living  inhabitants  are  precipitated  on  the  stone. 
The  observations  of  Major  von  Motow  have  already  demonstrated  that  the 
dried-up  muddy  sediment  always  reproduces  Stephanosphceras  when  water  is 
again  poured  on  to  it.  This  capaMlity  of  reviving  from  the  dried  condition 
is  shared  by  Stephanosphaara  with  Chlamydococcus  pluvialis,  in  which  likewise 
the  motionless  ceUs  remain  living  after  being  dried  up  for  years,  and  are  capa- 
ble of  giving  birth  to  moving  forms,  while  the  swarming-cells  themselves  are 
destroyed  for  ever  by  rapid  desiccation.  Herr  von  Piptow  has  sent  earth  with 
dried  StephanospTicBraf  to  Dr.  Eabenhorst  in  Dresden,  who,  in  like  manner, 
succeeded  in  reviving  them  by  moistening. 

"  Since  the  moving  Stephanosphcerce  are  destroyed,  just  like  the  swarming- 
cells  of  Chlamydocoecus,  by  rapid  desiccation,  I  believe  that  the  motionless 
Protococcoid  globes,  the  development  of  which  I  have  just  described,  are  the 
forms  which  do  not  lose  their  vitality  by  drying,  but  are  capable,  when  wetted 
again  with  water,  of  going  through  a  cycle  of  development,  by  which  they 
return  to  the  normal  moving  form  of  Stephanosphxiera,  Yet  I  must  remark 
that  I  have  not  hitherto  obtained  sufficient  material  to  observe  the  resting 
Btephanosphasra,  and  to  trace  the  processes  which  occur  in  the  revivification. 

''  Respecting  their  vital  manifestations,  repeated  experiments  showed  that 
the  moving  spheres  of  Stephanosphsera  seek  the  darker  part  of  the  vessel,  avoids 
ing  however  a  total  absence  of  light,  and  assembling  in  preference  in  a  moderated 
light  or  half-shadow.  Since  other  Algee  and  Infusoria  exhibit  a  difSsrent 
behaviour  towards  the  light,  we  thus  possess  a  means  of  sorting,  to  a  cer- 
tain extent,  the  microscopic  inhabitants  of  a  specimen  of  water,  as  I  did  the 
shade-loving  StepTianospJicerce  from  Chlamydococcus,  which  ordinaiily  seek  the 
brightest  light." 

An  important  appendix  to  this  history  of  Stephanosphasra  has  qmte  recently 
appeared  from  the  joint  labours  of  Professor  Cohn  and  Wichura  {Nov,  Act, 
Acad,  Curios,  Natural,  1857,  Part  I.),  and  has  been  translated  into  English 
by  Mr.  Currey  (JJfJS,  1858,  p.  131). 

The  resting-stage  above  spoken  of  is  again  referred  to  condsely  and  clearly 
in  this  paragraph : — **  Under  certain  circumstances  each  of  the  eight  cells 
secretes  a  cellular  covering,  and  swims  about  m  the  interior  of  the  globe  in 
the  fona  of  free  Chtamydomonas-^Uke  cells  (XIX.  44) ;  eventually  they  escape, 
either  by  fissure  of  the  globe,  or  by  its  ^*adual  dissolution,  lose  their  dUa, 
form  a  thicker  membfane,  become  motionless,  and  accumulate  at  the  bottom 
of  the  vessel.    If  the  vessel  be  then  permitted  to  become  thoroughly  dry,  and 


Digitized  by  VjOOQ IC 


OF  THB  PHTTOXOA.  177 

afterwards  be  again  filled  with  water,  motile  SUfphanoaphcBras  reaj^iear,  from 
which  it  seems  probable  that  the  green  globes  are  the  resting-spores  of  the 
plant.^  These,  it  may  be  added,  are  with  difficulty,  if  at  all,  distinguishable 
from  those  of  CMamydococcus  pluuialu :  they  Tary  veiy  much  in  size,  and 
apparently  grow  after  entering  on  the  state  of  rest.  Their  colour  is  deep 
green  (occasionally  yellowish  or  ohye) ;  and  they  have  a  nucleus,  and  fre- 
quently a  nucleolus.  We  cannot  do  better  than  copy  Mr.  Currey's  abridged 
translation,  in  endeavouring  to  convey  the  results  arrived  at  by  Cohn  and 
Wichura: — 

''  When  the  water  is  permitted  to  evaporate  graduaUy,  the  resting-oells 
become  yellow,  and  afterwards  orange  or  red,  and  their  contents  have  a  more 
oily  appearance.  The  authois  found  that  if  the  water  was  not  permitted  to 
evaporate,  the  resting-spores,  although  continuing  to  live,  did  not  become 
developed  into  Stephanosphcnre ;  but  when  fresh  water  was  poured  upon  de- 
siccate resting-spores,  twenty-four  hours  sufficed  for  the  production  of  motile 
SlephanatpJujercB, 

'*  The  following  is  the  process  of  transformation  from  the  state  of  rest  into 
the  motile  form. 

"  The  dried  resting-spores  take  up  the  water,  and  their  contents  (hitherto 
scmiewhat  misshapen)  gradually  fill  up  the  cavity  of  the  containing  mem- 
brane, and  become  cloudy  and  granular;  the  border  becomes  yellowish,  and 
the  red  colouring  matteris  concentrated  in  the  centre.  The  cells  then  begin 
to  divide ;  and  the  successive  forms  assumed  in  this  process  will  be  better 
understood  by  reference  to  XIX.  44-47,  than  by  description.  In  pass- 
ing frtnn  the  state  shown  in  fig.  45  to  that  shown  in  fig.  46,  the  outer  mem- 
brane has  gradually  become  invisible.  Up  to  fig.  47  the  process  has  occupied 
about  two  hours.  The  four  dau^^ter-ceUs  (fig.  47)  be^  to  quiver,  and  to 
endeavour  to  separate  from  one  another.  Two  cilia  are  now  perceptible  at 
the  pointed  extremity  of  each  of  the  four  cells,  by  the  action  of  which  the 
gmap  b^ins  to  move  as  a  whole,  and  in  a  laboured  manner,  in  the  water ; 
ultimately,  however,  all  trace  of  the  enveloping  membrane  and  of  the  gluti- 
nous connecting  substance  disappears,  and  one  by  one  the  daughter-ceUs 
escape  and  become  free.  Figs.  48  and  49  exhibit  different  forms  of  these 
free  daughter-ceUs,  which  contain  two,  three,  or  several  granules  (amylon  ?) 
and  sometimes  also  vacuoles.  The  sharp  end  is  often  prolonged  into  a  colour- 
less beak.  At  this  period  there  is  no  proper  cellulose  membrane.  At  the 
moment  of  escaping,  their  diameter  never  exceeds  0*010  mm. ;  but  they  soon 
enlarge  and  attain  a  diameter  of  0*013  to  0*015  mm. 

**  Their  form  and  the  length  of  the  beak  are  variable,  the  latter  being  some- 
times altogether  wanting.  In  form  and  motion  they  resemble  exactly  the  naked 
primordial-cells,  which  are  produced  by  division  from  the  resting-oells  of 
Chlamydaeoecus  pluvialis.  The  authors  have  never  seen  the  resting-cells  of 
8Up7iano9p7icgrcB  divide  into  more  than  four  parts,  but  think  it  not  improbable 
that  division  into  a  greater  number  (eight  or  possibly  sixteen)  sometimes 
occurs. 

"  The  length  of  time  which  elapsed  between  the  immersion  of  the  dried 
resting-spores  and  the  first  appearance  of  the  motile  cells  varied  from  nine  to 
twenty-four  hours.  It  was  noticed  that  those  resting-spores  which  did  not 
produce  zoospores  within  six  days  never  did  so  afterwards,  although  they 
continued  to  live  and  were  perfectly  healthy. 

''  ZooqK>res,  produced  in  the  month  of  November,  did  not  advance  beyond 
the  first  stage  (fig.  49).  Others,  however,  produced  in  March,  remained  only 
a  fow  hours  in  that  condition,  after  whidi  time  a  delicate  membrane  was 
formed  round  the  body  of  the  primordial  odl  (XIX.  50  );  this  membrane  was 
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at  first  closely  attached  to  the  primordial-cell,  but  became  gradually  enlai^ged 
by  absorption  of  water  into  a  colourless  enveloping  yeside  (figs.  50,  54), 
iisually  globular  but  sometimes  oral,  having  two  openings,  through  which  the 
cilia  penetrate.  In  this  condition  they  attain  a  diameter  of  0-017-0*022"', 
and  are  not  distinguishable  firom  encysted  forms  of  ChJamydococcus  plu- 
vialis.  Other  zoospores,  produced  on  the  Ist  of  April,  1857,  attained  a  larger 
size ;  and  the  protq[)lasm  of  the  primordial  cell,  instead  of  retaining  its  ccm- 
tinuous  outline,  beoame  elongated  here  and  there  into  simple  or  forked  muci- 
laginous rays,  which  were  either  colourless  or  green  from  the  presence  of 
chlorophyll  (fig.  53).  These  rays  are  probably  produced  by  the  protoplasm 
adhering  at  certain  points  to  the  surrounding  membrane,  and  being  carried 
outwards  by  its  growth. 

The  Chiamydococcus-WLe  form  only  lasted  a  few  hours :  towards  the  even- 
ing the  zoospores  mostly  began  to  divide.  In  the  first  place,  ihe  protoplasmic 
rays  are  drawn  in,  and  the  primordial  cell  becomes  round ;  it  then  elongates 
itself  in  the  direction  of  an  axis  passing  through  the  point  of  origin  of  the 
cilia,  and  by  the  process  of  division  assumes  the  forms  shown  in  figs.  54  and 
55.  This  state  is  usually  attained  by  about  nine  o'clock  in  the  evening ;  and 
about  eleven  o'clock  a  constriction  commences  in  a  plane  at  right  angles  to 
the  former  plane  of  division ;  and  eventually  the  primordial  cell  is  divided  into 
quadrants,  each  containing  a  nucleus  and  a  portion  of  the  red  substance.  Hie 
two  cilia,  which  have  retained  their  activity,  originate  in  the  interspace  be- 
tween two  quadrants.  About  midnight  usually,  but  sometimes  earlier,  con- 
striction recommences,  and  the  form  in  fig.  56  is  attained.  This  constriction 
proceeds  towards  the  middle  point  of  the  spheroid,  by  which  the  quadrants  are 
bisected,  and  ultimately  divided  into  eight  wedge-shaped  portions,  whose  con- 
tour-lines, like  the  spokes  of  a  wheel,  meet  in  the  middle. 

''  And  now  commences  a  further  process  of  development,  which  forms  the 
ground  of  the  generic  distinction  between  StephanosphcBra  and  Chlamydo^ 
coccus.  For,  whilst  in  Ghlamydococcus  the  individual  portions  of  a  primor- 
dial cell  separate  entirely  from  one  another,  each  developing  its  own  enveloping 
membrane,  and  ultimately  escaping  as  a  unicellular  individual,  in  Stiphtmo^ 
gpTuera,  on  the  other  hand,  the  eight  portions  remain  united  as  a  family.  The 
coloured  contents  of  the  individual  portions  become  drawn  back  towards  the 
periphery  in  a  centriftigal  direction,  a  colourless  plasma  remaining  about  the 
central  point ;  this  disappears  at  first  in  the  centre ;  a  cavity  is  formed  in  the 
middle  of  the  disk ;  and  as  this  enlarges,  the  eight  portions  assume  the  form  of 
a  wreath,  consisting  of  eight  globular  or  ellipsoidal  bodies  in  dose  contact 
(fig.  57),  and  usually  not  exacUy  in  one  plane,  owing  to  the  outer  membrane 
not  having  expanded  in  proportion  to  the  enlargement  of  the  plasma.  Hie 
original  cilia  continue  active,  causing  the  motion  of  the  whole  oi^ganism,  until 
the  eight  portions  are  completely  individualized ;  and  then  their  motion  ceases : 
but  at  this  period  each  of  the  eight  parts  may  be  seen  to  be  provided  with  two 
dlia,  which  are  in  motion  so  fistr  as  their  limited  space  allows. 

The  separate  parts  of  the  plasma  now  form  eight  independent  but  closely- 
packed  membraneless  primordial  cells.  Shortly  afterwaKLs  it  is  seen  that  a 
deHcate  membrane,  common  to  them  all,  has  been  secreted  beneath  the  mo- 
ther-cell membrane,  round  the  disk  formed  by  the  primordial  cells ;  this 
membrane  at  first  lies  in  close  contact  with  the  latter  cells,  following  the 
constrictions  of  the  disk,  but  afterwards  becomes  further  and  farther  re- 
moved as  it  swells  and  t^ds  to  assume  a  globular  form  (fig.  58).  By  the 
motion  of  the  cilia  the  mother-cell  membrane  is  gradually  thro wn  ofiT,  and  the 
young  fSeunily  escapes  into  the  water.  Its  eight  green  primordial  cells  still 
enclose  the  last  traces  of  the  red  substance,  which  gradually  disappears,  and 
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instead  of  which  are  seen  two  granules;  the  primordial  oells  are  in  im- 
mediate contact  at  the  sides,  and  are  of  an  oval  or  ^holar  shape ;  their 
common  ffliydiqnng  membrane  is  at  first  constricted  at  the  border  following 
the  ontHiie  of  the  primordial  cells ;  it  eyentoaUy  becomes  globnlar,  although 
continuing  for  a  long  time  much  flattened  at  the  poles,  in  the  form  of  a  disk- 
shaped  spheroid.  When  the  Cfhlamydoeoeeus-hke  unicellular  SUphanotph^m^ 
has  commenced  its  division  eariy  in  the  evening,  the  division  into  eight  is 
perfected  during  the  night,  and  early  in  the  morning  the  young  fiEmiily  quits 
its  cast-off  mother-cell  membrane. 

'<  In  the  course  of  the  day  the  individual  primordial  cells,  and  their  common 
enyeloping  membrane,  grow  until  the  latter  attains  a  diameter  of  0'040« 
0-048'".  Ihiring  this  growth  the  shape  of  the  primordial  cells  is  changed 
by  the  formation  of  various  prolongations  in  the  manner  above  described : 
but  in  the  course  of  the  afternoon  the  primordial  cells  again  become  round ; 
and  during  the  evening,  division  commences  in  them  precisely  similar  to  the 
process  in  the  unicellular  Stephanotphcera ;  on  the  following  morning  we 
find  eight  young  families,  with  the  common  enveloping  membrane,  which 
soon  escape  and  go  through  the  same  process.  It  is  calculated  that  in  eight 
days,  nnder  favourable  circumstances,  16,777,216  fiunilies  may  be  formed 
from  one  resting-ceU  of  Stephanoiphara.  It  is  remarkable  that  the  division 
of  ihe  primordial  cells  in  St^Tianosphcera  is  confined  to  a  certain  time  of  day : 
it  begms  towards  evening,  and  is  completed  the  following  morning.  In  the 
observations  made  in  Laphmd,  at  a  time  when  the  daylight  there  lasted  during 
the  whole  night,  the  beginning  and  end  of  the  division  were  observed  to  take 
place  at  almost  tiie  same  hours  as  in  the  observations  made  at  Breslau  in  the 
spring,  when  the  day  and  night  were  almost  of  equal  length.  Sometimes 
tike  division  ceases  after  the  formation  of  only  four  primordial  cells.  On  one 
occasion  the  authors  observed  a  family  with  only  three  cells,  one  only  of 
the  two  balyes  first  formed  having  undergone  a  second  division.  In  Lap- 
land a  family  with  sixteen  cells  was  once  observed. 

**  The  authors  then  proceed  to  discuss  the  nature  of  the  resting-cells  in 
8tephano9phcera  and  Chlamydoeoceus,  and  come  to  the  conclusion  that  they 
are  not  spores ;  t.  e,  that  they  are  not  of  the  same  nature  as  the  red  cells  of 
(Edogamum,  Bulhoduetey  Drapamaldia,  Chcetophoray  SpTia^oplea,  Volvox,  &c, 

^  They  come  to  this  conclusion  upon  two  grounds :  Ist,  that  the  resting- 
ceUs  in  question  continue  to  grow  after  becoming  quiescent ;  and  secondly, 
that  it  is  probable  (although  not  yet  proved)  that  the  resting-cells  increase 
by  self-division,  thus  producing  new  generations  of  resting-cells.  These  two 
characteristics  the  autiiors  consider  inconsistent  vrith  the  idea  of  a  spore. 

''  In  conclusion,  the  authors  notice  the  formation  of  microgonidia  in  SUpha- 
nosphiEra,  which  takes  place  by  the  division  of  the  primordial  ceUs  into  num- 
berless small  portions.  Fig.  5  shoves  a  SUpJianotpTweira,  in  which  seven  of  the 
eight  primordial  cells  have  formed  microgonidia ;  the  individual  microgonidia 
(^.  52  a,  b,  e)  become  free  by  the  disintegration  of  these  eight  groups  into 
their  constituent  portions.  The  authors  think  it  not  improbable  that  the 
nderogonidia  exercise  an  impregnative  influence  in  spore-formation,  but  admit 
that  there  is  no  evidence  to  prove  it." 

Mr.  Ourrey  (J.  M,  S,  1858,  p.  209)  reopens  the  question  concerning  the 
nature  of  the  red  resting-cells  of  StepTiamsphcera,  and  aiigues  against  the 
condusion  drawn  by  Cohn  and  Wichura.  He  says  those  observers  have 
noticed  **  that  these  cells  in  StepTianospTuera  pltmalis,  which  are  at  first  of  a 
green  colour,  and  furnished  with  oiUa,  increase  in  growth  after  the  green 
colour  and  the  dlia  have  disappeared,  i.  e,  after  they  have  assumed  a  state  of 
rest,  a  fiact  which  they  c<msider  to  militate  against  their  character  as  spores. 

k2 
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"  *  We  have  seen,'  they  say,  *  that  these  restmg-cells,  after  they  have  been 
formed  by  the  metamorphosis  of  a  motile  primordial  ceU,  increase  in  growth 
considerably,  that  they  go  through  a  fturther  vegetative  development,  and 
have,  therefore,  not  reached  the  termination  of  their  vital  process.'  And 
they  then  add — *  It  is  contrary  to  the  idea  of  a  spore,  that  it  should  continue 
to  grow  after  having  assumed  the  character  of  a  resting-cell ;  and  the  £m^  has 
never  yet  been  observed  in  any  single  case.'  It  would  seem  that  these 
remarks  are  intended  to  be  limited  to  the  Algse ;  but  it  is  worthy  of  observa- 
tion, that  the  spores  of  the  ascigerous  Fungi  frequently  increase  in  growth 
after  escaping  from  the  asci ;  and  if  this  circumstance  is  not  to  be  looked  upon 
as  affecting  their  character  as  spores,  it  is  difficult  to  see  why  a  different  rule 
should  be  applied  to  the  Algse. 

**  Ck)hn  and  Wichura  moreover  consider  that  the  increase  by  self-divisi<Hi 
is  irreconcileable  with  the  idea  of  a  spore.  In  speaking  of  the  red  cells  of  CMa^ 
mydococcus  plvmaUs,  they  express  a  doubt  whether  in  those  cells  increase  by 
self-division  takes  place,  but  assert  that,  if  such  should  prove  to  be  the  case, 
it  would  be  conclusive  against  their  being  spores,  considering  self-division  (if 
I  understand  them  right)  to  be  a  process  of  v^etative  development  distinct 
from  germination,  ^ese  observations  are  worthy  of  the  careM  attention  of 
microscopists ;  and  without  venturing  an  opinion  as  to  their  correctness,  I 
would  only  remark,  that  if  the  resting-ceUs  of  GhJamydocoeeus  and  Sttpka^ 
nosphara  are  not  to  be  considered  spores,  that  character  must  also  be  denied 
to  the  resting-cells  of  (Edogonium,  Bulhochaste,  DrapamaMia,  SpTueroplea, 
and  Volvox,  if,  as  is  more  than  probable,  there  should  be  detected  in  these 
latter  cells,  1st,  an  increase  in  growth  after  becoming  quiescent ;  or,  2dly, 
increase  by  self-division." 

VoLvox  (XX.  32-49). — ^This  genus  has  always  been  an  especial  favour- 
ite with  microscopical  students.  Its  colonies  of  numerous  monadiform  green 
bodies  distributed  over  the  surface  of  miniature  globes,  endowed  with  active 
motion,  revolving  hither  and  thither,  form  one  of  the  most  pleasing  objects 
that  the  microscope  can  display.  Moreover,  the  more  minutely  the  globes  of 
the  Vohox  are  examined,  the  more  interest  do  they  awaken,  by  reason  of  the 
regularity  and  beauty  of  their  intimate  structure,  and  of  the  results  of  their 
vital  processes. 

The  consequence  of  this  has  been  a  host  of  observers  and  writers  on  the 
anatomy  and  physiology  of  Volvoxy  and  a  formidable  array  of  conflicting 
views  on  tiiiose  topics,  Ihe  consequence  of  careless  and  insufficient  research, 
of  indifferent  instrum^its,  and. of  the  influence  of  fanciful  hypotheses.  We 
shall,  however,  attempt  no  analysis  of  the  many  accounts  of  Volvox  in 
existence,  but  restrict  ourselves  to  an  abstract  of  the  more  recent  important 
observations  and  conclusions  of  Professors  Williamson  and  Busk,  particularly 
of  the  former  and  earlier  observer  on  that  oiganism,  promising  it  by  a  brief 
notice  of  Ehrenberg's  views. 

Formerly  the  whole  globular  mass  was  rogarded  as  a  single  warty  and 
ciliated  animalcule ;  and  the  act  of  bursting,  wheroby  the  smaller  globes  de- 
veloped within  it  which  had  reached  maturity  wero  Hberated,  was  considered 
to  be  the  birth  of  yoimg  animals.  This  theory  Ehrenberg  dearly  proved  to 
be  erroneous,  and  showed  that,  to  use  his  language,  the  supposed  spherical 
animalcule  was  m  reality  a  colony  of  monad-like  beings  distributed  over  the 
inner  surface  of  a  common  lorica,  and  connected  together  by  filiform  cords  or 
tubes ;  in  other  words,  he  proved  each  sphero  or  globe  to  be,  if  we  may  so 
term  it,  a  hollow  cluster  of  many  hundrods  or  even  thousands  of  living  occu- 
pants, and  to  frequently  contain  within  it  other  smaller  hollow  spheres, 
similar  in  naturo  to  itsefr,  and  in  fact  developed  from  it  by  a  process  of  self- 
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dSvtsiaiu     The  resnlt  of  tiiese  oonsideratioiis  led  Ehranborg  to  perceive  the 
true  homology  between  the  spheres  of  Vohfox  and  the  fbor-sided  tablets  of 

£adi  member  oi  the  colony,  he  added,  has  an  individoality  of  its  own,  and 
to  an  appearance  resembles  an  ordinaiy  simple  monad,  enclosed  within  a 
loiica  (a  lacema\  having  a  red  eye-speck,  a  doable  filiform  proboscis  or 
filament  protmdmg  from  the  surface  of  the  oommcm  spherical  lorica  and 
giTing  the  hairy  or  ciliated  appearance  to  it,  and  at  the  base  of  these  filaments 
a  month,  indicated  by  a  bri^t,  dear  spot.  Internally  Ehrenberg  beUeved 
he  discerned  dear  digestive  cells,  a  contractile  seminal  veside,  one  or  two 
roimd  sexnal  glands,  and  nnmerous  green  ova.  The  following  history  of 
Vclvox  conveys  the  present  state  of  information  and  opinion  on  this  interisst- 
mg  organism. 

The  ^bes  of  Volvox  are  bonnded  externally  by  a  hyaline  stroctardeas 
membrane  or  pellide,  which  corresponds  to  the  **  envdope-cell''  as  understood 
by  Gohn  (XX.  34, 45).  Distributed  on  the  inner  wall  or  snr&ce  of  this  mem* 
brane,  is  (in  Cohn's  words  J.  M.  S,  1857,  p.  140)  **  an  infinitude  of  very 
minute  hexagonal  cells,  attached  to,  each  other  in  the  same  way  as  are  the 
dements  of  an  epidermic  tissue"  (XX.  38).  The  protoplasmic  matter  or 
the  endodirome  <^  each  cell  constitutes  the  presumed  monad  of  Ehrenbeig, 
which  is  flask-shaped,  and  protrudes  its  tapering  extremity  or  neck  outwards, 
bearing  at  its  apex  two  ciliary  filaments  which  penetrate  the  common  envelope 
and  vibrate  freely  in  the  surrounding  water. 

The  green  substance  composing  each  monadiform  individual  or  '*  primordial 
cell,"  is  the  usual  vegetable  protoplasm,  and  contains  chlorophyll-veddes,  a 
dear  g^bule  or  nucleus,  one  or  rarely  two  contractile  veddes,  and  usually  a 
browmah-red  speck,  regarded  by  Ehrenberg  as  a  visual  organ  (XX.  35) ;  the 
filaments  are,  as  usual,  productions  from  the  protoplasm.  Further,  each  green 
globule  is  enveloped  in  one  or  more  partially  organized  special  membranes, 
which  are  in  more  or  less  dose  apportion  with  it  accorcbng  to  the  age  and 
the  conditions  of  life  under  which  the  Volvox  iB  placed  (XX.  35, 37),  and  give 
it  the  essential  characters  of  a  ceU  with  a  cdl-wall.  In  the  early  stage  of 
devebpment  the  several  protoplasmic  masses  in  a  colony  are  doedy  aggre- 
gated; but  as  age  advances,  a  dear  interval  surrounds  and  separates  them, 
trayersed  by  several  prolongations  of  the  protoplasmic  matter  connecting 
togetiier  adjoining  cdls  (XX.  37).  These  processes  extend  outwards  like  so 
many  rays  from  each  primordial  cdl,  and  as  a  rule  encounter  those  from  sur- 
rounding cells  at  a  determinate  distance,  where  they  meet  with  an  external, 
ddicate,  transparent  membrane— the  wall  of  the  cdl  of  which  the  central 
green  globule  represents  the  nucleus.  This  thin  membrane  forms  the  bound- 
aiy  of  each  dear  space  surrounding  the  contained  green  globule ;  and  from 
the  mutual  pressure  of  the  assemblage  of  cells  composing  the  Volvox,  it 
acquires,  as  seen  from  above,  a  hexagonal  figure  (XX.  38,  39-41, 45). 

We  have  obsOTved  already  that,  as  age  advances,  the  space  or  areola  around 
each  primordial  cell  increases ;  that  is,  the  external  cdl-wall  becomes  further 
detached  friom  the  contained  protoplasmic  mass,  and  hence  the  processes  con- 
necting the  two — at  first,  and  even  for  some  considerable  time  during  active 
nutrition,  thick,  dumsy,  and  irregular  (XX.  42,  43)— become  gradually 
fltretched,  until  they  are  eventually  converted  into  attenuated  threads  or 
dmost  imperceptible  lines.  In  fiict,  by  over-distendon  of  the  cells  from 
any  cause,  whetiier,  as  commonly  happens,  from  advancing  age,  or  from  the 
breaking  up  of  the  globe,  these  cords  get  ruptured,  and  tiien,  by  retractii^ 
themsdves  from  the  outer  delicate  cell-wall,  coalesce  with  the  protoplasmic 
centrd  mass.     On  comparing  this  structure  with  that  of  Qoniwn  as  recorded 
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by  Cohn,  a  close  homology  is  perceptible.  In  this  plant  the  membrane  sur* 
rounding  the  hexagonal  primordial  ceUs  gives  off  from  each  angle  a  tubular 
process,  which  comes  into  intimate  apposition  at  its  extremity  with  that  from 
an  adjoining  celL  However,  between  these  processes  of  Chnium  and  those  of 
Volvox,  there  is  this  difference,  that  in  the  former  it  is  only  the  primordial 
membrane  which  is  drawn  out  to  form  a  canal  or  tubule,  whilst  in  the  latter 
the  protoplasm  itself  is  at  first  extended  with  its  membrane,  and  subsequently 
collapses  into  a  delicate  band. 

The  circular  contractile  vesicle  noticed  by  Ehrenberg  has  had  its  existence 
confirmed  by  Mr.  Busk  in  mature  cells  (T.  M,  S.  1852,  p.  36) : — "  It  may  be 
situated  in  any  part  of  the  zoospore  (XX.  35),  not  unfrequently  in  the  base, 
or  even  in  the  midst  of  one  or  other  of  the  bands  of  protoplasm  connecting  it 
with  its  neighbours ;  it  is  pretty  uniform  in  size,  and  about  l-9000th  of  an 
inch  in  diameter."  Its  most  curious  property  is  its  rhythmical  contractility, 
its  pulsations  occurring  very  regularly  at  intervals  of  about  38"  to  41".  The 
contraction  is  rapid,  whilst  the  dilatation  is  gradual."  The  vesicle  "  would 
seem  to  exist,  or  at  aU  events  to  present  a  contractile  property  only  for  a 
limited  period,  and  to  disappear  soon  after  the  formation  of  the  brown  spot," 
t.  e.  the  eye-speck.  The  coloured  eye-speck  or  stigma  lies  close  against 
the  piimordial-cell  wall,  it  is  not  invariably  present,  and  consequently  cannot 
be  esteemed  of  essential  importance  as  a  characteristic. 

The  wall  of  a  Volvoxhasan  appreciable  thickness,  represented  by  a  vertical 
section — ^in  fact  by  the  depth  of  the  cells,  which  are  placed  side  by  side,  the 
lines  of  junction  being  strtuight  and  perpendicular  to  the  external  surfeice  of 
the  globe  (XX.  36).  The  inner  sides  of  tiie  cells,  bounding  the  internal  cavity 
of  the  globe,  are  somewhat  convex,  the  result  of  mutual  lateral  pressure,  and 
the  absence  of  centrifugal  pressure.  Prof.  Williamson  has  well  displayed 
this  by  sectional  diagrams  tcd^en  from  his  preparations.  These  sectional  views 
also  demonstrate  the  position  of  the  rounded  masses  of  green  protoplasm — 
the  primordial  sacs — ^to  be  immediately  on  the  inside  of  the  peripheral  mem- 
brane or  envelope-cell  of  the  Volvox  (XX.  37,  38). 

Development  of  Volvox. — Self-division  of  the  primordial  cells,  or  zoospores 
(Busk),  of  Volvox  is  regulated  by  the  same  laws  that  prevail  in  other  Volvo- 
einecB  and  in  other  unicellular  AlgsB  in  general.  Among  the  younger  speci- 
mens of  Volvox,  one  or  more  larger  globules  are  observable  (XX.  42-44),  which, 
if  watched,  wOl  be  found  to  undei^  segmentation,  first  into  two  (XX.  42), 
then  into  four  portions  (XX.  43),  and  so  on  (XX.  46),  always  keeping  to  the 
power  of  two  and  its  multiples,  until  some  himdreds  of  minute  corpuscles  are 
developed  (XX.  47),  which,  according  to  the  nature  of  the  genus,  so  dispose 
themselves  in  a  lamina  as  to  enclose  a  hollow  spherical  space,  and  to  assume 
the  characteristic  globular  form.  Thus  a  new  Volvox  is  generated,  but  differ- 
ing from  mature  forms  in  the  contiguity  of  its  component  individuals, — a  differ- 
ence, however,  which  progressively  vanishes  with  advancing  age.  The  young 
globe  lies  immediately  within  the  parent  being,  to  which  for  a  time  it  adheres, 
as  it  would  seem,  by  means  of  a  delicate  capsular  membrane,  within  which 
its  development  has  proceeded.  This  indeed  forms  its  sole  bond  of  union  with 
the  common  envelope  of  the  parent  Volvox  (XX.  33). 

When  first  formed,  the  cilia  of  the  primordial  cells  do  not  penetrate  through 
the  external  envelope  of  the  young  globe :  however,  this  conditicm  is  of  short 
duration ;  for  no  sooner  is  the  detachment  from  the  wall  of  the  parent  about  to 
supervene,  than  the  dlia  protrude  externally,  and,  commencing  their  vibratile 
movements,  soon  set  the  newly-developed  colony  in  motion  within  the  cavity 
of  its  parent.  The  detachment  is  consequent  on  the  rupture  of  the  investing 
capsule,  caused,  no  doubt,  by  the  constantly  enlarging  bulk  of  the  yoimg 
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mgaaiBHis.  Ocmstantly  several  young  cdonics  are  developed  from  the  parent 
at  the  same  time,  or  nearly  so,  by  the  self-fission  of  Tarions  primordial  cells ; 
hence,  as  a  role,  a  brood  g£  young  globes  is  to  be  seen  revolTing  within  the 
pareait  sjghere  (XX.  33),  from  whieh  ere  long  it  is  released  by  its  mptore. 

The  0Qnditi(Hi  of  the  indiyidnal  cells  of  a  yonng  VoUfox  has  already  been 
mentioined, — tiz,  their  dose  appositiim  at  first,  their  gradual  separation  by  an 
interval,  the  appearance  of  radiating  processes  from  the  protoplasm,  and  tiieir 
progroBsive  attenuation.  To  this  account  we  may  add  tiiat  contiguous  inter- 
ennent  processes,  in  their  earlier  stages,  appear  to  coalesce, — a  circumstance 
whidi  indicates  that  the  protoplasm  is  then  unenclosed  by  a  pelliole  or  envebpe. 
Again,  the  ^otoplasm  gradually  contracts  itself  into  its  flask-shape,  the  retrac- 
tion and  coalescence  of  its  processes  being  a  simultaneous  phenomen<m ;  indeed 
cantraetion  of  tiie  protoplasmic  globules  advances  continuously  until,  as  in  old 
q[»eeiniens,  only  a  small  rounded  mass  appears  in  the  centre  of  a  large  clear 
^ace.  Lastly,  the  cdoured  stigma  is  an  after-production ;  and  its  advent 
would  seem  to  indicate  the  maturity  of  the  cell. 

Analogy  with  other  VolvodnecR  would  lead  us  to  look  for  a  quiescent  or 
<<  stin ''  stage  of  the  cells  of  Volvox,  and  the  formation  ai  microgonidia,  in 
addition  to  the  process  described,  viz.  multiplication  by  self-division  with 
the  prodmction  of  maerogonidia.  That  a  ''still''  form  actually  occurs  is 
pretty  deaily  shown  by  Mr.  Busk's  observations  of  Vohox  aureus,  from 
which  this  presumed  spedeB  appears  to  be  nothing  more  than  Volvox  glo^ 
batar,  having  a  varying  number  of  its  cells  encysted  to  form  the  winter  or 
**  resting  "  spores.  The  primordial  cells  which  are  to  undergo  this  change 
are  at  first  indistinguishable  from  the  ordinary  ones,  except  in  having  a 
deeper  green  colour  (Busk,  op,  dt.  p.  38).  Ai^rwards,  however,  they  ac- 
quire a  thick  wall,  change  to  a  yellow  colour  (hence  the  appeUation  aureus, 
golden  or  yellow),  without  material  alteration  of  size,  and  produce  a  second 
equally  firm  and  distinct  envelope ;  or  rather,  it  may  be,  the  original  cells 
contract  somewhat,  and  then  form  a  second  coat  around  themselves.  Even- 
toally  a  considerable  space  exists  between  these  two  coats,  occupied  by  a 
dear  and  fq>pareiitly  aqueous  fluid ;  but  upon  the  addition  of  a  solution  of 
iodine,  a  granular  doudiness  is  produced  in  it.  The  contents  of  the  inner 
cell  consist  chiefly  of  amylaceous  grains,  mixed  with  a  greenish  material  in 
the  one  case,  and  with  a  bright  yellow,  apparently  oily  fluid  in  the  other. 
The  amylaceous  partides  are  of  an  irregular  botryddsd  form,  and  far  from 
imiform  in  size. 

Mr.  Currey,  in  a  recent  interesting  communication  on  fresh-water  Alge 
(J.  M.  8.  1858,  p.  208),  states  that  he  has  seen  ''  one  of  the  large,  orange- 
coloured  spores  of  the  so-caUed  F.  aureus,  which  is  only  the  resting  form  of 
F.  globaior,  where  the  contents  divided  into  five  globular  colourless  cells, 
which  floated  in  a  mass  of  reddish  plasma,  being  apparently  the  remains  of 
so  much  of  the  original  contents  of  the  cell  as  had  not  been  absorbed  in  the 
formation  of  the  secondary  cells." 

Of  the  Volvox  steUatus,  lir.  Busk  adds  that  it  seems  to  him  merely  a  modi- 
fication of  F.  aureus,  and  appears  to  follow  the  same  course  of  change,  and 
doubtless  of  future  development.  With  these  conclusions  Prof.  Williamson 
ooinddee,  and  remarks  (op.  eU.  p.  56)  that ''  the  ordinary  power  of  gemma- 
tion in  F.  stedaius  appears  to  have  worn  itself  out,  since,  though  the  gemmsd 
often  exist  with  the  spores  (?),  they  are  smaU,  colourless,  and  abortive." 

It  must  also  be  mentioned  that  Perty  suggests  an  analogous  interpretation 
of  the  nature  of  Volvox  aureus,  and  doubts  likewise  the  specific  importance 
of  F.  sUUaius. 

Since  the  above  remarks  were  p^med,  Cohn's  researches  on  Vohox  gJobator 
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have  determined  the  reality  of  another  mode  of  reprodootion  besides  fissiony 
as  surmised  {Ann,  iSc,  Nat.  and  Comptes  Bendus,  1856).  The  abstract  of 
this  most  interesting  paper  is  translated  in  the  J.  M,  S.  1857,  p.  149 : — *'  The 
second  mode  of  reproduction  of  Volvox  requires  a  sexual  conjunction,  and  is 
not  observed  indifferently  in  aU  individuab.  The  spherules  endowed  with 
the  sexual  function  are  distinguished  by  their  volume  and  the  more  consi- 
derable number  of  their  component  utricles :  they  are  generally  monoecious ; 
that  is  to  say,  they  enclose  at  the  same  time  male  and  female  cells,  although 
the  majority  of  their  contents  are  neuter.  The  female  cells  soon  exceed  their 
neighbours  in  size,  assume  a  deeper  green  colour,  and  become  elongated  like 
a  matrass  towards  the  centre  of  the  Volvox,  The  endochrome  of  &ese  cells 
does  not  undergo  fission.  In  other  cells,  on  the  contrary,  which  acquire  the 
size  and  form  of  the  female  cells,  the  green  plasma  may  be  seen  to  divide 
synmietrically  into  an  infinity  of  very  minute  particles,  or  linear  corpuscles, 
associated  into  discoid  bundles.  These  are  furnished  with  vibratile  cilia,  and 
oscillate  at  first  slowly  in  their  prism ;  but  the  movement  soon  becomes  more 
active,  and  the  bundles  speedily  brea^  up  into  their  constituent  elements. 
The  free  corpuscles  are  very  agile,  and  it  is  impossible  to  regard  them  as  any- 
thing but  true  spermatozoids ;  they  are  linear  and  thickened  at  the  posterior 
extremity ;  two  long  cilia  are  placed  behind  their  middle,  and  the  rostrum, 
which  is  curved  like  the  neck  of  a  swan,  possesses  sufficient  contractility  to 
execute  the  most  varied  movements.  These  spermatozoids,  so  soon  as  ^ey 
are  they  are  able  to  disperse  themselves  in  the  cavity  of  the  Volvox^  quickly 
crowd  around  the  female  ceUs,  into  which  they  eventually  penetrate ;  arrived 
there,  they  attach  themselves  by  the  beak  to  the  plastic  globule,  destined  in 
each  cell  to  form  a  iporty  and  with  which  they  are  gradually  incorporated. 
Fecundation  having  been  thus  effected,  the  reproductive  globule  becomes  enve- 
loped successively  by  an  integument  exhibiting  conical  pointed  eminences,  and 
by  an  interior  smooth  membrane ;  the  chlorophyll  which  it  contained  is  now 
replaced  by  starch  grains,  and  a  red  or  orange-coloured  oil.  This  is  the  con- 
dition of  the  spore  at  maturity ;  and  occasionally  forty  of  these  bodies  may  be 
counted  in  a  single  globe  of  Volvox,  The  germination  of  these  reproductive 
bodies  has  not  yet  been  observed,  so  that  their  history  cannot  be  r^arded  as 
complete ;  but  from  analogy  it  may  in  the  meanwhile  be  assumed  that  they 
germinate  in  the  same  way  as  do  the  spores  of  (Edogonium,  SphcerapUa,  and 
other  AlgSB  belonging  to  the  same  order.  It  may  be  maintained,  moreover, 
as  certain  that  the  SpJwsrosira  volvox,  Ehr.,  is  nothing  else  than  a  monoedoiis 
Volvox  globator ;  that  his  Volvox  stellatus  is  also  V,  ghbator,  observed  at  the 
time  when  it  is  filled  with  stellate  spores ;  and  lastly,  that  his  V,  aureus 
differs  frx)m  the  other  forms  of  the  same  species,  simply  in  the  smooth  [and 
coloured]  condition  of  the  spores." 

FAMILY  IV.— VIBBIONIA. 
(Plate  XVin.  57  to  69.) 

This  family  follows,  in  Ehrenberg's  system,  the  Volvocineae ;  yet,  by  reason 
of  the  extreme  simplicity  of  structure  of  the  beings  composing  it,  it  should,  in 
any  attempted  natural  system,  be  placed  even  below  the  Monadina, 

The  distinguished  author  of  the  Infusionsthierchen  attributed  an  animal 
nature  to  the  Fi^rionta,  and  although  obliged  to  confess  his  inability  to  detect 
any  internal  organization,  nevertheless  argued,  frx>m  analogy,  that  a  polygas- 
tric  structure  was  to  be  presumed,  and  that  their  movements  were  voluntary, 
and  of  themselves  sufficient  proof  of  animality.  In  Bacterium  triloculare, 
indeed,  Ehrenberg  believed  he  saw  an  internal  granular  ova-mass,  a  vibratile 
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fikmenty  and  spontaneous  fission.  Of  the  Vlbrumia  generally,  he  stated  that 
they  were  unable  to  change  the  form  of  their  body,  althoogh  without  Icwiea, 
and  that  by  imperfect  self-division  they  formed  chains  or  concatenated  fila- 
ments, which  in  ^nriUmm,  from  the  obliquity  of  the  jnnction-saifSEu^es  of  the 
eomponent  Vibrios,  assume  a  spiral  form. 

Yarious  later  writers,  among  whom  are  Leuckhart,  Cohn,  and  Burnett, 
would  transfer  the  Vihrionia  to  the  vegetable  kingdom.  The  last-named 
author  contributed  a  valuable  paper  to  &e  American  Association  in  1850 ; 
but  the  most  recent  examination  of  the  nature  and  structure  of  the  beings  in 
question  is  from  the  able  pen  of  Dr.  Cohn  {Entw.).  We  must  also  mention 
that  Perty  has  given  consideiable  attention  to  the  Vtbriomay  and  contributed 
scHue  original  observations.  It  is  to  Cohn's  account,  however,  that  we  shall 
ehiefiy  resort  in  our  attempt  to  describe  the  minute  and  curious  members  of 
this  family,  which,  if  not  rich  in  genera,  is  unsurpassed  by  any  in  the  abun- 
dance and  diffusion  of  its  members. 

Some  naturalists  have  considered  the  VtMonia  to  be  the  active  agents  in 
'producing  putrefstction,  since  they  are  invariably  found  in  decomposing  fluids, 
just  as  the  yeast-plant  (Torula)  always  occurs  in  fermenting  saccharine  mat- 
ters and  appears  to  excite  the  process  of  fermentation. 

The  Vibrioma  are  for  the  most  part  colourless ;  under  certain  conditions, 
however,  they  assume  a  yellow,  red,  or  a  blue  tint,  but  never  a  green  colour. 
Their  movements,  says  Perty,  are  rapid  and  energetic,  so  much  so  that  the 
OOTpusdes  of  Hysgmum  fuvale,  although  at  least  one  thousand  times  larger, 
are  thrust  aside  by  Bactertum  Termo  when  in  motion.  They  can  advance 
with  either  end  forward  with  equal  feudlity,  and  mostly  seem,  after  proceed- 
ing a  certain  distance,  to  retrace  their  course  to  the  point  they  started  from. 

The  extreme  minuteness  of  some  Vibrioma  may  be  conceived  from  the 
statement  of  Perty,  that,  according  to  his  calculation,  four  thousand  millions 
Qoeapy  no  more  space  than  one  cubic  line. 

Dujardin,  who  retains  the  Vibri4mia  among  animalcules,  makes  the  follow- 
ing remarks : — '*  The  Vibrioma  are  the  first  Infusoria  which  present  ihem- 
sdves  in  all  infdsions,  and  which  frt)m  their  extreme  smallness,  and  the  im- 
perfection of  our  means  of  observation,  must  be  considered  the  most  simple ; 

for  it  is  only  their  more  or  less  active  movements  which  lead  to  ^eir 

bdng  regarded  as  animals  at  all.  I  have  been  sometimes  induced  to  believe 
that  there  is  a  flagelliform  filament,  analogous  to  that  of  monads,  or  rather 
perhaps  a  spiral  undulating  one,  which  produces  the  peculiar  mode  of  loco- 
moti<m.  Is  the  Baeterium  triloculare^  described  by  Ehrenberg  as  having  a 
proboscis,  a  true  Vibrio  ? 

**  All  that  can  be  with  certainty  predicated  respecting  their  organization  is 
that  they  are  contractile,  and  propagate  by  spcmtaneous  fission,  often  imper- 
fect in  character,  and  hence  give  rise  to  chains  of  greater  or  less  length.'' 

Cohn  modestly  premises  (Entw.  p.  118)  that  his  researches  have  been  di- 
rected chiefly  to  one  species ;  yet,  from  scattered  observations,  and  from  pre- 
sumptive evidence,  he  would  assign  a  vegetable  nature  to  all  the  species. 

In  decomposing  infusions,  often  after  a  few  hours,  extremely  minute 
corpusclee  may  be  seen  in  countless  number,  having  the  figure  of  a  dot  or 
comma,  or  of  very  delicate  lines  with  the  ends  somewhat  thickened.  Their 
motion  is  tolerably  active,  darting  hither  and  thither,  contorting  themselves 
at  the  same  time  by  a  rotating  movement  upon  their  long  axis,  and,  when  in 
masses,  produce  the  appearance  of  a  ceaseless  swarming,  in  which  the  indi- 
vidual specks  are  eaoly  overlooked  on  account  of  their  smallness.  They, 
however,  differ  in  size  among  themselves,  varying  from  1-2000  to  1-700'"  in 
l^igth.     Ehrenberg  attributed  to  this  world-wide  form  the  name  of  Vibrio 


Digitized  by  VjOOQ IC 


186  OEtTESLiLL  mSIOBT  OF  THE  nTFTISOBIA. 

Uneola,  whilst  Dujardin  more  correctlj  separated  it  from  the  Vibrios  under 
the  name  of  Bacterium  Termo,  Under  this  latter  a^^Uation  Perty  has  also 
described  it. 

Now  when  we  oome  to  examine  an  infdsion  rich  in  these  organisms,  nu- 
merous jelly-like  colourless  masses  of  difEerent  size  and  figure  (XYIII.  69) 
may  be  met  with  on  the  walls  of  the  vessel,  and  on  the  sui^EU3e  of  the  fluid. 
These  when  young  resemble  small  balls,  from  1-100"'  and  less  in  diameter; 
but  as  they  continue  constantly  to  enlarge,  they  acquire  a  clustered  outline, 
and  ezhiMt  themselTes  as  colourless  masses  and  films  (£  ybtj  considerable 
superficial  dimensions  and  thickness,  resembling  soft  Palmellm  in  consistenoe. 
like  these  they  are  composed  of  a  transparent  mucus,  in  which  numberlesB 
punctate  or  linear  oorpusdes  are  imbedded.  These  last  are  identical  with 
the  isolated  particles  Imown  as  Bacterium  Termo.  That  these  corpuscles  are 
held  together  by  the  common  mucus,  is  evident  to  the  eye ;  even  the  largest 
films  are  also  composed  of  globular  clusters  agglomerated  together,  the  out- 
line of  the  gelatinous  mass  appearing  sharply  defined  in  the  water.  More- 
over, the  linear  corpuscles  appear  more  thiddy  congregated  at  the  periphery^ 
than  in  the  centre  of  the  spherical  collections ;  but  tiiis  is  an  optical  delusion. 
Again,  when  colouring  matter  is  added  to  tiie  water,  the  BacUriumr-macoB  is 
not  tinged  by  it ;  and  when  any  passing  Infusorium  impinges  against  it,  its 
sur&ce  is  pressed  in ;  and  lastly,  the  absence  of  an  independent  and  inherait 
molecular  motion  among  the  partides  show  them  to  be  endosed  witiiin  a  re- 
sistant medium.  Frequently,  whilst  under  observation,  single  corpusdes  may 
be  seen  to  detach  themsdves  and  swim  away  in  the  eharacteristio  manner. 

The  definite  outline  and  figure  of  the  mucilaginous  globules,  and  of  their 
dusters,  refute  the  notion  that  such  are  merdy  collections  of  deadBacterimi^ 
corpuscles.  The  indication  is  rather  that  the  Palmella^like  masses  represent 
the  young  condition  of  Bacterium ;  indeed,  the  same  cyde  of  development 

proceeds  as  in  PalmeUa,  Tetraspora,  and  allied  forms The  only  difference 

betwixt  the  ^octmum-heaps  and  PahneUa^  or  Tetratpora-maaaeB  is,  that  in 
the  first  the  individual  corpusdes  are  so  minute  that  the  characters  of  simple 
cells  cannot  confidently  be  assigned  them,  and  that,  instead  of  being  yellow 
or  light  green,  they  are  quite  colourless.  Nevertheless,  in  Kiitsing's  PalmeOa 
Brebissordi  and  P.  hyalvna,  the  odls  are  only  1-3000  to  1-1000'"  in  length, 
whilst  their  figure  and  distribution  are  indistinguishable  from  Badenum,  The 
absence  of  colour  is  a  feature  of  the  Fungi  connected  with  their  occurrence 
in  decomposing  infrisions ;  yet  PalmeUa  hycUina  has  only  a  pale  ochreous  hue, 
and  Colm  seems  to  satis&ctorily  establidi  that  the  mere  presence  or  absence 
of  colour  cannot  constitute  that  decisive  character  whidi  the  separation  of 
the  microscopic  Fungi  frt)m  the  AlgsB  implies. 

From  the  above  it  appears  evident  that  the  corpusdes  known  as  Bacterium 
Termo  are  the  swarm-cells  (zoospores)  of  a  plant  allied  to  Pahnella  and  IV- 
iraspora,  but  referable,  by  reason  of  the  want  of  colour,  to  the  microscopical 
aquatic  Fungi.  When  these  Vibrios  pass  into  a  state  of  rest,  they  accumn- 
late  on  the  surfSace  of  the  water  in  the  form  of  films,  &c.,  as  do  the  resting- 
spores  of  Tetraepora,  Stigeodinium,  Conferva,  and  other  AlgSB,  but,  unlike 
these,  are  connected  together  by  an  intercellular  substance,  within  which 
their  growth  proceeds,  and  leads  frequently,  as  Perty  has  illustrated,  to  t^ieii 
disposal  in  hnear  branching  series. 

From  the  analogy  with  Tetraepora  and  the  other  swarm-ceUs  of  Algse  and 
Fungi,  it  must  be  assumed  that  the  ^oc^mum-corpusdes  move  by  means  of 
a  vibratile  fibre ;  indeed  Ehrenberg  intimates  having  seen  a  filament  in 
Bacterium  trUoculure,  and  Dujardin  considered  some  such  mechanism  pro- 
bable. 
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The  growth  of  the  muoons  balls  is  the  oonseqaenoe  of  the  constantly  re-r 
peated  transrerse  fission  of  the  Bttetrnnum-ho^es,  and  is  exceedingly  rapid. 
Yon  Flotow  seems  to  have  detected  the  compound  masses,  and  named  one 
soch  Microhaloa  teres ;  but  Cohn  finds  it  necessaiy  to  create  a  new  genus, 
which  he  has  named  Zooglcea, 

Of  the  remaining  Vihrios,  Cohn  has  not  as  yet  complete  researches ;  yet  he 
finds  sufiEldent  support  from  analogy  to  warrant  him  in  assuming  a  like  history 
for  them  as  for  Zooylcea,  The  larger  forms  of  Vibrio  have  (he  says)  a  striking 
aflSnity  with  the  OectUaruBf  whilst  the  longer,  slowly-moving  species  have  a 
very  great  likeness  to  the  shorter  fibres  of  Hygrocroeie,  from  which,  some  have 
stated,  Vibrios  derived  their  origin.  The  a£Gbiity  of  Vibrio  with  the  colour- 
lees  OsdUarim — ^with  the  genus  Beggiatoa,  in  which  also  very  delicate  forms 
occur — may  be  especially  pointed  out ;  but  this  affinity  is  yet  more  striking 
with  SpirUhan  azid  Spiroehcetay  the  other  two  genera  of  Vibrionia,  Further, 
in  OflollarieiB  we  meet  with  straight  species,  e,  g.  OsdRariay  and  spirally 
convoluted  forms,  e,  g.  Spirulina,  just  as  we  have  straight  forms  in  Vibrio, 
and  ^irally-twisted  ones  in  SpiriUum  and  Spirochceta.  Likewise,  on  com- 
paring  the  movements  of  Spirochceta  with  those  of  SpirvUnay  we  find  no  dis- 
tinction between  them  except  in  energy  and  liveliness. 

The  results  of  his  examination  of  Vibrionia  are  thus  summarily  stated  by 
Cohn  (p.  130):— 

''  1.  The  Vthrioma  apparently  all  belong  to  the  v^etable  kingdom ;  for  they 
exhibit  an  intimate  affinity  with  undoubted  Algse. 

''  2.  By  reason  of  their  want  of  colour,  and  their  occurrence  in  decomposing 
infusions,  the  Vibrionia  belong  to  the  group  of  aquatic  fungi  (Mycophycece),^' 
Cohn,  however,  shows  good  reason  for  not  admitting  this  as  a  natural  group 
distinct  from  Algse. 

''  3.  BaeUrium  Temto  is  the  motile  swarming-phase  of  a  genus,  Zooglcea, 
allied  with  PalnuUa  and  Teiraspora, 

"  4.  Spiroch<eta  plicatUis  belongs  to  the  genus  Spirulina,  of  which  it  must 
be  at  once  admitted  as  a  species  {Spirulina  pUcatUis), 

" 5.  The  long  Vibrios  which  do  not  coil  (Vibrio  Bacillus)  arrange  them- 
selves with  the  more  delicate  forms  of  Beggiatoa  {OsdUarva). 

*'  6.  The  shorter  Vibrios  and  SpirUlce  resemble  iadeed,  in  form  and  charac- 
ter of  motion,  the  OsdUarus  and  SpiruUnai ;  nevertheless  I  cannot  positively 
decide  on  their  true  nature." 

To  this  abstract  of  Gohn's  paper  on  Vibrionia  we  must  add  a  notice  of 
Dr.  Burnett's  essay,  which  is  equally  in  favour  of  their  plant-like  nature. 
The  chief  observations  and  opinions  of  Dr.  Burnett  are — ^that  a  branching  of 
the  chains,  similar  to  that  of  the  ordinary  forms  of  Algas,  is  observable  in 
Vibrioma,  particularly  in  Spirillum;  that,  on  watching  their  gradual  growth, 
the  smaller  seem  no  other  than  the  younger  forms  of  larger  species  (for  in- 
stance, that  Vibrio  is  the  first  condition  under  which  Batterium  and  Spi- 
riUum  appear)  ;  thal^beddes  self-division,  propagation  is  effected  by  budding, 
a  &et  further  exemplified  by  the  occurrence  of  ramifications ;  and  that  in 
joong  forms  a  nucleus  is  absent,  although  one  becomes  apparent  in  advanced 
stages.  Again,  as  to  the  movements  A  Vibrionia,  Dr.  Burnett  can  see  no 
fiuther  indication  of  movement  in  them  than  in  spermatozoa  and  in  vegetable 
cells,  like  which  tiiey  are  unafiected  by  electrical  shocks,  which  are  fiital  to 
the  lower  forms  of  animal  life. 

"  Their  cell-structure  and  their  vital  (not  voluntary)  motion  would  then 
lead  us  to  infer  that  the  Vibrionia  are  Algous  plants,  and  not  animals.  This 
throws  light  on  several  common  phenomena.  One  in  particular  is,  that  the 
Vibrionia  should  almost  invariably  be  found  in  infusions  and  liquids  that 
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oGftitain  other  AlgSB,  and  especially  the  common  Torula;  for  I  do  not  re- 
member to  have  seen  the  TortUa  without  Vihrionia,** 

Perty  moreover  testifies  to  Vibrio  Bacillus  assuming  a  still  condition^  and, 
by  its  branching  concatenation,  a  plant-like  form,  out  of  which  are  constructed 
masses  and  films  in  the  infusion  and  upon  its  surCBU^e,  resembling  Hygro^ 
erocis  and  other  Algse  and  aquatic  Fungi. 

Dr.  Ayres  (J.  M.  S.  i.  p.  301)  contributes  the  following  observations  on 
the  self-division  of  the  Vibriofda : — "  While,"  he  writes,  "  fiie  shortest  of  the 
Vibriones  were  in  active  motion,  the  longer  ones  were  comparatively  quies- 
cent ;  and  these  exhibited,  according  to  ^eir  length,  from  one  to  six  trans- 
verse lines,  indicating  the  points  of  separation  in  the  reproductive  process. 
Those  of  moderate  length,  presenting  only  one  or  two  transverse  lines,  were 
rather  active,  and  often  bent  at  an  angle  at  the  transverse  lines,  which  pre- 
sented the  appearance  of  separation  into  two  distinct  individuals ;  and  the 
character  of  the  movements  appeared  such  as  to  favour  the  separation.  Those 
with  from  three  to  six  transverse  lines  were,  for  the  most  part,  quiescent. 
I  imagined,  although  from  their  excessive  minuteness  and  transparency  this 
was  not  plainly  and  unequivocally  discernible,  that  there  were  indentations 
of  the  extremities  of  the  transverse  lines,  by  which  constrictions  were  pro- 
duced, which,  by  their  increase,  would  finally  effect  a  complete  transverse 
division  of  the  animals." 

The  occurrence  of  Vibrios,  or  at  least  of  Ft6rto-like  forms,  as  one  of  the 
metamorphic  phases  of  the  Phytozoa  of  the  antheridia  of  CJiaracece,  e.g. 
Marehantia,  has  been  mentioned  in  a  foregoing  page  (126),  to  which  we 
must  refer  our  readers. 

FAMILY  v.— ASTASIiEA  OR  EUGLENuEA. 
(Plate  XVni.  36^-50,  52,  53,  55,  56.) 

Dujardin  very  properly  prefers  to  call  this  group  Euglencsa  (Eugleniens),  on 
account  of  the  resemblance  in  sound  of  the  first  name  with  tiiiat  of  Astaei<JBa 
(Astaciens)  used  to  designate  a  family  of  the  higher  Crustacea. 

In  Ehrenberg's  system  it  constituted  a  family  of  the  Polygastrica,  and  was 
characterized  by  wanting  a  true  alimentary  canal,  a  lorica  and  appendages, 
and  by  having  a  mouth  surmounted  by  one  or  two  proboscides,  and  in  most 
species  by  a  changeable  form.  Internally,  digestive  sacs,  ova,  a  seminal  gland, 
and  contractile  vesicle,  and  in  most  genera  one  or  more  red  specks  or  eyes, 
were  represented  as  present.  The  genera  included  were — Astasia,  Ambly- 
opMs,  Euglena,  OhlarogorUum,  Colacium,  and  Distigma,  The  value  of  these 
genera  has  been  called  in  question  by  various  writers.  Dujardin  makes  the 
variability  of  form — ^in  other  words,  a  contractile  int^:ument — a  leading  fea- 
ture, and  rejects  the  eye-speck  as  neither  distinctive  nor  constant ;  conse- 
quently he  excludes  from  the  family  the  Euglencs  with  rigid  int^^ument, 
and  transplants  them  to  the  Thecamonadina,  and  rearranges  the  remaining 
species  according  to  the  number,  disposition,  and  character  of  their  locomo- 
tive filaments.  Likewise  Schneider  (A.  N.  H.  1854,  xiv.  p.  327)  separates 
Ohlorogordvm  fix)m  the  Astasicea  because  of  its  unchangeable  figure ;  and 
Mr.  Carter  (A.  N.  H,  1856,  xviii.  p.  116)  would  also  detach  Astasia  from  jgfe*- 
gl^na,  from  the  conviction  that  llie  former  has  an  ftnitnftl  organixation,  and 
that  the  latter  is  referable  to  plants. 

In  the  following  general  history  of  the  Astasiasa,  our  description  will 
chiefly  apply  to  the  two  genera  Astasia  and  Euglena,  respecting  which  we 
have  very  copious  details  in  the  papers  by  Mr.  Carter,  (A.  N,  H.  1856,  xviii.). 
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Of  the  remaining  genera,  some  oomparatiye  obeenrations  will  be  made  in  pass- 
ings and  particular  ree^urches  respecting  them  added  from  Perty  and  other 
inquirers. 

Em/Una  and  AgtauicB  are  mostly  spindle-shaped  (ftisiform),  and  give  off 
from  thdr  anterior  extremity  one  or  two  delicate  filunents,  and  posterioriy 
a  usually  short  blunt  taiL  Exdading  the  doabtfdl  Eugleneasy  which,  on 
account  of  their  rigid  integoment,  we  think,  with  Di^ardin,  should  be 
transfierred  to  another  £Eunily,  the  remaining  species  of  the  two  genera 
in  question  are,  from  their  inherent  contractility,  capable  of  varying  their 
form  to  a  remarkable  extent ;  t.«.,  to  use  a  technical  word,  they  are  **'  meta^ 
holic/^  This  property  is,  nevertheless,  much  more  restricted  than  in  the 
Amabce ;  for  the  Astasum  can  send  off  no  offshoots  or  variable  processes 
like  those  animalcules,  but  in  all  their  manifold  contortions,  elongations, 
and  contractions  do  not  o(»npletely  lose  their  primitive  figure.  In  general, 
the  recazrence  of  the  changes  of  figure  is  quite  arbitrary  and  without  regu- 
larity. In  E%Ureptia  viridis  and  Astana  margaritifera,  however,  Perty 
rq>ie6entB  an  alternate  or  peristaltic  expansion  and  contraction  of  the  or- 
ganism, so  that  first  the  anterior  and  then  the  posterior  extremity  expands. 
He  adds,  besides,  that  in  this  AsUuia  the  contained  clear  globules  are  not 
transferred  backwards  and  forwards,  but  only  a  fluid  matter  which  runs  in 
fthftTinftlH  between  them. 

The  AftasuM  are  covered  by  a  distinct  flexible  and  elastio  envelope, 
which  Mr.  Carter  calls  the  "  peUide,''  and  states  that  it  resembles  the  cover- 
ing of  Amc^HE,  is  structureless,  and  hardens  after  secretion.  Stein  also 
affirms  that  in  EtngUna  it  is  similar  to  the  enclosing  membrane  of  Oregarinay 
and,  like  it,  a  shut  sac  without  mouth  or  other  aperture.  On  the  contrary, 
the  trandator  of  KoUiker's  paper  on  AetinopJiry$  (J,  M,  8,  i.  p.  100,  note) 
denies  the  existence  of  a  distinct  envelope  to  this  genus.  Beneath  the 
pdHde,  adds  Mr.  Carter,  is  a  transparent  moving  substance,  with  an  inhe- 
rent property  of  contractility  and  polymorphism,  which  proves  itself  inde- 
p^dent  of  the  superposed  pdilide  when,  in  the  process  of  encysting,  the  two 
become  separated :  this  substance  is  the  **  diapTume.^' 

Enclosed  within  these  laminie  are  the  contents,  consisting  of  a  proto- 
plasmic matter  with  suspended  particles  and  certain  definite  structures,  vii. 
a  nndeos  and  contractile  vesicle  (XYUI.  46  a,  e).  The  protoplasm  is  the 
same  matter  Dnjardin  names  the  *^  saroode,''  and  is  occupied  with  a  varying 
quantity  of  corpuscles,  differing  among  themselves  in  sise,  and  imparting  the 
colour  peculiar  to  the  species. 

"  In  Euglenay"  writes  Mr.  Carter  {op.  eit,  p.  119),  "  the  sarcode  is  separated 
from  tlie  diaphane  by  a  layer  of  pointed  sigmoid  fibres,  arranged  parallel  to 
each  ot^er,  so  as  to  form  in  Crtm&mda  teocta  (Buj.)  a  conical  cell,  which,  so 
socm  as  the  ovules  have  become  developed,  and  the  diaphane  and  other  con- 
tents (yf  the  sarcode  have  died  off,  becomes  transparent,  although  it  still 
retains  its  conical  form  untU  the  resiliency  of  the  fibres,  now  unrestrained 
by  the  diaphane  and  other  soft  parts,  causes  ddiiscence,  and  sets  the  ovules 
at  liberty." 

These  fibres  are  therefore  the  cause  of  the  spiral  markings  of  several 
EuglencBf  as  well  as  of  Phaeus  and  Chanemonas ;  they  are  strongly  marked 
in  Euglena  tpiroayra,  "  In  another  specimen  of  Euglenay^^  says  Perty  (p.  67), 
'<  of  fully  a  sixth  of  a  line  in  length,  and  of  a  grass-green  colour,  some  thirty 
delicate  longitudinal  lines  were  perceptible,  which,  when  the  body  turned  on 
itself,  looked  as  if  spirally  disposed.  Moreover,  on  examining  LepodneJu^ 
gbbules  when  partially  dried,  the  spiral  lines  appear  composed  of  rows  of 
closely  arranged  dots  " — a  phenomenon  probably  explicable  on  tiie  supposi- 
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tion  that  the  fibres,  as  a  consequence  of  eyaporation,  have  been  bndtea  up 
into  particles  by  the  act  of  diffluence. 

Mr.  Carter  distinguishes  certain  minute  colourless  granules  diffused  in 
the  general  protoplasm  of  the  interior,  which  he  specially  designates  ^*  mole- 
cules." These,  says  this  observer,  are  the  first  to  appear  in  the  homogeneous 
sarcode,  but  afterwards  become  intermixed  with  larger  corpuscles — "gra- 
nules''—  and  with  "  ovules ;"  and  by  the  time  the  ovules  have  become  fully 
formed,  the  sarcode  and  its  molecules  have  dried  off  or  disappeared.  "  More- 
over, in  Astasia,  digestive  globules  also  appear ;  but  here  the  food  is  taken 
in  through  a  distinct  moutii,  while  in  Euglena  the  absence  of  such  vesicles 
would  appear  to  indicate  that  its  support  is  of  a  different  kind,  if  not  intro- 
duced in  a  different  way." 

Ehrenberg  noted  the  existence  of  a  contractile  vesicle  at  the  anterior  ex- 
tremity (£  Euglena ;  the  like  is  also  seen  in  Astama ;  but  in  neither  instance 
have  its  pulsations  been  directiy  observed.  A  nudeus  is  also  present  of  a 
discoid  shape,  and  surrounded,  according  to  Mr.  Carter,  by  a  transparent 
capsule,  which  appears  like  a  narrow  pdlucid  ring  around  it,  owing  to  its 
greater  size.  In  Chlorogonium  and  AmblyopTUs,  Ehrenberg  encountered 
what  he  called  a  seminal  gland,  i.e,  a  nucleus,  and,  in  the  latter  genus,  men- 
tions the  presence  of  two  wand-like  bodies  in  front  and  three  behind  it 
Thirteen  such  peculiar  structures  were  also  seen  by  Perty  in  a  large  specimen 
of  Euglena  spirogyra,  which  he  concluded  had  originated  from  a  peculiar 
disposition  of  the  internal  substance.  The  same  ambiguous  structures  are 
doubtiess  referred  to  in  the  following  paragraph  by  Mr.  Carter,  although, 
indeed,  structural  peculiarities  are  detailed  which  would  render  Perty's  ex- 
planation inadmissible  unless  qualified  in  some  measure  (A.  If,  H,  1856, 
xviii.  p.  241) : — "  "With  reference  to  the  single,  glairy,  capsuled  body  which 
exists  in  the  centre  of  Phaeus  and  in  the  large  Up  of  Crumemda  texta,  also 
dually  in  Euglena  geniculatay  Duj.  (Spirogyra,  Ehr.),  on  each  side  the  nu- 
cleus, I  can  state  nothing  farther  than  that  in  the  two  first  it  consistB  of 
a  discoid  transparent  capsule,  which  at  an  early  stage  appears  to  be  filled 
with  a  refractive,  oily-looking  matter ;  that  it  is  fixed  in  a  particular  posi- 
tion, and  remains  there  apparentiy  unaltered,  with  the  exception  of  becoming 
nucleated,  until  every  part  of  the  animalcule  has  perished,  and  nothing  is 
left  but  the  spiral-fibre  coat,  and  |>erhaps  aiew  ovules.  In  Euglena  gemcnlata 
it  is  bacilliform,  and  contains  a  correspondingly-shaped  nucleus;  and  al- 
though I  can  slate  nothing  respecting  its  uses,  I  cannot  fiedl  to  see  that  it 
has  an  interesting  analogy,  particularly  in  the  latter  instance,  with  two 
similar  organs  which  are  commonly  seen  in  the  Navieula,  and  which  in 
N.fulva,  e,g,,  are  situated  in  a  vaiiable  position  between  the  nucleus  and 
the  extremities  on  either  side." 

The  numerous  globules  diffiised  throughout  the  body,  which,  in  additicm  to 
the  forgoing,  make  up  the  contents  of  the  AstamoM,  and  according  to 
Ehrenberg  are  to  be  considered  ova,  have,  after  being  denied  that  nature 
by  Dujardin  and  others,  been  again  brought  to  notice  under  the  name  of 
ovules  or  germ-cells  by  Perty  and  Carter.  They  are,  in  the  words  of  the 
latter  observer  (p.  223),  nucleated  cells,  which,  at  an  early  stage, "  consist  of 
a  transparent  capsule  lined  with  a  faint  yellow  film  of  semi-transparent 
matter,  which  subsequentiy  becoming  more  opaque  and  yellowish,  also  be- 
comes more  marginated  and  distinct,  and  assumes  a  nucleolar  form.". . . . 
*'  In  tiie  discoid  cells  of  Astasia  I  have  seldom  been  able  to  distinguish  the 
capsule  from  the  internal  contents,  on  account  of  their  smallness  and  the 
incessant  motion  of  the  animalcule.  In  Euglena,  however,  they  are  very 
evident ;  and  it  is  worthy  of  remark,  that  each  partakes  of  the  form  of  the 
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BiigUna  to  wbich  it  belongs.  Thus,  in  K  acus  it  is  long  and  cylindrical ;  in 
E,  mridisy  oblong  and  compressed ;  and  in  Crum&mUa  texta  and  Pliacus,  cir- 
enlsr  and  compfreesed. 

There  is  yet  another  set  of  stmctores  pointed  oat  by  Mr.  Carter,  deve- 
loped from  the  nudens,  to  which  he  assigns  the  nature  of  spermatozoids, 
or  male  reprodoctiTe  particles.  "  In  Astasia"  he  "writes  (p.  227), "  irr^^olar 
botrymdal  masses,  dividing  up  into  spherical  cells,  colourless  and  transln- 
eeskty  or  of  a  fsdnt  opaque  yellow  tint,  present  themselves  so  frequently  (and 
geneErally  inversely  developed  with  the  ovules,  as  in  the  Bkizopoda),  that  I 
cannot  help  thinking  that  they  are  also  developments  from  the  nucleus ;  but, 
from  not  having  seen  them  present  that  evident  granular  aspect  which 
diaracterizes  this  devebpment  in  the  Rhizopoda,  I  have  not  been  able  to 
determine  satisfactorily  whether  they  are  parts  of  the  latter,  or  that  kind  of 
divisioa  of  the  sareode  into  green  spherical  cells  which  sometimes  takes  place 
mEugUna. 

"  In  Euglenay  also,  I  have  described  a  development  of  the  nucleus  partly 
under  the  idea  that  it  might  be  a  parasitic  Rhizopodous  development ;  but 
BOW  it  appears  to  me  a  simple  enlargement,  granulation,  and  segmental  de- 
velopment of  this  body  into  polymoiphic,  reptant,  mucous  cells  Med  with 

spermatozoid  granules,  as  in  Ehtzopods I  have  never  been  able  to  see 

the  nucleus  and  its  capsule  in  their  original  form  when  the  spermatozoid 
mass  has  been  present,  though  I  have  occasionally  in  Amoeba,  and  almost 
always  in  Euglyphay  seen  the  empty  globular  capsule  in  connexion  with  the 
latter." 

The  contents  of  Astasuxa,  even  of  the  same  individual,  are  subject  to  great 
variations  in  colour,  distribution,  and  other  characters,  induced  by  age,  the 
action  of  the  reproductive  processes,  and  the  influence  of  external  conditions. 
TkoBy  Perty  teUs  us  (p.  57)  Phaeua  pleuronecUs  is  at  times  filled  with  a 
homogeneous  green  mass,  at  others  has  a  large,  round,  central  spot  (vacuole 
or  nucleus  ?),  at  others  a  large,  dear  space  in  the  middle,  having  a  central 
dark  nucleus ;  and  at  others,  again,  the  contained  endochrome  forms  three  or 
four  segments,  each  exhibiting  many  dark  green  nudei.  In  Euglena  viridts 
and  E,  Aeus  the  contents  become  resolved  into  a  formless  mass,  or  into  a 
hei^  of  neariy  equal-sized  germ-cells,  and  frequently  the  colour  is  changed 
from  green  to  r^  or  the  whole  organism  is  rendered  hyaline  by  the  escape 
cf  the  colouring  matter. 

The  coloured  speck  in  Etnglena,  Amblyophis,  and  other  Astasicea,  reckoned 
as  an  eye  by  Ehrenberg,  has  in  fsust  no  pretensions  to  that  character.  We 
have  pointed  out  that  similar  specks  occur  in  Vohjox  and  other  generally 
reoogmxed  plants,  in  all  probability  precisely  similar  to  and  structimdly  the 
same  as  tiiose  of  Astasiaa.  Sometimes  in  JSuglena  the  red  is  difPdsed  over 
the  entire  body,  as  Cohn  represents  to  occur  in  SphceropUa  annulina  (A.NJB'. 
1656,  xviii.  p.  83),  in  small  globules,  which  have  the  physical  and  chemical 
relationa  of  oil.  Jn  other  instances,  and  occasionally  in  very  young  forms, 
the  red  stigma  is  altogether  absent.  In  Phacus  pleuronsetes,  Perty  states, 
one  flpeck  is  placed  dose  behind  another  with  an  intermediate  band  uniting 
them.  Often  in  BuglemiBy  instead  of  one  stigma,  two  or  more  red  granules 
occur,  whilst  in  Euglena  deses  the  |Hgment-mass  is  quite  irregular.  In  Cru- 
memda  the  red  spot  is  comparatively  very  large,  and  rests  in  the  f[>rm  of  a 
anall  obtuse  cone  upon  the  contractile  veside. 

"  The  eye-spedt  of  Euglena  viridisy"  says  Perty  (p.  117), "  is  round  or  oval, 
and  exhibits  an  elliptic  or  spherical  veside,  withm  which  the  colouring  matter 
is  OGOtained,  surrounded  by  a  more  or  less  complete  brownish-black  ring :  at  a 
sohseqooit  period  the  colouring  matter  is  diffused  in  a  most  irregular  manner 
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beyond  the  ring."  In  Amblyaphis  viridis  the  red  pigment  may  either  entirely 
or  only  partially  fill  the  dark  areola.  Perty  veiy  sensibly  remarks,  "  All 
these  red  stigmata  are  deficient  of  all  the  requisites  of  an  eye — ^they  have  no 
refracting  medium ;  and  the  presence  of  an  eye  is  inconceivable  among  beings 
which  have  neither  nervous  centres  nor  oommunicating  nerves.  They  are 
probably  nothing  more  than  drops  of  red-oil,  like  those  which  are  produced 
among  the  chlorophyll  in  unicellular  Algse  "  (p.  118).  Another  £eu:t,  bearing 
on  the  character  of  a  red  pigment-speck  in  Exiglenoe,  is  the  change  of  colour 
these  beings  at  times  undergo  from  green  to  red,  just  as  CMamydoeoceus  and 
various  unicellular  Algae  do  when  they  enter  on  the  "  resting  "  stage. 

Eeproduction  of  Astatiaga, — ^In  Ehrenberg's  opinion,  the  members  of  this 
family  are  reproduced  both  by  self-division  and  by  ova :  he  speaks  of  having 
witnessed  the  former  process  in  the  genus  EugUna,  but  only  as  a  rare 
occurrence.  In  other  genera  he  failed  to  discover  it.  When  fission  takes 
place  it  does  so  in  the  usual  manner,  longitudinally,  and  produces  two  equal 
and  similar  organisms ;  rarely,  the  new  beings  are  of  unequal  size.  More- 
over, in  the  encysted  condition,  which  was  mistaken  by  Ehrenbeig  for  the 
death  of  the  Euglena,  or  confounded  with  other  structures,  fission  is  a  con- 
stant phenomenon. 

When  the  motile  Euglena  becomes  ''still,"  or  enters  into  a  state  of  rest,  it 
contracts  itself  into  a  ball,  and,  while  retaining  its  red  stigma,  loses  its  fila- 
ment. A  gelatinous  layer  is  thrown  out  around  it,  which  gradually  hardens 
into  a  rigid  colourless  cyst :  this  at  first  lies  close  upon  the  mass  of  the  Euglena, 
but  ultimately  is  removed  frx>m  it  all  round  by  an  interval ;  and  when  quite 
mature,  it  fr^uently  acquires  a  brownish  colour  and  opacity.  In  the  encysted 
condition,  Euglena  closely  resembles  the  ''  still "  cells  of  Protoeoeeut ;  hence 
the  term  ^*  Proioeoecoidy*  to  express  this  condition.  When  Euglence  have 
undergone  this  transformation,  they  cohere  together  by  a  mucilaginous  ex- 
cretion, so  as  to  form  expansions  or  films  resembling  in  appearance  those 
produced  by  many  Pahnellece, 

This  dose  resemblance  subsisting  between  encysted  Euglence  and  the  rest- 
ing-spores  of  numerous  Algae,  e,  g,  of  (Edogonivm,  explains  many  c^  the 
wonderful  transformations  recounted,  such  as  the  germinating  of  encysted 
Euglena-Qi^ilA  into  branching  filiform  Algae.  Again,  the  filmy  masses  pro- 
duced by  Euglence  have  been  described  as  independent  genera  and  spedee  of 
Algae, — as,  for  instance,  those  formed  by  E.  viridie,  as  Microcystis  olivaeeOy 
and  Uiose  by  E.  sanguinea,  as  Microcystis  NoUiL 

That  the  contained  green  Euglena  is  not  dead  within  its  case,  is  proved  by 
its  sometimes  being  seen  to  revolve  within  it,  and  also  by  the  circumstance 
that,  in  the  early  period  of  encysting,  on  rupturing  the  cyst,  the  contained 
being  escapes  and  resumes  the  appearance  and  movements  of  its  fr-ee  brethren. 
It  would  seem,  indeed,  that  EugletKe  are  in  the  habit  of  temporarily  encysting 
themselves  as  a  means  of  protection  against  injurious  external  causes,  such  as 
evaporation,  and  that,  when  a  normal  condition  is  restored,  they  throw  off 
their  protecting  envelope  and  reassume  their  active  contractile  character  and 
movements.  The  empty  cases  are  often  to  be  met  with  floating  on  the  sur- 
face of  water,  united  with  others  and  with  encysted  Euglence  in  a  common 
membranous  mass.  The  vitality  of  the  endosed  being  is  further  displayed 
by  the  process  of  fission,  which  advances  in  the  power  of  two  until  very  small 
segments  are  produced,  which  soon  develope  severally  a  red  speck  and  fila- 
ment, and,  on  the  dissolution  or  rupture  of  ^e  common  cell-wall  of  the  parent, 
escape  as  small  free-moving  corpusdes  rather  resembling  Monads  than  Eu- 
glenas  by  their  minuteness. 

The  encysting  act  may  transpire  in  very  small  as  well  as  in  large  Euglence, 
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ind  the  subseqaent  fission  may  be  arrested  at  any  point,  so  that  either  a  few 
lections  which,  in  the  phraseology  of  botanists,  may  be  called  macrogonidia, 
or  otherwise  very  numerous  small  ones,  or  microgonidia,  may  be  developed. 

As  the  simply  encysted  Euglense  have  been  represented  as  independent 
genera  of  plants,  so  the  same  thing  has  occurred  when  their  contents  have 
been  seen  in  the  process  of  self-division ;  thus,  for  instance,  Perty  thinks  it 
probable  that  Protoeoecus  turgidus  and  P.  ehalybeus  (Kutz)  are  ne  other  than 
two  sudi  transitional  conditions. 

Another  drcumstance  attending  encysted  Euglenae,  is  the  forming  an  attach- 
ment to  other  bodies  by  a  sort  of  pedide,  which  extrudes  from  what  has  been 
the  anterior  extremity  of  the  being.  When  viewing  large  collections  of  Eu^ 
glena,  specimens  may  occur  of  two  or  several  united  together  by  the  head  or 
tail,  sometimes  with  the  tail  of  one  to  the  head  of  another.  Examples  of  two 
partially  united  have  been  explained  by  supposing  the  act  of  fission  of  a 
parent-animal  to  be  nearly  accomplished ;  but  other  observers  have  seen  in 
such  united  beings  an  instance  of  conjugation,  t.  e.  of  an  act,  to  some  degree, 
of  impr^nation.  The  union,  however,  of  several  by  the  tail,  sometimes  seen, 
is  an  argument  against  this  supposition,  and  is  rather  suggestive  that  such 
eombinations  are  the  remnants  of  primitive  adhesions  between  gonidia  within 
the  parent-cell  or  between  germs  before  a  pellicle  has  formed  around  them, 
or,  again,  that  a  mucoid  matter  thrown  out  from  the  surface,  as  happens  in 
many  Phytozooy  may  constitute  the  band  of  union,  when  incomplete  fission  or 
persistent  primitive  adhesions  cannot  be  considered  its  origin.  There  is  cer- 
tainly no  d  priori  argument  against  the  occurrence  of  conjugation  in  this  family, 
and  some  naturalists  would,  frx>m  analogy  with  related  beings,  look  for  it ; 
bat  at  present  it  has  not,  we  think,  been  proved. 

(hmUs  or  germs. — ^That  EugUna  reproduce  by  internal  germs  is  an  opinion 
now  advocated  by  several  naturalists.  To  our  minds  this  mode  of  propagation 
i»  really  homologous  with  the  formation  of  gonidia  in  admitted  plants.  Kdl- 
liker  writes  (•/.  M,  8.  i.  p.  34) — "  Multiplication  by  means  of  germs  generated 
in  the  interior  indubitably  occurs  in  certain  Infusoria :  in  Euglena  four  to  six 
embryos  are  seen  in  one  individual,  entirely  filling  it,  which  at  length,  frir- 
mahed  with  their  red  speck  and  filament,  break  through  their  parent,  leaving 
it  as  an  empty  case." 

Mr.  Carter  (aj[>.  cit.)  has  entered  very  largely  into  an  account  of  the  ovules  of 
Infusoria  and  of  their  development.  *'  In  Euglena  viridis,*^  he  writes,  ''  the 
ovnles  are  of  an  oblong  shape :  they  are  found,  l&ce  those  oiSpongiUa,  scattered 
over  the  sides  of  the  vessel,  and  evidentiy  have  in  like  manner  the  power  of 
locomotion  in  addition  to  that  of  turning  upon  their  long  axis  when  otherwise 

stationary The  pellucid  central  area  in  them  corresponds  with  the  oblong 

shape  of  the  capsule ;  but  beyond  this  and  the  central  granule  I  have  not 
been  able  to  follow  their  development  out  of  the  parent,  though,  from  the 
namber  of  young  E,  viridis  present,  it  may  be  reasonably  inferred  that  they 
eame  from  the  cmdes.  The  young  EugUna,  howev^,  being  so  rapid  in  their 
inovements  when  once  the  dUum  is  formed,  it  can  hardly  be  expected  that, 
except  nnder  a  state  of  incarceration,  their  development  can  be  followed  so 
satis&ctorily  as  that  of  the  slow-moving  Bhizopod.  Instances  do  occur,  how- 
ever, where  the  ovules  gain  the  dlium  within  tiie  cell,  and  there  bound  about 
when  fully  developed  l^e  the  zoospores  of  Algae  within  their  spore-capsules. 
In  this  way  I  have  seen  them  moving  rapidly  within  the  efiete  transparent 
ctpsoled  body  of  E,  viridis  and  in  CrumenvJa  texta,  where  the  spiral-fibre 
Isjer  is  so  strongly  developed  as  to  retain  the  form  of  the  Euglena  for  a  long 
time  afW  all  the  soft  parts  have  perished.  On  these  occasions  the  embryos 
Me  perfectly  colourless,  with  the  exception  of  a  central  point  which  reflects  a 
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red  tint ;  and  on  one  occasion,  while  watching  a  litter  in  rapid  motion  within 
the  encysted  body  of  E,  vlridis,  the  capsule  gave  way,  and  tiicy  came  out  one 
after  another  just  as  zoospores  escape  from  the  spore-capsule  ;  hut,  from  their 
incessant  and  vigorous  movement,  I  was  unable  to  follow  them  long  enough 
to  make  out  anj-thing  more  about  them." 

This  same  observer,  moreover,  refers  to  a  rhizopodous  development  of  the 
nucleus  of  *Euglena,  whereby  the  form  of  an  "  actinophorous  Mhlzopod  "  is 
assumed,  from  which,  in  his  opinion,  young  Eugl^nce  are  probably  developed. 

Pert}',  again,  records  some  original  observations  on  the  development  of 
Euglmre  from  ovules  or,  as  he  terms  them,  germs  (Keime).  At  p.  79  he 
states  that,  among  numerous  very  minute  resting  germs,  intermingled  with 
larger  individuals,  some  were  seen  to  acquire  the  faculty  of  motion,  to  stretdi 
themselves  out,  and  to  assume  the  form  of  Cercomoiias,  Between  such  and 
completely-formed  Eiujlence  every  intermediate  size  occurred.  The  motionless 
spheroidal  geims  set  free  by  the  dissolution  of  the  parent-cell  soon  develope 
a  tapering  extremity,  terminated  by  a  locomotive  filament,  at  the  base  of 
which  is  a  hyaline  space,  and  in  and  near  to  this  a  dark  speck  which  subse- 
quently changes  to  red.  The  differentiation  of  the  homogeneous  contents  of 
the  granules,  out  of  which  the  germs  are  to  be  developed,  takes  place  at  a  veiy 
early  period,  but  not  in  the  same  way  or  time  in  all  specimens ;  neitlier  do 
all  the  young  of  a  brood  attain  the  same  dimensions  and  figure  ;  indeed  but 
few  attain  a  considerable  size,  and  many  acquire  an  abnormal  figure.  For 
example,  Perty  regards  Amhlyophis  virldis  as  only  an  accidental  variety  of 
Euglena,  of  large  size  and  truncate  at  one  end ;  for  he  has  remarked  numeroos 
smaU  individuals,  derived  from  a  Eufilena,  also  Avith  a  truncated  extremity. 
Further,  he  reports  the  multiplied  varieties  in  form,  in  colour,  and  in  arrange- 
ment of  contents,  &c.,  which  occur  in  collections  of  the  same  species  of 
E^uflena,  and  adds  that  the  great  differences  exhibited  by  E,  viridis,  when  in  a 
dying  condition,  are  most  varied  and  inexplicable.  In  illustration  of  this 
opinion,  he  remarks  that  the  utmost  variety  of  form  occurs ;  or  all  the  vesicles 
and  granules  change  to  a  red  colour  or  become  transparent ;  or  the  vesicles 
vanish  and  the  green  mass  contracts  itself  into  a  small  ball,  or  otherwise  dis- 
appears, leaving  only  an  empty  shell*  In  the  last-named  state  the  stigma 
often  retains  a  black  colour.  The  empty  envelopes  frequently  accumulate  so 
as  to  form  masses  resembling  a  vegetable  cellular  tissue,  and  in  one  instance 
approached,  by  mutual  pressure,  a  regular  hexagonal  figure.  Some  such  acci- 
dental groupings  of  withered  EiigleTia-coHa  have  been,  as  Perty  believes, 
described  omder  the  name  of  Palmella  hotryoides  by  KUtzing ;  and  Cereomonas 
viridis,  and  also  probably  Bodo  viridis,  are  merely  phases  of  development  of 
Euglena  viridis. 

There  is  a  distinct  concordance  between  Carter's  and  Forty's  account  (tf 
the  development  of  the  contents  of  EugleiUB  into  minute  germinal  bodies,  or, 
as  we  may  legitimately  call  them,  microgonidia ;  and,  on  the  other  hand,  tiie 
formation  of  two-  and  four-fission  products  (in  other  words,  the  formatioii 
of  macrogonidia  from  these  beings  in  their  still-condition)  has  been  a  matter 
of  direct  observation.  Consequently  the  developmental  history  of  Euglena  is 
so  far  complete ;  and  it  only  remains  for  naturalists  to  witness  the  actual 
relation,  the  contact  and  incorporation  of  the  micro-  with  the  macrogonidia, 
to  bring  this  genus  within  the  same  pale  as  Volvox,  in  reference  to  its 
sexuality. 

Mr.  Carter  has  reverted  to  his  notes  on  the  ovules  or  germs  of  Ei(glena,  in 
his  just-published  paper  on  Eudorina  (A,  N,  H,  1858,  ii.  p.  245),  in  the 
following  remarks : — "  There  is  no  doubt  that  E,  viridis  becomes  distended 
with  the  cells  which  I  have  heretofore  described,  and  thought  to  be  ovules 
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or  embryonic  cells,  and  that  daring  this  time  the  chl<m>phyll  passes  into  red 
grains,  and  sabseqnently  disappears,  while  the  organism  is  secreting  a  oapsole 
around  itself,  and  its  original  cell- wall  passes  into  a  tough  spherical  ovisac,  so 
to  speak.  But  what  be«>mes  of  this,  if  it  be  the  result  of  impregnation,  or 
what  the  process  of  impregnation  is  like,  or  when  it  takes  place,  is  for  future 
discovery  to  determine/' 

CJdorogonium  euMorum  (PL  XX.  15-21)  was  the  subject  of  an  interest- 
ing observation  by  Weisse  (Wiegmann's  Archiv^  1848),  who  thought  he  had 
demonstrated  in  this  species  propagation  by  ova  or  germs,  and,  in  £eu^,  ela« 
ddated  in  it  the  development  of  microgoni^,  by  repeated  acts  of  self-fission 
of  the  contfflits,  just  as  in  the  spores  of  Algse.  For  instance,  he  described  the 
contained  green  matter  of  the  fusiform  being  first  to  contract  in  some  mea- 
sure upon  itself  (XX.  16),  then  to  exhibit  a  constriction  followed  by  a  line 
of  divmon  into  two  portions,  which,  by  subsequent  redirisions,  resolved  the 
whole  into  a  noduhur  mass  resembling  a  bunch  of  grapes  (XX.  17-18). 
This  grapebunch-like  mass  possessed  a  certain  mobility  within  the  enclosing 
integument;  and  as  the  process  of  development  proceeded  further,  its  se- 
veral particles  or  segments  displayed  a  movement  among  themselves,  which  in- 
ereased  in  extent  and  vigour  until  the  external  envelope  gave  way  before  it, 
and  permitted  their  escape  in  the  form  of  so  many  distinct  particles  or  beings 
(gomdia)  endowed  with  ciliary  filaments,  whereby  they  kept  up  an  active 
movement  in  the  surroimding  water  (XX.  21).  The  young  forms  produced 
exhibited  active  movements  within  the  parent-cell,  and  at  one  stage  prior  to 
their  diseharge,  when  connected  together  in  heaps,  resembled  Uvella  Bodo, 
On  the  rapture  of  the  cyst  they  escaped  freely  into  the  water  with  the  figure 
of  (Thlorogonium, 

Schneider  has  also  some  remarks  on  this  genus  (A,  N.  H,  xiv.  p.  326). 
He  could  discover  no  decided  red  speck,  although  as  many  as  twelve  reddish 
spots  were  distributed  over  the  surface  of  the  green  mass ;  a  contractile  vesi- 
cle, moreover,  eluded  his  search.  Of  the  mode  of  propagation  he  reports  that 
''  division  takes  place  in  the  interior  of  the  investing  membrane,  in  exactly 
the  same  manner  as  in  PolyUma.  The  number  of  individuals  produced  is 
nevCT  less  than  four,  but  often  as  many  as  thirty- two ;  in  the  latter  case  they 
are  very  small,  but  always  resemble  the  parent  in  other  respects.  A  spheri- 
cal state  of  rest  also  occurs.  It  appears  that,  when  the  requisite  conditions 
are  pres^it,  the  young  proceeding  from  the  division  of  the  parent  pass  into 
this  state  immediately  after  they  are  set  free, — their  soft  investing  mem- 
brane probably  rendering  them  fitter  for  this  purpose.  The  contractions 
which  then  take  place  are  probably  the  same  that  were  observed  by  Ehren- 
berg.  In  other  respects  I  have  found  the  form  unchangeable ;  and  Chlo^ 
rog&nium  must  consequently  be  separated  frt>m  the  ABtasiceay  amongst  which 
it  has  hitherto  been  arranged.  On  the  addition  of  iodine,  only  a  few  blue 
granules  are  to  be  seen  in  the  fusiform  individuals ;  the  green  spheres,  on  the 
contrary,  which  are  completely  filled  with  green  granules,  acquire  a  deep  blue 
colour  with  this  reagent :  if  the  colouring-matter  be  destroyed  by  means  of 
concentrated  sulphuric  acid,  the  granules  are  dissolved,  and  on  the  addition  of 
iodine,  a  beautifbl  blue  colour  is  produced.  By  long  keeping,  the  green  of  the 
cyst  passes  to  red.  The  cysts  are  not  to  be  roused  from  tiieir  torpid  condi- 
tum  by  the  production  of  fermentation.  I  have,  however,  observed  their  re- 
vivification under  other  circumstances ;  but  my  materials  are  insufficient  to 
enable  me  to  describe  the  mode  of  reproduction  of  the  investing  membrane 
and  filaments,  which  would  certainly  be  interesting.  The  conditions  required 
for  the  existence  of  Chlorogonium  are  apparently  quite  different  frx)m  those  of 
Polytoma:  the  former  did  not  multiply  abundantly  in  infusions  until  the 
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latter  had  passed  to  the  state  of  repose."  This  view  of  the  affinity  of  C%to- 
rogonium  accords  with  that  which  Weisse  indicates  in  the  statement  that  this 
genus  and  Qletuymorum  tingens  (species  of  Ehrenberg's  family  Monadina)  are 
but  two  phases  of  the  same  being. 

Weisse  has  appended  some  remarks  to  the  preceding  account  by  Schneider 
Miill,  Archiv,  1856,  p.  160).  He  says  that  he  witnessed  the  revivification 
of  encysted  Chlorogonia  (a  pheenomenon  unnoticed  by  Schneider)  on  placing 
some  cysts,  collected  the  preceding  year,  in  water.  The  reddish  and  pre- 
viously spherical  cysts  were  seen  to  gradually  lose  their  regular  outline  by 
the  elongation  of  one  end,  and  thereby  to  acquire  an  ovate  form.  After  a 
short  time  the  narrower  end  of  the  cyst  ruptured,  and  a  very  thin- walled 
vesicle  protruded  through  the  rent :  whilst  this  took  place,  a  movement  of 
the  contents  of  the  cyst  became  evident ;  and  after  a  while  several  constric- 
tions appeared,  which  extended  deeper  imtil  they  divided  the  whole  into  four 
portions.  For  a  time  the  protruding  sac  elongated  itself  more  and  more,  but 
ultimately,  owing  to  the  pressure  within  it  of  the  moving  particles,  gave  way 
and  allowed  their  exit.  The  escaped  sections  were,  as  a  rule,  of  pretty  uniform 
sizes,  but  had  not  the  remotest  resemblance  to  the  mature  Chlorogonium,  and 
indeed  might  have  readily  been  assigned  to  another  group  of  beings.  Their 
figure  was  elongated,  irregular,  and  often  triangular,  on  first  escaping  fixmi 
the  cyst ;  they  were  also  flexible  in  every  direction,  and  of  a  dusky  brown 
colour.  After  dispersion,  on  reaching  the  margin  of  the  drop  of  water,  they  re- 
sumed a  globular  shape,  changed  to  a  rusty  red  colour,  and  after  a  few  hours 
assumed  the  appearance  of  clear-green  spindle  or  bodo-shaped  organisms. 
Between  their  evolution  from  the  cysts  and  their  development  into  the  form 
of  Chlorogonium,  two  hours,  less  or  more,  intervened.  This  division  into  four 
segments,  representing  four  new  beings  of  Chlorogonium  progressively  evolved, 
apparently  without  actual  metamorphosis,  may  be  rightly  esteemed  an  act  of 
reproduction  by  macrogonidia,  whilst  the  breaking  up  of  the  organism  into  a 
multitude  of  zoospores,  as  previously  described  by  Weisse,  is  a  proeees  of  re- 
production by  microgonidia. 

Nature  op  Astaslsa. — It  is  with  certain  members  of  this  family  that 
Thuret  pointed  out  (Ann,  Sc.  Nat,  1850,  xiv.)  the  close  resemblance  to  the 
zoospores  of  Algse,  amounting,  as  far  as  outward  appearances  indicate,  to 
actual  identity. 

"This  affinity,"  he  says,  "is  exhibited  in  the  colour,  form,  in  the  number  and 
character  of  the  ciliary  filaments,  in  the  contents,  not  excepting  the  ocdoured 
eye-speck,  in  the  mode  of  self-fission,  and  also  in  the  power  of  locomotion. 
What  is  stiU  more,  both  zoospores  and  Aatasiofa  tend  to  the  light,  disengage 
a  gas,  most  probably  oxygen,  and  emit  a  peculiar  spermatic  odour.  However, 
by  continued  watching  the  zoospores  are  seen  to  affix  themselves  to  some  body, 
surrender  their  seeming  animal  life,  and  proceed  to  germinate,  developing  a 
tissue  similar  to  that  of  the  plant  which  gave  them  birth.  On  the  other  hand, 
the  true  Astanaay  if  they  attach  themselves,  it  is  but  for  a  time,  and  no  v^ 
pearance  of  germination  ensues.  The  closest  similarity  exists  in  the  case  of 
the  Chlamydomanas pulvisculus  {Diselmis  viridiSy  Duj.),  and  in  a  less  degree 

in  the  Eugleno! In  the  form  of  the  body,  in  that  of  the  flabelliform  ^ia, 

and  in  the  disposition  of  those  cilia,  as  also  in  the  contents  of  the  body, 
the  resemblance  is  complete.  The  movements  of  Diselmh  are  like  those  of 
zoospores :  and,  like  them,  they  tend  to  the  light.  In  one  distinct  species,  or 
rather,  in  a  particular  state  of  the  same  species,  a  very  clear  red  spot  is  dis- 
eemible,  and  a  central  globule,  very  like  in  appearance  to  the  amylaceous 
granules  so  frequent  in  the  cells  of  green  Algee.  These  Inftisoria  appear  to 
act  on  the  atmospheric  air  like  Algee  and  the  green  parts  of  other  plants,  dis- 
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engaging  a  gas  (oxygen  ?)  under  the  influence  of  light.  They  exhale  an  evi- 
dent spermatic  odour.  Their  reproduction  occurs  by  spontaneous  division, 
2-4  young  ones  being  formed  within  the  common  int^^ument.  I  have  ob- 
served the  same  mode  of  reproduction  in  the  EugUnoe,  which  act  on  the  air 
and  turn  to  the  light  like  Diselmis,  but  have  an  extren^ely  contractile  body 
changing  its  figure  every  moment,  which  will  not  admit  of  their  being  con- 
founded witli  zoospores,  and  leaves  no  doubt  of  their  animality.  This  binary 
or  quaternary  division  is  met  with  also  in  the  various  species  of  Tetrcisporce, 
which,  though  arranged  with  the  Algse,  appear  to  me  of  very  doubtful  vege- 
table nature.  In  Tetraspora  gelatinosa  I  have  recognized  green  globules,  dis- 
posed in  fours,  and  each  furnished  with  two  cilia  of  extreme  length,  which 
are  lost  in  the  gelatinous  mucus  of  which  the  frond  of  this  supposed  plant  is 
constituted.  All  these  productions,  as  well  as  G'oniwm,  Pcmdorina,  Volvo.v, 
Protocoeais  nivalis,  &c.,  present,  in  my  opinion,  chtu^cters  of  animality 
too  decided  and  too  permanent  for  it  to  be  possible  to  refer  them  to  the 
v^;etable  kingdom  ;  and  I  think  it  would  prove  more  convenient  to 
unite  them,  with  all  the  other  Infosoria  {Polygattricd)  coloured  green,  in 
one  and  the  same  group,  which  might  be  called  Cklorozoide^,  We  have 
before  noticed  the  sweeping  statement  of  M.  Agassiz,  that  all  the  mouth- 
less  Infusoria  are  nothing  but  various  forms  and  phases  of  development  of 
Algae." 

Although  many  naturalists  stoutly  claim  the  AsUmcea,  and  the  genus  Eu- 
glena  especially,  as  phCnts,  yet  others,  and  among  them  some  of  the  most 
able,  particularly  in  Germany,  still  pronounce  them  animals.  But,  as  we 
have  before  noticed,  there  are  undoubted  Euglena-iormB  which  are  actually 
phases  of  existence  of  known  plants,  and  which,  if  watched,  may  be  followed 
in  their  development  until  by  germination  they  assume  all  the  special  fea- 
tures of  those  plants ;  and,  on  ti^e  other  hand,  there  are  Euglence  which  at  no 
period  of  their  existence  can  be  seen  to  germinate,  although  they  may  exhibit 
a  plant-Kke  condition  when  encysted  and  motionless,  Hke  Protococcus  resting- 
oells. 

As  an  example  of  the  former  set  of  transitional  beings,  we  may  appeal  to 
tiie  observations  of  Itzigsohn  already  recorded  (p.  125),  showing  that,  in  the 
development  of  OsciUatorice,  minute  Chlamydomonads  are  transformed  into 
Euglence,  that  these  in  their  turn  generate  microgonidia,  which,  after  some  in- 
termediate transformations,  eventually  produce  the  *  Lepioihrix,^  and  lastly 
the  perfect  OseiUatoria,  Another  illustration  might  be  adduced  from  Cohn's 
essay  on  Protococcus  pluvialis,  in  which  he  points  out  both  an  Astasia^  and  a 
Euglena-^e  phase  of  that  unicellular  plant.  Let  it,  however,  be  noted  that 
whilst  Cohn  records  a  Euglena-'phsLse  in  Protococcus,  he  nevertheless  admits 
the  existence  of  animal  Euglenas,  distinguished  by  their  extraordinary  con- 
tractility (Entw.  p.  208).  Withal,  this  distinguished  observer's  discovery  of 
the  mutual  sexual  relation  of  micro-  and  of  macrogonidia  constitutes  (sup- 
posing these  reproductive  products,  as  seems  to  be  actually  the  case,  to  be 
generated  in  Euglmce)  an  additional  argument  for  their  vegetable  nature,  by 
bringing  them  within  the  same  category  of  organized  beings  as  Yolvox  and 
Pandorina, 

If  Mr.  Carter  be  correct  in  his  account  of  Astasia,  this  genus  can  no  longer 
remain  in  the  category  of  doubtful  organisms,  but  must  forthwith  be  trans- 
ferred to  the  anim^  langdom ;  for  he  asserts  the  existence  of  a  mouth  with 
a  complicated  buccal  apparatus  for  biting  off  and  taking  in  food,  of  a  strong 
prehensile  organ,  and  stomach-sacs.  Besides,  he  speaks  of  its  near  affinity 
with  Amoeha,  and  refers  it  to  the  Bhizopoda,  In  Euglena,  on  the  contrary,  no 
mouth-  or  stomach-vesicles  are  discoverable,  and  the  filament  is  comparatively 
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imperfectly  developed ;  hence  Mr.  Carter  allies  this  geniis  rather  with  the 
zoospores  or  gonidia  of  Algse,  and  assumes  that  it  must^  like  other  mouthless 
orgam'sms,  derive  its  nutrition  through  endosmosis.  Cohn,  on  the  other 
hand,  although  cognizant  of  many  plant-like  features  in  EugUna,  cannot  ac- 
quiesce in  detachmg  it  from  animalcules,  because  of  its  great  contractility 
and  of  the  fact  that  there  are  undoubted  animals,  such  as  Opalina,  Bhizopodu, 
Gregarina,  Trematoda,  &c.,  which  want  the  special  animal  characteristic  of  a 
mouth. 

Mr.  Carter  would,  it  seems,  recognize  both  Euglena  and  Astasia  as  dose  alli^ 
with  Amoeba, — an  aflinity  remarked  by  Ehrenberg,  who  placed  the  family  As^ 
tasicea  between  Chsterina  and  Amoebae,  treating  the  variability  of  the  form  of 
the  body  as  a  leading  characteristic.  Indeed,  the  first-named  observer  alludes  to 
an  actual  transition  of  Astasice  into  Amcebce,  in  the  following  paragraph  (A. 
N.  H,  xvii,  1856,  p.  115) : — "  Young  Astasias  are  developed  within  the  cells 
of  Spirogyra  to  a  great  extent ;  and  although  they  at  first  have  almost  as 
much  polymorphism  as  an  Amcebaf  still  they  retain  their  cilium,  and  after  a 
while  assume  the  form  and  movements  peculiar  to  Astasia.  1  might  here 
mention  that  on  one  occasion  I  saw  a  large  Amoeba  with  a  long  cilium  at  one 
time  assuming  the  form  of  Astasia,  and  at  another  that  of  Amc^,  which  thus 
gives  us  the  link  between  these  two  Infusoria.  The  cilium,  however,  had  not 
the  power  of  the  filament  of  Astasia,  though  it  occasionally  became  terminaL" 
At  a  previous  page,  a  rhizopodous  development  of  the  contents  of  EtAglenct 
into  granuliferOus  Amoebae  of  a  pinkish  colour  has  been  adduced  as  a  faud 
noticed  by  the  same  observer. 

We  need  not  stay  to  examine  the  vital  endowments  and  habitats  of  Uie 
Astasioe ;  for,  except  the  fects  occurring  in  the  preceding  history  of  the  family, 
and  in  the  general  account  of  Phytozoa,  there  is  nothing  important  to  adduce. 
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Sect.  III.— OF  TILE  PROTOZOA- 
(Plates  XXI.-XXXI.) 

Tab  term  Jhrotdzoa,  borrowed  from  two  Greek  words,  proto$,  first  or  pnnii- 
tiTe,  and  zoon,  an  animal,  has  of  late  been  very  generally  adopted  to  sig^nifj 
the  simplBst  forma  of  animal  life.  Upon  a  review  of  these  rudimentary 
animals,  it  is  at  once  perceived  that  they  differ  among  themselves  in  oi^i^aniza- 
tion — ^that  whilst  some  are  amorphous  and  almost  homogeneous,  others  exhibit 
a  degree  of  differentiation  of  parts,  and  the  first  vestiges  of  internal  organs  to 
cany  on  the  processes  of  life ;  again,  it  is  seen  that  some  have  a  distinct  orifice 
for  die  admission  of  food,  or  a  moutii,  which  in  others  is  absent,  and,  lastly, 
that  some  with  a  definite  figure  are  moved  by  vibratile  cilia,  whilst  others 
slowly  progress  by  the  alternate  protrusion  and  retraction  of  ever-changing 
and  changeable  processes  derived  from  the  general  mass  of  their  body. 

From  a  consideration  of  these  structural  differences,  one  division  of  the 
Protozoa  is  suggested  into  those  moved  by  cilia,  and  those  moved  by  variable 
processes  or  'pseudopodes ' ;  and  a  second,  into  those  furnished  with  a  mouth, 
and  those  which  are  mouthless.  We  have  accordingly  constituted  two  pri- 
mary divisions,  viz.,  1.  Ciliata,  Protozoa  moved  by  cilia ;  and  2.  Rhlzopoduy 
moved  by  variable  processes.  The  Bhizopoda  (XXI.)  are  all  mouthlcKs,  or 
'  astomatous,'  whilst  the  Ciliaia  (XXTV.-XXX.)  have  a  mouth,  and  are 
styled  by  Siebold  *  Stoinatoda,^  with  the  exception  of  a  small  family,  the 
Opalincea  (XXII.  46,  47),  and  perhaps  also  of  that  of  the  PeridinUwa 
(XXXI.  lft-23). 

However,  besides  the  beings  usually  included  among  the  Ciliaia  and  Bhizo- 
poda, there  are  several  subordinate  Protozoic  groups,  some  of  which  either 
stand  as  it  were  midway  between  them,  or  represent  a  development  of  the 
amorphous  and  mouthless  Bhizopoda  in  a  different  direction ;  such  are  the 
Or^garinida  (XXII.  28-36),  with  the  associated  Psorogptrmia  (XXII.  37- 
41),  the  Spongtada,  ThakusicoUida,  and  Polycysiina,  aU  which  must  rightly 
also  be  numbered  with  the  Protozoa, 

Of  the  CiLiATA  themselves,  there  is  a  further  and  higher  development  of 
their  type  in  the  subordinate  groups  of  Ichthydina  (XXII.  40-47)  and  Noc- 
Hludda  (XXXI.),  and,  on  the  other  hand,  a  degradation  of  it,  as  already 
noted,  in  the  case  of  the  Opaliruea  and  Peridiniaa,  Here  we  would  remark 
that  the  term  *  Infusoria*  has  been  employed  by  several  writers,  in  lieu  of 
that  of  Ciliaia,  which  we  adopt ;  still  it  is,  to  our  mind,  both  less  appropriate, 
and  also  open  to  objection,  not  only  on  account  of  its  meaning  being  quite 
indefinite,  but  also  by  its  having  everywhere  acquired  a  very  much  wider 
signification,  in  consequence  of  which  it  will  always  be  open  to  misconception 
when  applied  to  a  comparatively  very  smaU  class  instead  of,  as  heretofore,  to 
a  very  various  and  wide  collection  of  microscopic  organisms.  Another  word 
invented  is  *  Stomaioda,*  which  is  precisely  equivalent  in  the  extent  of  its 
signification  with  the  term  Ciliaia^  the  mouthless  families  only  being  excluded. 

Excepting  their  subordinate  groups,  the  organisms  comprehended  among 
the  Ciliaia  and  Bhizopoda  formed,  in  conjunction  with  the  Desmidiea?,  Dia^ 
ionuo!,  and  the  &mihe8  we  have  brought  together  under  the  appellation 
Phtftozoa,  the  great  class  Polygastrica  in  the  system  of  Ehrenberg.  Little 
reflection  is  necessary  to  convince  ourselves  of  the  very  heterogeneous  nature 
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of  the  collection  of  living  objects  assembled  in  that  class ;  and  even  Ehrenberg 
himself  would  never  have  suggested  such  a  grouping,  had  he  not  imbibed  the 
hypothesis  of  a  pervading  uniformity  of  organization  possessed  by  the  simpleBt 
animated  beings  in  conmion  with  animals  considerably  advanced  in  the  scale, 
and  under  its  influence,  aided  by  his  imagination,  found  in  all  these  varioiis 
organisms,  a  polygastric  structure,  viz.  an  apparatus  of  numerous  stomach- 
sacs,  communicating  directly  or  indirectly  with  the  mouth.  Notwithstanding 
the  many  prominent  errors  in  Ehrenberg's  classification,  he  rightly  recognized 
in  framing  it  the  value  of  the  external  means  of  locomotion,  and  distinguished 
a  group  of  Polygastrica  under  the  name  of  Pieudopoda, 

Siebold,  who  proposed  the  term  Protozoa,  limited  it  to  two  classes,  distin- 
guished as  the  *  In^isoria '  and  the  *  Ehizopoda  %  omitting  the  supplementary 
groups  above  mentioned.  The  Inftisoria  he  divided  into  two  orders,  the 
*  Astoma  *  and  *  Stomatoda/  the  latter  of  which,  together  with  two  of  the 
three  families  of  Astoma,  is  equivalent  to  our  class  Ciliata,  its  remaudng 
family  Astasiasa  being  a  member  of  our  group  of  Phytozoa, 

The  Protozoa,  as  understood  by  us,  may  be  thus  exhibited  at  one  view. 

CiLIATA.  BhIZOPODA. 

Astoma      fOpalinaea  a,  Amoebna 

\  Peridiniaea  (?)  b.  MonothaUunia  or  Monosomatia 

b.  Stomatoda  , 


c.  Polythalamia,  Poly8omatia>  or 
Foraminifera. 


Ichthydina 
Noctilucida 


Gr^arinida 
Psorospermia 

r  PolycjBtina 

.Supplementary  groups \  ThaUuBsiooUida 

[Spongiada 


In  treating  of  these  several  classes  and  groups  we  shall  commence  with 
the  Ehizopoda,  omitting,  however,  lest  our  subject-matter  be  too  much  ex- 
tended, the  Polycystina,  Thahissicollida,  and  Spongiada  ;  we  shall  next  pro- 
ceed with  a  brief  description  of  the  Oregarimda,  and  its  subordinate  family 
Psorospermia,  and  then  after  considering  the  Opalinoea  and  Pertdiniaa  as 
intermediate  groups,  proceed  to  detail  the  history  of  the  perfect  CiUata — 
the  Stomatoda, — &iishing  our  account  with  the  Ichthydina  and  NoetQumda 
as  the  highest  developments  of  Protozoic  life. 

As  a  result  of  our  inquiry,  we  shall  see,  on  the  one  hand,  in  the  true 
Ciliata,  simple  animal  organized  matter,  with  a  very  slight  amount  of  differ- 
entiation, attain  its  acme  of  development  in  the  VorticelUna,  and  in  these 
animalcules  exhibit  a  superiority  in  organization  above  the  lowest  links  of 
groups  relatively  higher  in  the  chain  of  animal  life ;  and,  on  the  other  hand, 
in  the  Ehizopoda,  of  still  simpler  organization,  the  same  oiganic  living 
material  developed  in  a  totally  different  direction  to  a  maximum  in  the  most 
beautiful  and  complex-shelled  Foraminifera,  which  in  outward  form,  although 
in  no  real  homology,  emulate  the  highest  class  of  Invertebrata,  viz.  the 
Cephalopoda. 

Another  lesson  may  also  be  derived  from  the  objects  of  our  present  study, 
viz.  the  fact  of  the  marvellous  variations  which  can  be  made  out  of  one  or,  it 
may  be,  two  elementary  structures.  Thus  the  simple  contractile  substance  which 
can  live  independently  in  the  Amoeba  condition  (XXI.  1~4 ;  XXII.  1-23) 
encases  itself  in  a  one-chambered  shell  in  the  Monoihalamia  (XXI.  6-19), 
and  into  a  many-chambered  one  in  the  PolythaJamia  (XXI.  20-36),  and  again 
lives  partly  within  and  partly  without  the  curious  silicious  skeleton  of  Poly- 
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cjf$iina,  and  in  fdngwlar  relation  with  a  spicnla  skeleton  in  Spongiada  and 
Thaiaaieollida, 

So,  if  we  look  to  the  Ciliata,  we  find  that  the  hardening  of  the  superficial 
lamina  of  their  substance  into  a  sort  of  integument  gives  rise  to  numerous 
modifications  in  external  form  and  functions,  according  to  the  d^ree  of 
indoration,  and  the  processes  sent  out.  llie  flexible-skinned  Colpodea 
(XXIX.  25-50)  depend  for  their  movements  upon  their  garniture  of  vibratile 
dUa,  and  are  merely^  swimmers,  whilst  the  hard-coated  Euplota  (XXV.  350- 
358)  produce  short  moveable  processes  which  act  as  legs,  upon  which  they 
can  rapidly  creep.  Lastly,  the  selfeame  primitive  contractale  substance  is 
formed  into  a  stem  in  the  VorttceUa,  which  supports  the  animalcule  at  its 
apex,  and  exhibits  helicoid  contractions,  astonishing  both  by  their  rapidity 
and  completeness. 

SUBSECTION  I.— KEIZOPODA. 
(Plates  XXI.  XXn.) 

The  true  Bhizopoda  constitute  a  large  class  of  microscopic  animated  beings 
of  the  most  simple  character.  They  may  be  defined  as  non-dliated  Protozoa 
moTing  by  variable  expansions.  Their  organic  animal  substance  presents  no 
distinction  of  tissues  or  of  organs,  but  is  homogeneous,  contractile,  and  trans- 
laoent,  resembling  a  tenacious  mucus  or  soft  tremulous  jelly,  and  is  perpetually 
changing  its  form  by  expanding  itself  at  one  or  several  points  into  processes 
of  ever- varying  dimensions,  arrangement,  and  number,  and  called  in  conse- 
quence '^  variable  processes."  Inasmuch,  moreover,  as  these  shifting  ofiGshoots 
are  their  only  means  of  locomotion,  they  have  frequently  been  called  '^  feet," 
and,  as  they  are  also  characteristic  of  the  class,  have  given  origin  to  the  terms 
**  P$e^td4>poda  "  (with  false  feet)  and  "  Ehizapoda  "  (root-like  feet)  to  desig- 
nate it.  Again,  the  living  mass  is,  in  numerous  instances,  capable  of  enclos- 
ing itself  by  a  shell  of  various  figure,  consistence,  and  complexity ;  and  such 
variaticms  serve  to  separate  the  Ehizopoda  into  families  and  genera. 

In  the  amplest  shell-less  beings  (XXI.  3,  4),  vitality  is  exhibited  by  the 
dow  protrusion  and  retraction  of  the  variable  processes,  by  the  change  of 
form,  their  onward  movement,  and  the  introduction  of  nutritive  substances, 
and  by  the  gradual  changes  of  the  introduced  matters  indicating  a  digestive 
act.  They  therefore  manifest  vital  contractility,  a  power  of  locomotion,  a 
degree  of  sensibility,  and  a  digestive  process. 

Repeated  observation  likewise  rev^iJs  the  fact  of  progressive  growth,  and 
the  &culty  of  reproduction.  The  testaceous  forms  exhibit  their  vitality 
after  Uie  same  manner,  and  surpass  the  naked  Rhizopoda  only  in  the  mar- 
vdlous  power  of  secretion  displayed  in  the  production  of  their  shells  (XXT. 
e^36). 

Although  in  organization  the  Rhizopoda  stand  even  below  the  ciliated 
Protozoa,  yet  an  animal  nature  must  be  allowed  them ;  indeed  the  simplest 
forms  are  the  rudest  specimens  of  animal  existence.  Under  the  term  Bhizo- 
poda  are  comprised  three  well-marked  femilies,  viz.  the  Amcebina  or  Amcehcga^ 
which  are  without,  and  the  Monothalamia  and  the  Foramimfera,  with  shells. 
The  Monothalamia  have  one  large  opening  to  their  monolocular  (one-celled) 
shells  (XXI.  6-17) — ^henoe  the  name, — ^whilst  the  Foraminifera  owe  their  de- 
signation to  the  existence  of  numberless  small  orifices,  generally  distributed 
over  a  multilocular  (many-celled  or  chambered)  testa  (XXE.  20-36). 

We  have  frequently,  in  the  following  pages,  used  the  term  Arcellina  as 
synon3rmous  with  Monothalamia ;  for  although  the  family  known  to  Ehrcnberg 
under  that  name  comprehended  only  a  portion  of  the  genera  that  Schultze 
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arranges  in  his  group  of  single-chambered  or  monolocular  shells,  yet  its 
meaning  may  be  equally  extended. 

It  woidd  probably  have  been  correct  to  have  placed  the  Acinefina  (XXIII.) 
among  the  Rhizopoda,  as  another  family  closely  allied  to  the  Amoebina ;  but 
the  detail  of  their  peculiarities  would  have  too  much  embarrassed  the  general 
description  of  structure  which  we  have  endeavoured  to  give  of  all  the  usually 
acknowledged  or  true  Rhizopoda ;  we  have  therefore  preferred  to  deeeribe 
them  as  a  subclass  in  the  following  chapter. 

The  examination  of  the  Rhizopoda  requires  to  be  conducted  with  great  caxc 
and  skill, — ^a  requirement  sufficiently  illustrated  by  reference  to  the  entmeous 
notions  and  descriptions  of  the  older  observers.  They  must  be  viewed  in  all 
positions  under  different  degrees  and  modes  of  illumination,  by  reflected  as 
well  as  by  transmitted  light,  and,  especially  in  the  case  of  ttie  testaceooa 
varieties,  after  submitting  them  to  pressure  and  to  the  action  of  various 
chemical  agents,  or,  when  sufficiently  large,  after  making  sections  of  them  in 
different  directions. 

The  organic  living  mass  of  aU  Rhizopoda  is  alike,  and  corresponds  with  the 
'*  Sarcode  "  of  ciliated  Protozoa  and  with  the  amorphous  contractile  substance 
of  Hydra  and  of  other  low  oiganisms.  It  appears  in  the  present  class  a  con^ 
tractile,  highly  elastic,  colourless,  almost  fluid  mucus,  hydine  or  diaphanous, 
homogeneous,  and  in  refracting  power  differing  littie  from  water.  No  di- 
stinction into  an  enclosing  firmer  membrane  or  integument  and  contents  is 
discoverable ;  and  cilia  are  never  found.  These  characters  exist  in  entirety 
only  in  very  young  animals.;  for  at  a  very  early  period  molecules,  granules, 
and  globules  or  vesicles,  and  various  foreign  particles,  make  their  appear- 
ance, diminish  the  transparency,  and  often  impart  colour. 

A  new  species  of  Amcebaf  figured  by  Schultze,  the  A,  glohularis^  is  repre- 
sented as  having  a  thin,  transparent,  colourless  lamina  of  contractile  substance, 
from  which  the  processes  are  given  off,  and  which  surrounds  a  globular,  co- 
loured, and  granular  chief  or  nuclear  mass  (XXI.  1,  2).  A  similar  distribution 
of  the  substance  of  an  Amceha  into  a  hyaline  colourless  cortical,  and  a  granu- 
lar coloured  medullary  portion,  is  represented  by  the  same  author  in  smother 
species ;  and  it  is  moreover  a  structure  homologous  with  that  in  the  allied 
genus  Actinophrys  (XXIII.  28,  29).  As  to  the  assigned  character,  of  the 
animal  sarcode  being  destitute  of  a  distinct  investing  membrane  or  integu- 
ment, the  shell  produced  by  the  testaceous  forms  might  be  considered  equiva- 
lent to  one ;  and  if  some  observations  hereafter  alluded  to  be  correct,  a  re- 
sistant int^:ument  among  the  Rhizopoda  must  be  admitted  as  an  established 
fact. 

It  is  possible  that  in  some  instances  the  organic  substance  has  a  colour  of 
its  own ;  for  instance,  Ehrenberg  describes  Amoeba  princeps  as  having  a  yellow 
colour.  However,  in  general  the  occurrence  of  colour  is  consequent  on  that 
of  granules,  and  on  the  introduction  of  food  ;  and  observation  proves  that  the 
depth  of  colour  augments  with  age,  and  is  otherwise  in  direct  relation  with 
thfr  abundance  of  food.  The  colour  is  usually  pretty  uniformly  difFosed. 
Schultze  shows  this,  and  also  its  relation  with  the  thickly-distributed  minute 
granules,  in  many  Miliolidaff  JRotalida?,  and  Oromiae.  Id.  larger  species  (he 
adds),  such  as  PolystomeUa  strigilata  and  Qromia  oviformis  (XXI.  16),  the 
colour  occurs  in  scattered  and  much  larger  particles  or  vesides ;  yet  under 
what  form  soever  found,  it  is,  in  the  case  of  the  many-celled  or  chambered 
Foraminifera,  deepest  in  the  oldest  cells,  and  progressively  fades  on  approach- 
ing those  most  recentiy  formed,  the  last  being  commonly  quite  colourless 
(XXI.  28, 33,  36).  Experiment  also  showed  that,  by  depriving  the  animals 
of  food  which  could  convey  colour,  other  chambers  than  the  last  lost  their 
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tmt,  and,  tnce  versd,  that  by  feeding  them  abundantly  with  such  food,  even 
the  animal  substance  of  the  ultimate  cell  acquired  colour.  Irr^^ular  accu- 
mulations of  colouring  particles  in  the  ultimate  chamber  are  of  rare  occur- 
rence.    Ehrenberg  has  figured  such  in  Nonionina  germanica. 

The  colourless,  or  almost  colourless  Rhizopods,  principally  Anuxhas,  are, 
owing  to  their  transparency,  Tisible  with  difficulty,  and  require  nice  adjust- 
ment of  the  microscope  and  of  the  light  to  demonstrate  their  vitality  and 
movements. 

Concerning  the  chemical  relations  of  the  organic  substance,  it  is  stained 
jneflow  or  yellowish-brown  by  solution  of  iodine,  like  other  proteine  matters, 
and,  according  to  Schultze,  is  unaltered  by  diluted  acetic  acid,  is  sHghtly 
hardened  by  a  dilute  solution  of  the  alkalies,  and  more  so  by  one  of  the  car- 
iKmates.  Moreover,  its  resistance  to  chemical  action  would  seem  to  differ 
in  different  species ;  for  the  Oramia  Dujardinii  was  the  least  affected  of  se- 
veral animals  experimented  on. 

"The  colouring-material,"  to  quote  the  same  writer, "  assumes  by  the  action 
Off  sulphuric  and  of  hydrochloric  acids  an  intense  verdigris  green,  and  by 
that  of  nitric  add,  first  a  green  and  then  a  yellow  tint.  Concentrated  sul- 
phuric acid  destroys  the  coloured  substance,  but  when  combined  with  sugar, 
renders  it  green.  By  concentrated  solutions  of  potash  and  soda,  the  coloured 
granules  are  dissipated  without  change ;  and  in  ether  and  alcohol  they  are 
readily  and  completely  dissolved.  In  these  reactions  the  colouring-matter 
agrees  with  DicUomece,  from  which,  no  doubt,  it  is  derived  in  the  form  of  food." 
No  d^nite  figure  can  be  said  to  belong  to  the  animal  portion  of  the  Bhi- 
zopoda,  owing  to  its  capability  of  throwing  out  processes  in  every  direction, 
of  various  dimensions  and  in  different  numbers,  changing  them  abnost  every 
moment.  Auerbach,  however,  asserts  of  the  Amcebce  that  they  have  normally 
a  spherical  fiigure.  Dr.  Bailey  has  pointed  out  the  infiuence  of  pressure  from 
within,  due  to  the  various  articles  swallowed,  in  modifying  the  figure.  The 
Amcebce^  being  untrammelled  by  a  shell,  exhibit  the  Protean  changes  of  form 
in  the  highest  degree,  whilst  the  completely  enclosed  Foraminifera  present 
them  in  the  lowest.  In  the  latter  the  organic  mass  must  follow  the  windings 
of  the  cavity  of  the  shell  (XXI.  24),  and  can  escape  only  j&x)m  the  foramina 
(holes)  as  thread-hke  filaments,  in  the  form,  extension,  and  subdivisions  of 
which  great  latitude  prevails.  We  have  said  that  the  sarcode  of  Poh/ihala^ 
mia  foUows  the  windings  or  adapts  itself  to  the  figure  of  each  segment  of  the 
shell,  and  has  actually  no  figure  of  its  own.  However,  when  separated  from 
its  calcareous  investment  by  means  of  an  acid,  it  retains  the  outline  originally 
imposed  on  it.  Thus  (XXI.  24)  Schultze  exhibits  the  sarcode  substance  of  a 
MUiola  80  separated,  which  shows  a  constriction  at  each  half  turn  of  the  spiral 
and  the  delicate  membrane  whidi  invests  it  or  lines  the  shell.  So,  again,  Dr. 
Caipenter,  in  his  description  of  Orbitolites,  states  that  the  soft  sarcode  body  is 
Blade  np  of  a  number  of  segments  equal  and  similar  to  each  other,  and  arrai^^ 
in  concentric  zones  around  a  central  nucleus.  Among  the  Amcebce  the  varia- 
ble processes  may  either  be  protruded  at  one  time  from  every  portion  of  the 
little  mucoos  mass,  so  that,  as  Ehrcnberg  remarks  of  the  A^nceba  radiosa,  it 
may,  when  fully  outspread,  be  Hkened  to  a  miniature  porcupine ;  or,  otherwise, 
they  may  be  produced  chiefly  or  entirely  frt>m  one  side ;  or,  as  when  the  ani- 
mal is  moving,  they  are  thrown  forward  in  the  direction  it  is  progressing,  and 
retracted  on  ihe  opposite  side.  Among  many  Monoihalamia  the  bulk  of  the 
living  mass  issnes  tSirough  the  one  lai^ge  orifice,  and  can  spread  out  in  a  similar 
manner  to  the  free  Amahina, — ^the  shell,  according  to  the  direction  of  the 
psendopodes,  reetiiig  in  the  centre  of  the  inesh  or  on  one  side.  The  Forami- 
mfera  have  a  like  capacity  of  extruding  their  processes  in  one  direction  rather 
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than  in  another,  or  in  all  directions  together ;  and  accumulations  of  their 
mucous  substance,  or  fusions,  may  take  place  on  any  one  side.  In  this  fGunily 
the  filiform  fibres  are,  as  a  rule,  not  seen  protruded  at  any  one  time  through 
all  the  pores  perforating  the  shells. 

Many  genera  have,  besides  the  generally-distributed  small  foramina,  a  larger 
orifice  in  the  ultimate  chamber ;  such  is  seen  in  JRotalia  and  Textilaria^  In 
these,  says  Schultze,  it  may  be  remarked  that  the  processes  first  thrown  oat 
come  principally  from  the  large  openings,  ajid  frequently  a  considerable  time 
elapses  before  lie  numerous  fine  pores  give  exit  to  fibres.  Often,  again,  the 
filaments  are  extended  only  from  the  two  or  three  last-formed  cells.  Yet 
after  long  lying  undisturbed,  fibres  may  be  seen  proceeding  from  every  part 
of  the  surface  of  the  finely  porous  shells.  Still  the  question  requires  fbrther 
examination,  to  decide  whether  the  processes  can  be  extruded  through  all  the 
foramina  or  only  through  some  of  them  in  certain  places.  However,  as 
Schultze  remarks,  the  universal  porosity  would  seem  without  a  purpose  if  it 
does  not  give  vent  to  the  contained  substance  at  aU  points. 

The  processes  of  PoJyihalamia  attain  the  greatest  length  and  fineness,  and 
often  constitute  a  network  of  several  hnes  in  diameter, — the  shell  of  the  ani- 
mal occupying  the  centre,  like  a  spider  lodged  in  the  middle  of  its  web.  The 
length  of  such  fibres  not  imcommonly  exceeds  twelve  times  the  diameter  of 
the  shell.  The  processes  of  most  Monothalamia  are  not  so  numerous,  and  do 
not  equal  on  an  average  those  of  the  Polythalamiay  whilst  those  of  the  Antoehce 
are  mostly  shorter  and  broader.  The  length,  number,  and  fineness  of  the 
processes,  together  with  their  mode  of  termination,  supply,  imder  considera- 
ble limitations,  characters  for  dLBtinguishing  species  chiefly  of  the  Amcdnna, 
and,  in  a  less  degree,  of  the  single- chambered  testaceous  Rhizopoda. 

The  ever-fluctuating  form  of  the  animal  mass  and  of  its  process^  is  ex- 
pressed by  the  term  "  polymorphism,^^  It  is,  as  before  noticed,  a  well-marked 
character  of  Bhizopoda,  although  not  restricted  to  them ;  for  the  like  is  exhi- 
bited by  the  yolk-cells  of  Planaria,  and  by  detached  fragments  of  the  substance 
of  Hydra ;  in  feujt,  illustrations  are  not  wanting  in  the  vegetable  kingdom. 

The  phaenomenon  of  polymorphism  would  seem  to  discountenance  the  hy- 
pothesis of  the  presence  of  a  limiting  membrane  or  skin.  Ehrenberg  described 
a  resistant,  very  elastic,  and  contractile  integument,  and,  to  explain  the  vari- 
ability of  flgure  and  the  extension  of  the  pseudopodes,  supposed  a  relaxation 
or  suspension  of  the  natural  contractility  of  the  integument  at  the  extending 
point,  and  a  consequent  passive  yielding  before  a  pressure  from  within  exerted 
by  the  contained  substance.  This  explanation  he  endeavoured  to  illustrate 
by  comparing  the  process  with  the  formation  of  a  hernia  or  rupture, — a  com- 
parison, by  tiie  way,  involving  an  effort  of  imagination  to  discover  any  simi- 
larity between  the  two  occurrences.  Thus  he  remarks  of  Amoeba  prmeeps 
that  **  its  normal  shape,  if  such  it  can  be  said  to  possess,  is  globular ;  but  it 
can  relax  any  portion  of  its  body,  and  contract  the  rest,  so  as  to  force  the  in- 
ternal substance  down  into  this  relaxed  portion,  which  thus  becomes,  as  it 
were,  a  hernial  tumour."  This  notion  is  opposed  by  the  results  of  observa- 
tion. The  very  characters  of  the  processes,  their  great  length  and  fr^ueni 
tenuity,  their  branching,  adhesion,  and  coalescence  contradict  the  assump- 
tion ;  and  the  fact  of  their  not  uncommon  extensoin  from  all  sides  of  an  ani- 
mal involves,  as  a  consequence  of  Ehrenberg's  hypothesis,  a  belief  in  the 
exertion  of  internal  pressure  in  opposite  directions  at  the  same  time.  Other 
evidence  of  the  error  of  this  hypothesis  is  found  in  the  following  facts,  vix. 
the  adhesion  and  entrance  of  foreign  bodies  at  any  part  of  the  sarcode  sub- 
stance, the  cohesion  of  two  individuals,  and  that,  as  pointed  out  by  Dujardin, 
when  the  gelatinous  mass  of  an  Amoeba  is  torn  or  cut  across,  no  escape 
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of  a  contained  softer  matter  or  of  granulee  takes  place,  but  each  segment  con- 
tracts on  itself  and  continues  to  live,  and,  again,  that  when  a  Rhizopod  it 
thi^en  about,  its  procesises  become  flexuous,  and  float  loosely  instead  of  being 
withdrawn  within  the  general  mass,  as  should  happen  if  a  general  contractile 
integument  enveloped  it.  Among  the  Amocbce  generally,  a  distinct  hyaline 
eortical  substance  is  found  enveloping  the  interior  more  fluid  matters,  and 
restraining  their  escape.  (See  afterwards,  on  shells  of  Monothalamiay  excep- 
tional forms  noticed  by  Dujardin  and  Bailey,  and  the  researches  of  Auerbach.) 

Although  an  integument  be,  therefore,  no  part  of  the  structure  of  Rhizopoday 
yet  their  soft  substance  is  capable,  as  is  shown  best  in  the  Amcebinay  of  resist- 
ing internal  pressure,  such  as  that  from  silicious  shells  oiDiatomece  and  other 
hcurd  substances,  which  oftentimes  cause  irregular  and  sharp  projecticms  during 
the  movements  of  the  animals,  but  yet  very  rarely  perforate  Uiem.  On  the 
other  hand,  Ehizopoda  become  sometimes  impaled  upon  the  rigid  fibres  of 
plants  or  other  substances,  and,  though  thus  transfixed,  will  move  from  one 
extremity  to  the  other,  without  any  apparent  inconvenience  or  injury.  This 
circumstance  has  been  long  noticed  in  the  case  of  the  Amoeba ;  and  Schultze 
has  figured  a  specimen  of  a  testaceous  Khizopod — the  Gromia  Dujardimi 
— penetrated  by  a  large  curved  hair. 

Dr.  Auerbach,  in  a  recent  £ssay  on  the  Anwebaa  {Zeitsekr,  1855,  pp.  365- 
430),  has  advanced  the  statement,  from  observation,  that  aU  the  AmwbcB  are 
enclosed  by  an  adhesive,  elastic  and  structureless  membrane  or  integument. 
This  fact  has,  he  says,  been  so  universally  overlooked  by  reason  of  ti^e  diffi- 
culty in  determining  it,  and,  where  caught  sight  of,  has  been  misinter- 
preted, as,  for  instance,  by  Schneider  {Mulhr's  Archiv,  1854,  p.  201),  who 
represents  Amo^  enclosed  by  a  membrane  as  being  in  a  state  of  '*  rest/'  or 
oicysted. 

Auerbach  makes  particular  reference  to  two  new  species  discovered  by  him^ 
as  illustrative  of  the  presence  of  an  integument,  viz.  A.  bih'mbosa  (XXII.  7- 
11),  and  A.  ctcHnophora  (XXTT.  13),  in  both  of  which  he  detected  a  doable 
peripheral  line.  But  besides  this  evidence  he  appeals  to  the  effects  of  reagents, 
of  acetic  or  of  diluted  sulphuric  acid  and  alkaline  solutions,  both  on  the  species 
just  cited  and  on  others  well  known — for  instance,  A,  princeps — ^in  demon- 
strating the  membranous  investment  And  what  seems  at  least  very  strange, 
we  might  say  quite  inexplicable,  he  asserts  that  upon  all  the  processes,  how- 
ever branched,  anastomotic,  or  fine,  this  membrane  is  extended  to  their  very 
extremities ;  for  on  adding  a  dilute  alkaline  solution  to  Amogba  radiosay  the 
granular  and  molecular  contained  mass  became  shrunken,  and  retreated  to- 
wards the  centre,  leaving  the  figure  of  the  animalcule  with  aU  its  processes 
as  before  the  ad^tion,  the  latter  appearing  as  tubules  with  closed  ends,  which 
ruptured  by  over-extension. 

This  same  author  accounts  for  the  entrance  of  solid  particles  from  without 
by  imagining  the  integument  to  rupture  to  receive  them,  and  then  to  dose  on 
them  so  as  to  leave  no  trace  of  the  proceeding.  Further,  the  membrane  is 
not  soluble,  at  the  ordinary  temperature,  in  acetic  nor  in  mineral  acids,  nor 
in  dilute  alkaline  solutions,  and  therein  agrees  with  the  tissue  noticed  by 
Cohn  in  Paramecium  and  other  Oiliata  (vide  chap,  on  Ciliata),  and  with  the 
cell-membrane  of  animal  cells. 

These  observations  of  Dr.  Auerbach  are  well  deserving  attention,  although 
we  are  indisposed  to  accept  them  in  their  entirety.  The  wonderful  poly- 
morphism, the  coalescence  of  processes,  and  the  particulars  alluded  to  above 
(p.  204)  as  inconsistent  with  the  presence  of  an  integument  need  not  be 
again  adduced  in  argument.  What  is  desirable  is,  that  observations  should 
be  multiplied  on  this  subject,  which  is  one  that  strongly  commends  itself  to 
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the  notice  of  microscopists  on  account  of  its  bearing  on  the  question  of  cell- 
constitution. 

The  variable  processes  serve  the  Bhizopoda  for  locomotive  oigans.  An  ex- 
pansion is  thrown  out  in  advance,  into  which  a  constant  influx  of  ihe  saroode 
substance  sets, — ^whilst  in  the  opposite  direction  a  counter-current  occurs, 
effecting  the  retraction  of  the  posterior  processes.  This  onward  flow  of  the 
substance  of  the  body  proceeds  until  at  length  the  whole  is  transferred  into 
the  advanced  process,  moving  from  its  base  to  its  termination.  In  this  manner 
the  animal  progresses,  the  space  passed  over  equalling  the  length  of  the  ex- 
pansion it  protrudes.  This  method  of  locomotion  may  be  designated  creep- 
ing or  crawling,  and  is  the  only  one  with  which  this  dass  of  animals  is  en- 
dowed. The  consequence  is  that  they  are,  as  a  rule,  to  be  only  found  adherent 
to  solid  bodies,  and  caonot  move  by  swimming.  However,  they  can  move  as 
passive  particles  of  matter,  be  rolled  along  by  currents  upon  any  substance 
they  are  in  contact  with,  or,  from  being  (as  in  the  case  of  Amcehd)  of  almost 
the  same  specific  gravity  with  the  water  in  which  they  live,  may  float,  or  be 
suspended  in  it  for  a  long  time.  Their  motion  by  creeping  is  exceedingly 
slow,  and  oftentimes  is  appreciable  only  by  attentive  watching. 

The  graphic  description  of  Schultze,  of  the  expansion  of  processes  in  a  naked 
Amoeba  and  in  a  testaceous  species,  viz.  the  Oromia  ovifornds,  will  make  the 
phsenomenon  more  distinct.  The  former  is  a  new  species  discovered  and  named 
by  himself  the  Amoeba  porrecta  (XXI.  3).  It  is  distinguished  from  other 
species  in  the  genus  by  the  great  extension  it  is  capable  of,  and  by  the  lively 
motile  energy  of  its  contrac^e  substance.  "  It  sends  out  from  its  colourless 
body,  oa  all  sides,  numerous  fibrous  processes,  short  and  broad  on  their  first 
extrusion,  but  which  gradually  elongate  until  they  exceed  the  diameter  of 
the  body  eight  or  ten  times,  and  taper  to  such  fine  extremities  that  a  mag- 
nifying power  of  400  diameters  is  needed  to  distinguish  them.  The  figure 
and  extension  of  the  body  change  every  moment,  according  to  the  side  in 
which  the  ramifications  are  extended.  If  two  or  more  of  the  filiform  pro- 
cesses touch,  a  coalescence  takes  place,  and  broader  plates  or  net-like  inter- 
lacements are  produced,  which,  in  the  continual  changes  of  figure,  are  either 
taken  up  again  into  the  general  mass,  or  otherwise  are  further  increased  by  a 
fresh  influx  of  matter,  until  finally  the  entire  body  is  transposed  to  their  place." 

In  the  testaceous  Gromia  oviformk  (XXI.  16),  after  a  state  of  rest  of  some 
duration,  fine  fibrous  processes  are  seen  to  be  extended  from  the  single  large 
opening  of  the  shell,  which,  on  their  first  extrusion,  move  about  in  a  groping 
manner  until  they  lay  hold  of  some  solid  body  (such  as  the  surface  of  the  glass 
slide)  on  which  they  may  stretch  themselves  out,  receiving  in  the  meanwhile 
new  matter  from  within  the  shell.  The  first  fibres  are  extremely  fine ;  but  pre- 
sently they  grow  wider,  and  proceed  to  elongate  themselves,  pursuing  a  straight 
course,  ranufyiug  in  their  own  way  and  coalescing  with  adjoining  processes, 
imtil,  becoming  progressively  finer  and  finer,  they  attain  a  length  exceeding 
that  of  the  body  six  or  eight  times.  The  fibres  having  now  outstretched 
themselves  in  every  direction,  and  absorbed  the  greater  part  of  the  finely- 
granular  contractile  substance,  their  further  extension  in  length  ceases. 
However,  the  reticulations  go  on  multipljring ;  numerous  bridges  (inoscula- 
tions) are  established  between  them ;  and  by  the  continued  changes  of  position 
a  constantly  shifting  protean  web  is  produced,  where  a  greater  number  of 
fibres  come  together  at  the  periphery  of  the  sarcode-not  as  we  may  term  it, 
broader  plates  (laminae)  of  the  perpetually-flowing  substance  are  formed,  from 
which  again  new  filaments  are  pushed  out  in  new  directions,  as  if  it  were  a 
separate  Amoeba.  In  the  Polystomellof,  the  long  fibres  are  seen  to  conveige 
to  form  a  pyramidal  bundle,  and  to  coalesce  into  T\*ide  laminee  at  its  apex. 
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Dujaidin  made  some  piecise  observations  respecting  the  characters  of  the 
locomotive  variable  processes  and  the  rate  of  movement.  In  Chromia  oviformisy 
he  describee  a  filament  to  begin  as  a  very  fine  simple  and  uniform  ofishoot, 
which  elongates  and  directs  itself  in  different  directions,  in  order  to  seek  a 
point  of  attachment ;  sometimes  it  oscillates,  at  others  it  exhibits  a  tolerably 
nqnd  nndulatory  movement,  or,  otherwise,  it  rolls  itself  np  in  a  spiral  manner, 
when  the  several  coils  coalesce,  and  a  mass  is  formed  capable  of  throwing  out 
afresh  other  processes.  Proportionately  to  the  extension  of  the  filament,  its 
sabstance  is  added  to  by  an  afflux  of  new  substance  from  the  chief  mass,  evi- 
denced by  the  movement  of  irregular  granules,  which  give  the  fibres  an  un- 
equal and  nodose  appearance.  Moreover,  the  fibre  gives  off  branches  here  and 
there  at  a  more  or  less  acute  angle,  which,  in  their  turn,  ramify  after  the  same 
fifishion,  and  establish  commimications  or  anastomoses  with  one  another.  Often 
also  films  or  laminsB  of  the  gelatinous  substance  form  at  the  extremities  of 
contiguous  fibres,  which  extend  themselves  variously.  The  filaments  retreat 
by  an  inverse  movement ;  and  this  is  occasionally  so  sudden  that  the  end  as- 
sumes a  button-like  termination  fix>m  the  fusion  of  the  mass  of  matter  engaged 
in  its  formation. 

The  expansions  of  Miliola,  he  further  tells  us,  are  six  times  finer  than  those 
of  Grotniay  and  the  movement  of  the  am'mal  more  rapid ;  for  during  summer 
it  moves  from  about  yV^th  to  ^th  of  an  inch  in  an  hour.  Cristellaria  moves  ^th 
of  an  inch,  and  VortidaUs  from  -^th  to  -^rd  of  an  inch  in  a  liko  period. 

The  variable  processes  also  constitute  the  prehensile  organs  of  the  Rhizo- 
poda.  Any  small  objects  serviceable  for  nutrition,  with  wUch  they  come  into 
contact,  are  laid  hold  of  by  them  apparently  by  means  of  their  viscid  surface ; 
and,  except  they  are  animalcules  of  considerable  size  and  power,  they  are  un- 
able to  escape.  When  a  filament  or,  as  we  may  caU  it  with  reference  to  this 
function,  a  tentacle  has  so  seized  its  prey,  adjoining  fibres  aggregate  about 
it  and  coalesce,  a  current  of  the  viscous  substance  sets  in  towards  the  spot, 
and  very  soon  envelopes  the  object  by  a  film.  The  prey  being  thus  secured, 
the  pn>c68se8  shorten  themselves  and  draw  it  towards  the  chief  mass  or  body 
of  the  animal,  or,  otherwise,  the  object  seized  continues  in  the  same  place,  and 
the  whole  organic  substance  moves  towards  it, — ^tho  result  being  in  either  case 
that  it  is  engulfed.  In  the  Amcebina  this  prehensile  act  proceeds  as  just 
stated;  in  the  Monothalamia  and  in  those  Foraminifera  having  a  large 
(^wning  in  the  last  chamber,  the  body  seized  is  directed  to  the  large  orifice 
of  the  shell ;  but  in  those  having  no  other  than  fine  pores  or  minute  fissures, 
it  would  not  seem  to  reach  the  general  mass,  but  to  be  used  up  for  the  pur- 
poses of  nutrition  externally  to  the  shell,  by  a  digestive  action  inherent  in 
the  fibres  themselves.  The  mode  of  entrance,  therefore,  of  food  within  the 
viscid  organic  matter,  is  not  so  simple  and  mechanical  an  act  as  Dujardin  re- 
presented it,  but  has  much  more  of  a  vital  character.  This  observer's  state- 
ment was,  that  the  mere  pressure  of  the  body  of  the  animal  on  the  surface  it 
moved  over  caused  the  penetration  of  foreign  matters,  which,  by  subsequent 
extensions  and  contractions  of  different  parts  of  the  substance,  became  at 
length  completely  involved  in  it.  It  would  seem  that  animalcules  may  swim 
aboat  unharmed  within  the  meshes  of  the  sarcode-web,  but  that  so  soon  as 
they  touch  one  of  its  fibres,  they  are  as  it  were  paralysed  and  incapable  of 
further  motion,  and  are  conscquentiy  drawn  deeper  into  the  net  without  any 
opposition.  Schultze,  who  has  noticed  this  circumstance,  believes  it  to  be 
quite  explicable  as  a  simple  mechanical  act,  and  no  proof  of  a  special  be- 
numbing property  resident  in  the  soft  substance  as  Ehrenberg  was  inclined 
to  suppose.  Food,  or  indeed  any  extraneous  matters,  may  enter  the  soft 
bodies  of  Rhizopoda  at  any  point  of  their  surface  ;  t.  e.  in  other  words,  those 
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ftniTTiRlft  have  no  definite  aperture  for  food — ^no  month.  This  absence  of  a 
mouth,  on  anatomical  grounds  alone,  involves  that  of  an  alimentary  canal,  or 
of  a  polygastric  structure  such  as  Ehrenberg  imagined.  The  digestive  cells, 
80  called,  of  Arcellina  are  nothing  more  than  hollow  spaces  or  vacuoles  (XXII. 
7,  8,  9),  which  spontaneously  and  irregularly  develope  themselves  in  the  mu- 
cous sarcode  substance.  They  especially  make  their  appearance  after  the  in- 
troduction of  food,  the  particles  of  which  generally  appear  enclosed  within 
them,  and  to  be  surrounded  by  a  fluid.  In  the  allied  organisms  represented 
by  ActinophrySf  M.  ClaparMe  states  that  the  particle  of  food  always  lies  in  a 
cavity  filled  with  fiuid — a  vacuole, — and  that  the  fiuid  is  of  a  pide  reddish 
colour,  with  different  refractive  powers  to  those  of  water,  and  is  in  all  proba- 
bility a  solvent  or  digestive  fiuid.  This  pale-red  or  reddish-yellow  tint  of 
the  vacuoles  is  remarked  also  in  Amceboi ;  and  the  observed  dissolution  and 
eventual  disappearance  of  organic  matters  absorbed  is  a  sufficient  proof  of 
the  presence  of  a  digestive  secretion.  In  an  Arcella  vulgaris,  Perty  witnessed 
the  successive  appearance  of  four  vacuoles,  each  in  its  turn  enlarging  iram  a 
small  round  to  a  large  reniform  space,  and  thereby  expanding  the  dimensions 
of  the  animal  itself.  He  believed  them  to  be  filled  with  air,  and,  like  the 
air-bladders  of  fish,  to  serve  to  float  and  turn  the  animals  in  the  water,  when 
free  and  without  soUd  objects  to  crawl  upon. 

Ehrenberg  states  that  in  some  Arcellina,  where  "  digestive  sacs "  were 
otherwise  invisible,  they  were  brought  into  view  by  feeding  the  animals  with 
coloured  substances.  He  thus  presumed  on  the  prior  existence  of  these  cells, 
supposing  the  colouring  particles  to  be  merely  the  means  of  bringing  than 
into  view.  The  true  explanation,  however,  is,  no  doubt,  that  the  cwi- 
struction  of  vacuoles  is  consequent  on  the  introduction  of  food,  and  de- 
pendent on  the  manner  in  which  the  animal  substance  enfolds  the  solid  par- 
ticles which  it  has  seized.  Observation,  indeed,  proves  that  the  vacuoles 
have  no  constant  and  deflnite  existence  and  position ;  for  they  collapse  and 
disappear  when  the  contents  are  removed  or  are  reduced  to  a  few  fine 
granules  dispersable  in  the  common  mass.  They  also  constantly  shift  their 
position,  and  not  unfrequently  make  their  way  to  the  surface,  at  which  they 
burst  and  disappear.  As  Dujardin  also  remarks,  they  sometimes  form  at  or 
near  the  surface,  and  may  even  serve  as  a  medium  for  introducing  foreign 
matters  into  the  body. 

Dr.  Bailey,  in  his  description  of  a  new  species  which  he  names  pamphagw, 
represents  it  as  having  (although  a  shell-less  Rhizopod)  a  mouth  from  whidi 
alone  pseudopodes  protrude,  and  a  single  stomach  ;  hence,  he  adds,  it  cannot 
be  coimdL&reA.  polygastric.  However,  no  evidence  is  adduced  to  support  this 
notion  of  a  gastric  cavity ;  on  the  contrary,  indeed,  the  details  given  stand 
opposed  to  such  an  hypothesis, — ^for  instance,  to  quote  only  one,  ^t  of  their 
being  frequently  seen  ti*ansfixed  by  delicate  fibres  of  foreign  matters,  and 
moving  unharmed  up  and  down  them. 

Schultze  states  that  in  Foraminifera  very  dear  vesicles  are  unifonnly 
di&sed  throughout  the  body,  some  entirely  homogeneous,  others  finely 
granular,  or  filled  with  corpuscles.  However,  nuclear  corpuscles,  which  can 
be  regarded  as  cells  in  the  ordinary  signification,  are  never  found.  This 
naturalist,  moreover,  indicates  the  existence  of  a  larger  species  of  vesidee  in 
Oromia  oviformis  (XXI.  16),  containing  other  clear  corpusdes,  sometimes  to 
the  number  of  eighteen,  but  never  strung  together ;  he  believes  likewise  that 
similar  vesides  exist  among  other  Foraminifera,  and  seems  disposed  to  attri- 
bute to  them  a  nuclear  dumacter. 

Ehrenberg  professed  to  discover  in  the  Polythalamia,  in  each  chamber, 
saving  the  last,  an  alimentary  tube,  having  a  greyish-green  oolonr  and  vety 
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tiudL  Tfak  intestiiial  caTity,  he  affirmed,  communicated  with  the  cell  in 
front,  and  the  one  next  bdund  it  hy  a  narrower  canal — ^the  siphon, — and 
ttiat  in  this  manner  a  sort  of  continuous  moniliform  intestine  was  produced, 
extending  from  the  primary  to  the  penultimate  cell.  He  adds  that,  after  the 
solution  of  the  shell  of  Nomamna  Oermanua  hy  dilute  acid,  various  sUicious 
Inftisorial  shells  could  he  seen  within  this  digestive  tuhe,  as  feur  hack  in  the 
animal  as  the  first  chamher.  Moreover,  he  was  fortunate  enough  to  he  ahle, 
after  the  dissolution  of  the  shell  of  Botalia  hy  add,  and  hy  proceeding  very 
gndoally,  to  set  free  an  internal,  spiral,  jointed  hody,  the  s^;ments  of  which 
were  strung  together  in  Nofdonina  hy  due,  and  in  Gfeoponus  hy  from  IS  to 
20  tuhee  (siphons) ;  strong  adds  destroyed  the  shell  so  rapidly  that  the  con- 
tuned  d^cate  hody  became  broken  up  into  many  insignificant  fragments.  In 
none  did  he  succeed  in  introducing  coloured  food.  This  digestive  apparatus 
others  have  sought  in  vain  in  the  Foramimfera.  The  spiral  articulate  body 
extracted  by  the  Berlin  naturalist  from  the  shell,  was  undoubtedly  nothing 
more  than  tiie  soft  animal  contents,  somewhat  acted  on  by  the  add,  such  as 
Sehuhw  has  pictured  from  the  cavity  of  a  MUiola  (XXI.  24). 

Bespeeting  the  penetration  of  food  to  the  primordial  diamber,  which  Ehren- 
beig  imagined  he  had  seen  in  Noniomnaf  Schultze  observes  that,  among  the 
many  bcangs  he  has  examined,  he  has  not  detected  nutritive  matters  further 
back  than  tiie  second  or  third  cell. 

The  substances  recdved  frt)m  without,  after  having  served  their  purpose 
within  the  gelatinous  body  of  Bhizopoda,  make  their  way  outwards  and 
eaoqw  from  any  part  of  the  surface, — an  anus  being,  Hke  the  mouth,  pro- 
daoed  temporarily,  at  any  point  whatever,  where  matters  present  themselves 
for  disdiarge. 

The  materials  taken  within  the  body  of  Bhizopods  are  most  heter(^;eneous ; 
no  sdeeting  power  being  displayed  by  the  animals,  various  Ciliated  Protozoa, 
fragments  of  the  filaments  and  spores  of  AlgsB,  frnstules  of  DiatamecB  and 
Dt$midiecBf  even  BotaUma^  fall  a  prey :  but  along  with  these,  from  which 
mttrimeot  may  be  extracted,  are  otiier  substances  which  can  be  supposed  to 
serve  no  nseftd  purpose ;  such  are  partides  of  sand,  morsels  of  woollen  and  of 
eotton  tasBoes,  and  the  Hke.  The  introduction  of  particles  indiscriminately 
is  exjdieaye  from  the  mode  in  which  they  are  captured  by  the  filamentary 
ams,  which  seem  to  act  in  a  prehensile  manner,  on  feeling  the  contact  of  any 
fine^  object,  be  that  what  it  may. 

Dojaidin  threw  doubts  upon  the  nutritive  purpose  of  the  soUd  objects 
•wallowed,  and  supposed  the  act  of  nutrition  consisted  in  the  simple  imbibition 
or  eodosmosis  of  fluid  fix>m  without.  ^*  It  is,"  he  writes,  ^'  difficult  of  behef 
that  tiiese  included  particles,  by  reason  of  their  consistence  and  the  unalter* 
aiility  Off  many  of  them,  can  serve  to  nourish  the  AmabcB ;  yet,  whilst  admit- 
tuig  that  they  are  nourished  by  absorption,  I  would  not  d^y  that  they  may 
find  means  of  still  more  readily  appropriating  nutritive  materials,  by  swallow- 
ing variofus  foreign  bodies,  and  by  so  increasing  their  absorbent  surfiaoe.''  The 
evidenee  of  direct  observation,  however,  is  in  favour  of  the  concludon  that 
the  aohstaneeB  received  withhi  the  simple  animal  mass  actually  affi>rd  ma- 
teriak  lor  its  nutrition.  The  contents  are  ever  changing  and  making  their 
exit  fhxn  it ;  and  an  aet  of  digestion  or  of  solution  is  perceptible— slow,  indeed, 
even  when  soft  CShated  Protozoa  are  the  subjects.  Thus  animalcules,  when 
within  the  saicode  mass,  are  first  compressed  into  small  balls ;  the  distinct- 
ness of  &eur  parts  then  fades,  and  they  are  presentiy  converted  into  small 
gelatinoQs  g^boks,  whidi  in  due  course  disappear,  from  amalgamation  with 
the  enclosing  sobstanee.  Where  the  induded  body  consists  partially  of 
insoinhle  material,  this  r^nains  behind  in  the  form  of  fine  granules,  or,  in 
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the  case  of  the  silioioas-enTeloped  Diatomeos,  the  dense  skeleton^  emptied 
of  its  organic  contents,  oontinnes  visible  for  a  longer  or  shorter  time.  The 
robbing  of  the  firnstnles  of  Bacillaria,  and  the  appropriation  of  their  coloured 
endochrome,  has  been  referred  to  in  the  foregoing  remarks  on  the  colooiing  of 
Bhizopoda  (p.  203)  by  the  green  colouring-matter  of  plants. 

The  Bhizopods  Bailey  describes  were  met  with  in  a  vivarium,  into  whidi 
^<  bits  of  boiled  beans  and  potatoes  had  occasionally  been  introduced  as  food 

for  other  animalcules ; on  the  application  of  tincture  of  iodine  to  these 

animals,  a  distinct  blue  colour  was  often  seen  diffused  over  the  whole  snr&oe 
of  many  of  the  grains  of  sand  in  their  stomach." 

The  above  facts — to  which  we  may  add  another,  viz.  that  the  abundance  of 
granules  in  the  interior  is  in  direct  proportion  with  that  of  food — fninish 
sufficient  proof  of  the  occurrence  of  a  digestive  fetculty,  and  of  a  power  of 
assimilation  among  the  BMzopods.  This  implies  the  existence  both  of  a 
digestive  fluid,  and  of  a  secretory  fonction ;  the  latter,  too,  is  forther  ex- 
emplified by  the  production  of  shells  in  the  majority  of  the  class. 

Auerbach  {op.  dt.  p.  422)  distinguishes  two  leading  varieties  of  granules  in 
AmoBbcB : — one  of  a  pale  colour  and  finely  divided,  and  either  soluble  in 
alkalies  and  adds,  and  turned  brown  by  iodiine,  or,  more  rarely,  insoluble  in 
alkalies;  the  other,  dark  in  hue,  strongly  refracting,  and  usually  oorre- 
spondent  in  number  and  relative  size  with  the  animalcules  to  which  they 
appertain.  These  latter  have  the  aspect  of  fat-molecules ;  are  spherical  or 
elliptic,  or  at  times  crystallized  in  a  rhombic  form ;  and  they  are  easily  soluble 
in  cold  alkaline  solutions,  and  more  slowly  so  in  concentrated  acetic  and  sul- 
phuric acids.  In  one  species,  A.  bUimhosa,  he  met  with  starch  globules ;  but 
these  were  probably  of  extraneous  origin. 

Movements  of  covtaisvd  pabticles. — ^Every  movement  of  the  mucous  sub- 
stance of  Bhizopoda  is  accompanied  by  one  of  the  granules,  and  of  the  small 
vesicles  or  globules  contained  within  it.  This  motion  of  the  contents  foUows 
a  certain  course,  and  is  ee^>ecially  observable  in  the  outstretched  variable  pro- 
cesses. Schultze  thus  describes  it  in  the  lai^  Amoeba  parr eeia : — ''  A  continued 
current  of  the  granules,  imbedded  in  the  contractile  substance,  accompanies  all 
these  phenomena  (viz.  of  polymorphism) ;  and,  in  the  processes,  this  current 
follows  two  directions ;  thus  the  globules  may  be  seen  advancing  on  one  side, 
towards  the  end  of  the  process,  when  they  turn  roimd  to  the  other,  and  are 
carried  with  a  comparatively  more  rapid  motion  back  towards  the  base  of  the 
filament,  where  they  are  lost  in  the  substance  of  the  body,  unless  they  happoi 
to  meet  another  stronger  stream  by  which  they  are  reconveyed  through  the 
same  circuit."  A  precisely  similar  phenomenon  is  witnessed  in  the  testaceous 
Bhizopods.  Thus  in  Oromia  ovifdrmiSf  Schultze  says,  the  granules  are  seen 
to  depart  firom  the  substance  withiu  the  shell  to  the  end  of  the  filaments,  and 
thence  to  return  again  to  the  point  from  which  they  set  out.  This  circnla- 
tion  goes  on  in  every  process ;  but  it  is  in  the  broader  filaments,  containing 
numerous  granules,  that  the  double  stream  is  chiefly  visible :  for  in  the  finer 
ones,  whose  diameter  is  often  less  than  that  of  some  of  the  corpuscles,  it  is 
more  rarely  seen ;  in  fact,  in  the  latter  the  granules  seem  not  to  be  indnded 
within  the  substance,  but  to  be  transported  on  the  sur&ce.  Oftentimes  a 
corpuscle,  on  arriving  at  a  point  where  a  fibre  bifurcates,  is  arrested  fat  a 
time,  imtil  drawn  into  one  or  other  current, — ^whilst  at  the  bridge-like  con- 
nexions between  adjoining  filaments,  where  the  granules  pass  across  from 
one  to  the  other,  it  not  unfrequently  happens  that  they  are  transferred  frtm 
a  centrifugal  to  a  centripetal  stream,  and  are  consequently  turned  back  again 
towards  the  body.  Moreover,  in  the  broader  processes,  granules  are  obee^ed 
to  come  to  a  stand,  to  oecOlate  for  a  time,  and  at  l^tigth  to  take  a  retrograde 
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eonne.  I^oe  there  is  no  appreciable  distinctiim  of  tisfiues,  not  even  of 
mtegnment  and  contents,  tiie  existence  <^  vessels  to  acconnt  ibr  these  cur- 
rents cannot  be  presumed. 

A  cnrions  exception  appears  to  exist  in  Oromia  Dujardinii,  the  filaments 
of  which  exhibit  no  granules,  but  are  perfectly  hyaline,  and  moreover  show 
no  circulation.  In  l^eir  transparency,  Schultze  remarks,  they  resemble  the 
processes  of  ,ArceUa  and  Difflugia^  and  so  also  in  the  matter  of  breadth,  but 
differ  by  their  greater  length,  their  finely-pointed  extremities,  and  by  their 
fieqoent  ramifications.  "Ebis  species  has  also  in  its  principal  mass  peculiar 
eorposdes,  round,  oval,  or  irregular  in  figure,  with  a  sharp  outline,  and  of  a 
brown  cdoor,  differing  from  all  other  known  elementary  particles  in  chemical 
reaction,  in  resistance  to  alkaline  solutions,  and  to  mineral  acids,  even  to 
anlj^uiie. 

Amid  the  many  shifting  corpuscles  and  small  globules  is  a  large  vesicle, 
constant  in  position,  alternately  collapsing  and  dilating,  and  hence  called  the 
WfUniMe  veside  (XXTT.  4,  5,  6).  This  organ,  which  is  homologous  with 
the  pulsating  sacs  of  Ciliated  Protozoa,  has  not  been  remarked  by  every 
observer,  nor  in  many  of  the  Bhizopoda ;  nevertheless  we  presume  it  to  be 
an  essential  organ,  and  its  existence  general  in  the  dass.  In  AreeUa  a  con- 
tnctile  vesicle  has  been  seen  by  many;  in  Actinophrys  Sol,  ClaparMe  has 
satis&ctonly  proved  it  a  true  sac,  having  a  resistant  membranous  wall,  and 
has  counted  as  many  as  ten  such  vesicles  in  ArceUa  vulgaris ;  Auerbach  treats 
of  the  vesicle  as  general  among  AmcebcBa ;  on  the  other  hand,  Schultze 
was  nnable  to  discover  such  an  organ  among  the  many  Foraminifera  he 
examined. 

NucLBus. — Another  definite  body  is  mostly  discoverable  in  Bhizopods,  viz. 
a  mteleui  in  the  form  of  a  more  or  less  rounded  or  oval  body,  more  opaque 
than  the  rest  of  the  contents,  and  consequently  more  solid  in  appearance 
(XXTT.  4,  5,  9,  16,  20).  In  Amaba  and  ArceUa,  Ehrenberg  and  Siebold 
admitted  the  existence  of  a  nucleus ;  Schneider  says  that  Anuxba  diffiuens 
and  A.  radiasa  possess  one,  that  a  round  reddish  nucleus  having  a  white 
nudeolns  is  present  in  Difflugia  at  its  hinder  end  (XXI.  19  a,  h,  /),  and 
that  probably  all  the  Rhizopoda  have  such  an  organ.  KoUiker,  to  whose 
hypoUiesiB  dT  the  oeU-nature  of  Bhizopods  the  recognition  of  a  nucleus  was 
<H  mndi  importance,  remarks,  *^  with  respect  to  the  nucleus,  it  really  appears 
to  be  present  in  some  of  them  (see  Ehrenbei^s  figures) ;  and  where  it  is  want- 
ing, as  in  Aetinaphnfs,  a  true  nucleus  may  have  existed  at  an  early  period, 
and  be  absent  only  in  the  fdll-grown  anunal,  or,  again,  it  may  be  entirely 
wanting,  and  still  itte  animal  be  r^;arded  as  a  oelL" 

OaparMe,  on  the  contrary,  denies  a  nucleus  to  the  naked  Bhizopoda,  at 
least  to  Amogba  dijffluens;  and  likewise  to  the  testaceous  species,  such  as 
AreeOa,  However,  he  admits  that  the  usual  opacity  of  tiie  shell  is  an 
obstade  to  an  accurate  determination  of  the  question,  and  remarks,  concern- 
ing the  foregoing  supposition  of  KoUiker,  that  there  is  no  evidence  of  its 
trath,  and  no  foimdation  in  &ct. 

BchuUze  has  encountered  an  undoubted  nucleus  in  nine  different  species  of 
AmcAa,  in  Difflugia  proUtformis,  D,  acuminata,  and  D.  Hdix,  in  AreeUa 
vulgaris  and  several  species  of  Euglypha,  In  Oromia  ovifomUs  a  round, 
elear,  deficate  body  filled  with  very  transparent  small  vesicles  may  always 
be  found.  In  did  ftdl-grown  individuals  not  one  but  several  such  bodies  are 
seen  at  the  posterior  part  of  the  animal,  all  of  equal  size  and  of  similar  struc- 
ture (XXI.  12,  13,  14).  In  one  specimen  as  many  as  eighteen  of  these 
nudfli  were  counted*  In  young  small  OronuoB  only  one  nucleus  is  seen ; 
in  a  sohtarr  inatance  two  were  found. 
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In  IHfflfugia  proteiformis  usually  several  (8  to  12)  nuclei  aie  perceptible,  as 
in  Oromia  oviformis,  in  the  posterior  portion  of  the  shell. 

The  nu«lei  of  freshwater  Ehizopods  either  appear  to  be  homogeneous  deli- 
cate elastic  globules,  here  and  there  finely  granular,  or  they  resemble  the 
nuclear  body  of  Qromia  avifbrmis,  and  consist  of  a  group  of  small  yesidee  or 
globules  enclosed  by  a  common  membrane  (XXI.  14). 

The  single  nucleus  of  young  beings,  Schultze  supposes  to  be  deriyed  from 
the  parent  animal ;  and  he  farther  presimies  that,  in  the  course  of  age  and 
growth,  this  organ  is  capable  of  multiplying  itself,  and  may,  moreover,  serve 
as  a  centre  around  which  the  fine  granules  of  the  living  contents  a^^regate, 
and  that,  after  the  formation  of  an  enclosing  membrane,  an  embryo  is  generated 
£rom  it.  On  the  other  hand,  this  careful  observer  was  not  able  to  discover  a 
nucleus  in  Foraminifera,  and  admits  that  the  above  suppositions  are  highly 
doubtful. 

In  a  large  specimen  of  Oromia  Dt^rdimiy  Schultze  met  with  certain  en- 
closed bodies,  having  a  firm  shell  and  granular  contents,  and  only  wanting 
a  mouth  to  complete  their  resemblance  to  the  parent  animal  (XXI.  18  a,  6). 
He  also  cites,  as  still  more  questionable  examples  of  a  nucleus,  a  dear  spot  in 
the  first  chamber  of  Botalia  veneta,  and  in  TeatUaria  picta,  a  finely-granular, 
solid,  and  nucleariform  body  in  each  of  the  two  last  cells  (XXI.  32). 

On  this  point,  the  presence  of  a  nudeus  in  Forarmrdfera,  we  have  the  state- 
ment of  Ehrenberg,  that  in  each  cell,  except  the  last,  there  is  a  coarsely 
granular  yellowish  brown  mass,  which  represents  an  ovaiy  in  structure  aiui 
fonction.  Unfortunately,  however,  the  Berlin  microscopist  stands  alone,  both 
in  this  observation  and  in  its  pendent  corollary.  Dr.  Carpenter  usee  the 
word  nucleus  to  signify  the  primordial  mass  of  saroode  seen  in  the  first 
cell,  of  which  aU  the  subsequent  chambers  and  their  contents  may  be  deemed 
the  of^ioots. 

Scattered  among  the  amorphous  granules  of  the  sarcode  are,  for  the  most 
part,  numerous  refractiiig  corpuscles  of  less  size  than  vacuoles,  whioh  are 
soluble  in  ether,  and  therefore  conduded  to  be  &t-globules  (XXI.  14-16). 
There  are  also  other  molecules  dissolved  by  caustic  potash.  It  is  these 
various  globules  and  granules  that  some  observers  have  esteemed  to  be  ova, 
without,  however,  any  countenance  from  fects  for  the  supposition. 

To  recur  to  the  naked  Bhizopoda,  Auerbach,  in  the  essay  before  quoted^ 
attributes  a  nudeus  to  the  ArruebaM  in  general.  He  remarks  that  the 
solid-looking  oigan,  of  a  dull  aspect  and  commonly  spherical  figure,  noted 
by  certain  authors  in  some  Amcebce,  is  rather  the  nudeolus  than  tihe  nudeus, 
and  that  the  latter  is  perceptible  in  the  form  of  a  hollow  space,  oftentim^ 
having  a  glistening  rosy  hue,  which  surrounds  the  other  like  a  sac  (XXTT 
4, 5, 9, 10, 11).  lliis  sac  is  sometimes  visible  as  a  dark  areola,  but  at  others 
requires  the  operation  of  chemical  reagents  to  reveal  it,  or  will  manifest  itself 
in  dead  spedmens  when  all  the  ordinary  vacuoles  have  disappeared.  At 
times,  boIlL  it  and  its  nudeolus  have  a  dumb-bell  figure,  and  thereby  indicate 
the  occurrence  of  the  process  of  self-division.  A  similar  nudear  sac  is  men- 
tioned by  Schndder. 

As  to  its  chemical  relations,  Auerbach  found  that  both  nudeus  and  nudeolus 
were  readily  soluble  in  alkalies,  and  that  they  became  darker  in  dilute  acetic  or 
sulphuric  add,  which  also  caused  the  precipitation  of  a  finely-granular  matter 
in  the  vedcular  or  saccular  nudeus.  In  concentrated  adds  l£ey  first  expanded, 
and  were  subsequently  dissolved.  The  generally-assigned  character  of  the 
nudeus,  viz.  that  it  becomes  darker  on  the  addition  ci  acetio  add,  is  tzue 
only  when  dilute  add  is  used. 

Auerbach  discovers  a  nudeus  and  nudeolus  in  ArceUa,  similar  to  those 
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of  AstrnxbcBy  often  displayed  when,  by  a  firaetore  of  the  shell,  the  animal  con- 
tents escapa  The  nooleos  has  the  form  of  a  thick- walled  sac,  and  encloses  a 
lai^  nufileoluB.  But  it  is  remariutble  that,  whilst  one  or  at  most  two  nndei 
only  are  discoverable  in  AmoAas,  several  soch  organs  are  frequently  present 
in  AredkB,  their  nnmber  being  in  direct  proportion  with  the  magnitude  of  the 
animals.  In  large  specimens,  of  ^"'  in  diameter,  above  40  snob  nuclei  have 
been  eneoontered. 

BspBonucnov  op  EmzoponA. — ^This  fdnction  is  not  satisfiEuytorily  made  out, 
etgecaaHj  in  the  case  of  the  Fbraminifera ;  what  is  known  wiU  best  be  de- 
tailed of  each  £unily  separately. 

Among  the  AtmMna  self-diidsion  has  been  noticed  by  Ehrenberg  to  occur 
in  the  Amc^  prine^ps;  and  Dtgardin  remarks  that  ''they  may  doubtless 
multiply  by  spontaneous  fission,  or  by  the  throwing  off  a  lobe  which  imme- 
£ately  commences  an  independent  exist^ioe."  This  separation  of  a  portion 
of  their  substance  is  not  unusual,  as,  when  a  laige  variable  process  has  been 
•hot  out  far  firom  the  chief  mass  and  become  enlarged  at  the  extremity,  the 
expanded  end  retains  its  portion,  whilst  the  portion  connecting  it  witii  the 
bo^  becomes  finer  and  finer  by  being  withdrawn  into  the  parent  mass,  until 
it  at  last  breaks  across,  leaving  a  detached  piece,  which  immediately  on  its 
own  account  shoots  out  processes,  and  manifests  an  independent  existence. 
Hus  phenomenon  is  therefore  one  of  simple  detachment,  and  cannot  rightly 
be  cdOed  a  process  of  fission.  Schneider  terms  it  "  propagation  by  gemma- 
tian,"  and  si^poses  it  attended  by  a  diviaion  of  the  nudeus,  of  whidi  every 
soeh  offset^  in  his  opinion,  includes  a  portion.  This  same  observer  farther 
states  that  Amoeba  has  actoally  a  ''  state  of  rest "  (t .  e.  an  encysted  condition). 
He  obs^ved  it  first  to  become  roimd,  and  then  to  form  a  finn  membrane  on 
one  side,  whilst  the  other  portion  continued  its  peculiar  character  and  move- 
ments. By  degrees  the  membrane  extended  itself  over  the  whole  body,  ihe 
moveaUe  portion  constantly  becoming  smaller,  until  at  last  a  completely- 
eksed  cyst  was  produced,  in  the  dear  interior  of  which  a  round  nudeus, 
with  a  reddish  halo,  exactly  like  that  of  Polytoma  and  other  Manadina, 
Bu^  be  distinctly  observed.  He  adds — ''  In  the  nudeus  of  Amaiba  1  have 
often  noticed  on  Uie  outer  surface  of  the  reddish  halo,  granulations  which 
onited  to  form  a  dosed  membrane,  whilst  at  other  times  ^e  nudeus  exactly 
resemUed  that  of  P6(/yioma "  (i.  e,  was  without  an  endosing  membrane). 
What  is  the  next  phase  of  development  following  this  enqrsted  stage, 
Schndder  has  nothing  to  show. 

If  liebericuhn's  observation  be  correct,  a  most  extraordinary  relation  sub- 
ssts  between  Asnaha  and  OregarincB,  involving  the  existence  of  tiie  former 
•s  a  distinct  class  of  animated  beings.  This  observer  saw  the  production 
of  AmcefxB  firom  NaviedkB,  the  origin  of  which  from  Qregarma  is  as  good  as 
proved ;  and  also  met  witii  such  AmmlxB  in  every  transition  to  perfect  Qr^ 
gorinoB.  This  fact  is  alluded  to  in  a  paper  by  Kolliker  (J.  M.  8.  i.  p.  212), 
who  believes  the  AngmUtda-likB  animal  noticed  by  Henle,  and  temed  by 
Bmet  FHariay  to  be  an  Infusorium  allied  to  Opaiina  Proteus,  and  goes  on 
to  say  that  the  transition  of  this  presumed  FUaria  into  a  Qregarma"  Imd 
finally  into  a  iVavtceZZa-receptade  is  nothing  extraordinary.  Auerbach  asserts 
the  encysting  process  to  be  shared  in  by  the  AfMdixa  along  with  other 
Inftisoiia ;  but  he  looks  upon  Schneider's  recorded  instance  as  an  erroneoos 
conception  of  a  specimen  clearly  envdoped  by  an  integument. 

Monathaiamia  would  seem  capable  of  multiplying  themsdves  like  the 
Amosbmoy  by  detadiing  portions  of  their  substance,  t.  e.  by  a  spedes  of  gem- 
nation.  Pdtier  has  described  this  occurrence,  although  Ehrenberg  fSailed  to 
detect  it 
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Heproduction  hj  posithre  complete  fisdon  is  opposed  by  the  ezistenoe  of 
the  shell)  which  is  a  product  from  the  surface  of  the  aTiimals  adapted  to  their 
outline,  and  increasing  only  in  proportion  with  the  augmentation  of  the 
animal  substance. 

The  cohesion  of  two  or  even  more  AreeUina  by  means  of  their  gelatiitous 
substance,  and  often  with  the  near  approximation  of  the  orifices  or  mouths 
of  their  shells,  has  been  remarked  by  many  observers,  who  for  the  most  pari 
have  pronounced  it  a  sort  of  ^'  conjugation/'  a  true  reproductiTe  act.  (>>hn 
has  indeed  designated  it  "  copulation,"  and  states  it  to  be  a  general  phe- 
nomenon among  BMzopods.  He  affirms  that  he  has  many  times  seen  two 
DiffiugicB  with  the  mouths  of  their  shells  so  firmly  connected,  that  strcmg 
shaking  of  the  water  about  them  failed  to  detach  them ;  and  that  likewise 
one  shell  was  often  empty,  and  the  contents  of  the  two  aggregated  into  a 
globular  mass  in  the  other.  Lederc,  the  first  describer  of  DiffiuffUxf,  in  1815, 
noticed  a  like  cohesion  between  two  individuals  of  Bifflngia  Helix ;  and  Oohn, 
moreover,  is  able  to  confirm  the  fact  represented  by  Perty  of  the  cohesion  of 
a  brown  and  of  a  pale  shell  together. 

Schneider  has  likewise  noticed  this  adhesion  of  two  animals,  and  thus 
speaks  of  it : — **  True  double  animals  of  Diffiugia  Enchdys  are  frequently 
met  with  (XXI.  19/),  two  bodies  with  membranous  cases  and  nudd  being 
attached  to  a  common  foot.  The  foot  very  often  consists  only  of  a  thin 
thread,  but  in  other  cases  it  exhibits  all  the  forms  which  have  been  described 
as  belonging  to  the  foot  of  the  simple  animal.  Both  bodies  are  well  filled 
with  food.  Three,  four,  or  five  bodies  are  frequently  seen  hanging  together 
in  the  same  manner ;  these,  however,  are  by  no  means  in  the  same  plane, 
but  stand  out  from  itie  foot  in  various  directions.  If  these  animals  are  ob- 
tained in  considerable  numbers,  the  formation  of  these  colonies  by  gemmation 
may  easily  be  observed.  The  foot  is  seen  gradually  to  increase  in  size,  and 
acquire  an  oval  form.  A  new  investing  membrane  and  nucleus  are  then 
formed.  The  offset  is  always  equal  to  the  parent-animal  in  size.  like  tlie 
foot  of  a  single  animal,  the  common  foot  of  two  or  more  is,  as  might  be 
supposed,  still  in  a  condition  to  form  of&ets."^  This  adhesion  Schneider 
prefers  to  consider  an  act  of  gemmation  rather  than  of  copulation,  and  sup- 
poses its  occurrence  among  other  Ehizopoda.  He  adds,  <<  with  Perty  and 
Cohn  I  have  also  seen  a  pair  of  the  AreeUa  vulgaris  attached  to  one  another 
by  their  openings,  of  which  one  (as  was  observed  by  those  naturalists)  was 
provided  with  a  white,  the  other  with  a  yellow  shell.  The  white  shell  is 
probably  newly  formed,  and  therefore  indicates  the  young  specimen  produced 
by  gemmation  from  its  companion." 

An  a^;regation  of  the  animal  contents  of  a  Monothalamous  shell,  sudi  as 
Cohn  noticed  in  one  of  the  two  coherent  Difflygics  and  attributed  to  an  act 
of  conjugation,  Schultze  has  seen  in  Rhizopods,  quite  independently  of  that 
phenomenon.  In  Lagynis  Baltica,  he  states  he  has  frequently  seen  the  oon* 
tents  collected  into  a  ball,  having  a  dear  speck  in  the  centre,  and  situated  at 
the  posterior  end  of  the  shell,  without  trace  of  extended  fibres ;  and  he  adds, 
"  the  origin  of  this  globular  mass  may  be  followed  in  a  great  number  of 
individuals.  The  posterior  portion  of  the  transparent  body  of  the  actively- 
moving  animal  gradually  becomes  darker,  owing  to  the  advancing  devel<^ 
ment  of  numerous  molecular  and  strongly  refhicting  partides.  In  the  midst 
of  this  dark  portion  a  clearer  spot  is  always  visible,  although  it  cannot  be 
isolated  or  more  intimately  examined.  By  degrees  the  dariL  portion  en- 
croaches upon  the  entire  substance  of  the  body,  and  at  last  fills  up  the  wh^Ae 
posterior  portion  of  the  shell,  the  body  of  the  animal  thus  seeming  to  shrivel 
up  into  the  ball-like  mass  described."    This  process,  observed  in  numerous 
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indiyidoals  in  ditfiBrent  stageB,  Sehnltie  never  saw  aooompanied  by  a  oon- 
nezian  between  two  animalw ;  and  he  was  not  able  to  discover  what  subsequent 
ehanges  awaited  the  sf^erical  body  iux>duoed. 

The  phenomenon  just  oonsideroa  appears  to  us  to  be  analogous  to  the 
ene^Bting  process  leeonnted  by  Schneider  in  the  case  of  Amoeba^  and  by 
Stem  in  so  many  CSliated  Protoioa. 

Two  othor  probable  modes  of  reproduction  are  briefly  noticed  by  Schneider, 
but  require  to  have  their  existence  confirmed  by  fnrtiier  observations.  **  I 
have  obeerved,"  he  says,  **  another  mode  of  propagation  in  our  DiJhiaiiM ; 
and  although  my  observations  have  certainly  not  been  frequent,  they  have 
been  sufficiently  satifi&ctory.  After  I  had  kept  a  great  number  of  these 
ereatures  for  some  weeks  in  a  clayey  sediment,  the  substance  of  the  body 
in  aE  the  individuals  contracted  into  a  balL  All  foreign  substances  had 
previously  disappeared.  The  ball,  which  had  a  &tty  outline,  then  divided 
into  two  and  four  parts ;  but  the  nucleus  could  not  be  traced  during  this  pro- 
eess  (XXI.  19  d,  e).  This  investing  membrane  fell  to  pieces,  and  the  little 
spheres  which  may  perhaps  be  regarded  as  four  quiescent  spores,  were  no 
more  to  be  seen. 

**  Whether  another  circumstance  observed  by  me  has  any  connexion  with 
the  reproduction  of  Difflugia  must  be  ascertained  hereafter.  In  all  the 
individuals  of  Difflugia  contained  in  one  vessel,  the  substance  <^  the  body 
became  converted  into  granules  closely  packed  together,  the  form  and  the 
investing  membrane  being  retained  (XXI.  19  c).  I  often  saw  these  granules 
in  quidc  molecular  movement  in  the  interior  of  a  sac,  which  appeared  to  be 
formed  from  the  outermost  layer  <^  the  body,  but  I  watched  in  vain  for  any 
issue  to  this ;  after  moving  about  for  about  half  an  hour,  the  granules  always 
became  quiescent  again." 

A  note  by  Perty  must  not  be  omitted,  although  no  considerable  importance 
can  be  assigned  to  a  solitary  and  ambiguous  observation.  That  naturalist 
tdls  ns  he  '^  once  saw  two  round  motionless  animals  within  an  AreeUa  tW- 
garis,  each  having  a  much  greater  diameter  than  the  mouth  of  the  shell  con- 
taining them.  Were  these,"  he  asks,  *'  young  beings  to  be  set  free  on  the  death 
of  the  parent  and  the  breaking  up  of  the  shell  ?  "  A  somewhat  similar  &ct 
18  recounted  by  Schultse  of  CfrinUa  Dujardinii,  in  one  large  specimen  of 
which  he  found  several  oval  bodies  enclosed  possessing  a  firm  envelope  and 
granular  contents,  and  representing  in  every  respect  young  Oromia,  except 
in  having  no  evident  opening  in  their  shell,  which,  however,  may  possibly  be 
farmed  when  set  free  from  the  parent  (XXI.  18). 

That  the  purpose  of  the  nuclear  bodies  in  Orwma  oviformu  (see  p.  211)  is 
not  connected  with  the  fiinctbn,  Schultze  feels  compelled  to  assume,  princi- 
pally from  the  absence  of  such  nuclei  in  Bhizopoda  generally,  and  from  his 
having  fiailed  to  observe  their  undergoing  those  changes  known  to  occur  in 
true  nuclei  when  the  generation  of  new  individuals  is  in  progress. 

Young  AredUna,  when  first  recognizable  as  such,  have  the  general  form  of 
cdder  in^viduals ;  but  their  shells  and  tissues  are  much  more  transparent,  and 
at  first  colourless  and  without  granules.  But  it  is  very  probable  that  the 
young  of  many  AredUna,  when  first  thrown  off  from  the  parent,  are  naked — 
destitute  of  Bbeilf — a  view  supported  by  an  observation  of  Cohn,  who  records 
having  seen,  amid  the  slimy  matter  about  living  Difflugia:,  a  laige  number  of 
peculiar  animalcules  ccmsLsting  of  a  contractile  greyish  or  brown  finely- 
granular  substance,  about  ^th  of  a  line  in  diameter  and  upwards,  of  a  round, 
ovoid,  or  gngnlKr  outline,  ana  having  a  muco-gelatinous  envelope,  through,  but 
chiefly  at  one  end  of  which  several  fibres  were  extended.  At  a  still  earlier 
period  these  young  beings  may  therefore  be  presumed  to  have  been  mere 
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saioode-like  particles  or  minute  Amoehix.  If  this  be  so,  some  ground  may  be 
said  to  exist  for  the  hypothesis  of  certain  naturalists,  who  esteem  the  ArcelUiiu^ 
and  even  the  Foramirdfera,  to  be  a  more  advanced  stage  of  existence  <^  the 
simple  naked  Amahina. 

Schneider  hints  at  the  possibility  of  a  still  greater  transformation  in  tbe 
case  of  his  DMttgia  Enchelys,  He  writes—"  A  Ehizopod  occurred  in  com- 
pany with  Poiytoma  (see  p.  IBB),  the  description  of  whidi  will  show  how  very 
readily  it  might  be  supposed  to  be  produced  by  a  metamoiphosis  of  the  latter 
animal.  Ui^ortunately  I  cannot  confirm  this  suppodtioUy  and  must  c(mfine 
myself  to  recording  the  fiEict." 

FDraminifera, — ^It  is  very  questionable  whether  the  Many-chambered  Bhi- 
zopods  can  reproduce  themselyes  by  offshoots  after  the  manner  of  AmoBlnmaf 
and  Mcmothalamia;  and,  in  short,  nothing  certain  is  known  as  yet  of  the 
modes  of  propagation  of  this  fEunily. 

A  group  of  figures  occurs  in  Schultze's  illustrations  of  PblystomsHa  (XXI« 
39)  which  bear  on  this  point  of  the  possible  production  of  new  beings  by  de- 
tachment of  sarcode  matter.  The  description  of  the  figures  informs  us  that 
some  of  the  sarcode-globules,  separated  from  the  chief  mass  by  pressure,  have 
the  tendency  and  power  to  throw  out  from  themselves  contractile  vaiiaUe 
processes.  They  exhibit  a  finely-granular  delicate  semifluid  tissue,  contain- 
ing many  flat  globules  and  large  coloured  vesicles.  Other  portions,  pressed 
from  the  general  mass,  are  almost  exclusively  composed  of  colouring-partides, 
derived  firom  the  inmost  part  of  the  shell;  sudi  become  entirely  free,  or 
otherwise  continue  attached  by  a  sort  of  pedicle. 

In  the  following  examination  into  the  modes  of  development  of  PoUf&uilamM 
we  are  greatiy  indebted  to  Schultze's  valuable  monograph.  Dujardin  men- 
tions seeing  in  some  TrtmcatulincB  the  grouping  of  the  contents  of  the  cham- 
bers into  spherical  masses,  comparable  to  the  green  bodies  in  Zygnema. 
Schultze,  moreover,  encountered,  in  a  deposit  of  living  Faraminifera,  along 
with  numerous  empty  shells  of  BotalidcB,  several  wholly  or  partiy  filled  with 
black  globules,  the  appearance  of  which  suggested  their  connexion  with  the 
reproductive  process.  Bepeated  observation  showed  that  these  globules 
differed  in  size,  but  mostly  had  the  diameter  of  the  siphon  intervening  be- 
tween the  several  chambers,  or  of  that  of  the  opening  of  tiie  last  celL  They 
occupied  either  every  segment  of  the  shell,  when  those  of  the  innermost  were 
smaller  than  those  of  the  outer  compartments,  or  otherwise  they  occurred  in 
only  one  or  two  of  the  ultimate  chambers.  Every  intermediate  condition 
was  met  with  between  these  two  extremes.  The  globules  were  composed  of 
a  collection  of  dark  molecular  corpuscles  not  enclosed  by  a  membrane,  but 
proved  by  pressure  to  be  an  aggregation,  held  together  by  some  sort  of 
delicate  tissue.  They  were  unacted  on  by  sulphuric,  nitric,  and  by  hydro- 
chloric acid,  and  by  boiling  alkalies. 

The  ordinary  ammal  substance  coexisted  in  some  of  the  chambers  of  an 
animal  when  others  were  occupied  by  these  black  balls ;  but  in  such  instances 
no  outstretched  fibres  were  seen.  These  structures  must  be  derived  either 
from  without  as  foreign  matters,  or  otherwise  be  the  result  of  a  metamoxphosiB 
of  the  sarcode  matter.  The  former  supposition  is  discountenanced  by  their 
appearance,  by  their  resistance  to  reagents,  and  their  presence  even  in  the 
inmost  chambers.  On  the  latter  supposition  they  are  either  the  result  of 
decomposition  of  the  substance,  or  they  are  physiologic^  products,  probably  of 
the  transformation  of  the  entire  body  into  germinal  masses.  The  former  origin 
is  opposed  by  the  direct  observation  that  such  bodies  have  never  been  en- 
countered among  Fwamimfera  in  course  of  breaking  up  or  of  decomposition. 
As  to  the  second  mode  of  origin,  they  bear  an  analogy  to  the  germinal 
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dbments  of  €fregarma,  vis.  to  the  NavkdUB  developed  from  the  oontentB 
of  those  animala,  and  to  the  Inood  of  geims  deyelq)ed  oat  of  the  contentB  of 
aa  encysted  VcrliedUt :  and  it  may  so  happen  with  liie  FonxnMifera^  Hiat 
their  entire  sohstance  is  reeolred  into  germs ;  indeed,  a  progressiye  formation 
of  sndigearms  IB  intimated  hy  the  ciicomstanoe  of  the  ultimate  chamber  being 
the  last  to  beecnne  completely  emptied. 

Ahhongh,  therefixre,  the  figoie  and  size,  the  peenliar  and  suooessiTe  empty- 
ing and  distiilmtion,  the  eyident  periodical  appearance  in  the  spring,  and  tiie 
aiMilogy  of  other  Protosoa  speak  for  the  hypothesis  of  these  globnles  being 
nfvodoctive  germs,  it  must,  on  the  other  hand,  not  be  concealed  that  their 
peenliar  eompoBition  out  of  granules  inq»ezfectLy  bound  together  and  endoeed 
by  a  membnoie,  and  their  lemaricaUe  resistance  to  the  strongest  adds  and 
alkalies,  are  fiiets  apposed  to  this  supposition.  H<9ing  to  elucidate  their 
porpose,  Sehultase,  in  some  few  cases,  isolated  those  sheQs  filled  with  these 
bbek  balls,  but,  after  keeping  them  several  weeks,  could  discover  no  change 
in  them. 

Ehrenberg  smmised  that  the  F(!^%fih(£UmMa  propagated  by  ova,  andthou^t 
he  perceived  in  them  a  sexual  apparatus.  On  the  sui£eu»  of  the  shells  of 
some  samplflB  of  Q^o^^omu  (FolystomeOa)  and  Nomomnoy  inm  Cuzhaven  and 
Qiiistiania,  he  discovered  stalked,  yellow,  membranous  sacs,  which  he  repre- 
sented to  be  ova-sacs.  When  first  thrown  out  thej  were  soft  and  small,  but 
aooa  swelled  up  and  hardened  in  the  water.  Sehultze  also  met  with  many 
q>eoimens  of  Oeapon/uSf  at  Cuzhaven,  having  Cotkundof  affixed  to  their  shells, 
and  of  a  yelk>w  odour,  which  he  beHeves  Ehrenbeig  mistook  fer  ova-cases. 

Being  so  unsuceesafnl  by  direct  observation  in  his  attempts  to  detect  the 
method  of  r^rodnction  among  FDramimfera,  Schultze  endeavoured  by  an  ex- 
aminatian  of  these  beings  in  their  earliest  recognized  form  to  gather  some 
knoiriedge  of  it.  The  miallest  and  youngest  beingB  he  met  with  belonged  to 
the  Camilies  BoiaUd€e  and  MtUoUdcB.  Those  of  tiie  latter  fiEunily  have  a  ncm- 
povoQs  shell,  and  a  ^iherical  figure  exhibiting  the  commencement  of  the  spiral 
winding  ^dikh  eventually  extends  to  several  turns  (XXL  20  a,  6).  The  shell- 
eontentsare  quite  odourless,  and  present  few  granules.  Asthe  spiral  winding 
advances,  the  contents  of  the  first-fermed  orbicular  cell  acquire  a  darker  colour 
bom,  the  appearance  of  fet-drops  and  sharfdy-defined  proteine  oorpusdes ;  and 
the  shell  simnltaneonaly  assumes  the  characteristic  yellow  colour.  ThedifBor- 
enoe  in  site  of  the  primary  cell  in  different  species  is  remarkable.  Stillyounger 
fenns  of  BotdUdce  occuzred  to  him,  (H)l  of  a  line  in  diameter,  spherical,  and 
colourkas,  with  a  delicate  glass-like  calcareous  shell,  through  the  fine  open- 
ings of  whidi  fibres  protruded.  Others  also,  entirely  odourless,  had  a  second 
dukmber  superposed  on  the  first,  or  even  three  or  four ;  but  in  the  latter 
instances  the  characteristic  ydlow  hue  made  its  appearance,  and  rapidly  in- 
creased <m  further  growth  (XXL  31).  A  striking  variety  vras,  moreover, 
remarked  in  the  dae  of  the  first  diamber,  even  in  the  same  spedes ;  the 
dimensimis  of  the  second  and  third  cdls  were  determined  by  those  of  tiie 
first  This  great  variation  in  siie  conmderably  lessens  the  possibility  of  tiie 
certain  specific  determination  of  young  specimens. 

From  these  researdies  it  fdlows,  that  in  MiUolidct  and  BotaUdcBy  and  pro- 
bably in  all  other  l\»^<Aa2afma,  the  first  appearance  of  the  animal  is  in  the 
fenn  of  a  odourless  spherical  mass,  invested  by  a  delicate  calcareous  wall,--- 
the  mass  consisting  of  a  homogeneous,  spaiingly-gTanular  ^«MB6a-body .  This 
first-fermed  cell  has  tiie  fiiculty  of  producing  others  like  itself  finnn  those 
portions  of  its  saroode  substance. 

Of  the  manner  in  which  succesdve  chambers  are  formed,  we  learn  from 
Dr.  Oarpenter  that  the  addition  of  new  lones  (in  the  P^lyihdlamui)  probady 
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takes  place  by  the  extrusion  of  the  sarcode  through  the  marginal  pores,  so 
as  to  form  a  complete  annnlns,  thickened  at  intervals  into  segments,  and  nar- 
rowed between  tiiese  into  connecting  stolons,  the  shell  being  probably  pio- 
duced  by  the  calcification  of  their  enter  portions. 

Since  the  above  account  was  written,  Schultze  has  produced  a  supple* 
mentary  sheet  detailing  further  observations  on  the  development  of  Foraimi' 
niffera  {Berickt  der  Natwrforschenden  OeseUsehaft  in  ffaUe,  11th  August, 
1855). 

Having  met  with  some  large  specimens  of  TriloeuUna  \"'  in  diameter  and 
without  a  tooth  in  the  oral  aperture,  he  kept  them  for  a  length  of  time  under 
observation.  Those  which  remained  adherent  to  the  sides  of  i£e  glass  vessel  £or 
eight  to  fourteen  days  mostly  became  invested  with  a  brownish  slimy  matter, 
which  more  or  less  completely  obscured  theviewof  the  external  characters  of  the 
shelL  After  some  more  days  had  elapsed,  the  lens  brought  into  view  a  num- 
ber of  small,  roimd,  sharply-defined  corpuscles,  which  loosened  themselves  from 
the  soft  enveloping  mass,  and  gradually  diverged  from  one  another  until  some 
forty  were  visible.  On  removing  these,  and  placing  them  imder  the  microscope, 
they  proved  to  be  young  MUiolida!,  with  &eir  process  outstretched.  Inter- 
nally, neither  vacuoles,  cells,  nor  contractile  vesicle,  nor  a  nucleus  could  be 
detected. 

The  brief  abstract  of  Dr.  Carpenter's  elaborate  essay  (read  before  the  Boyal 
Society,  1855)  furnishes  us  also  with  the  following  memorandum  of  his  views 
regarding  the  reproduction  of  Foraminifera,  with  especial  reference  to  (Mt- 
toUUs.  **  He  is  only  able  to  suggest  that  certain  minute  spherical  masses  ol 
sarcode  with  which  some  of  the  cells  are  filled  may  be  gtmmuUs,  and  that 
other  bodies  enclosed  in  firm  envelopes  which  he  has  more  rarely  met  with,  but 
which  seem  to  break  their  way  out  of  the  superficial  cells,  may  be  ova."  l£r. 
Jeflfrey's  views  {Proceedings  of  Boyal  Society,  1855)  do  not  quite  coincide. 
Dr.  Carpenter's  **  idea  of  their  reproduction  by  gemmation,"  he  says,  **  is  also 
probably  correct,  although  I  cannot  agree  with  lum  in  considering  the  granules 
which  are  occasionally  found  in  the  cells  as  ova.  These  bodies  I  have  fre- 
quently noticed,  especially  in  the  Lagence ;  but  they  appeared  to  constitute  the 
entire  mass,  and  not  mercly  a  part,  of  the  animal.  I  am  inclined  to  think 
they  are  only  desiccated  portions  of  the  animal  separated  from  each  other  in 
consequence  of  the  absence  of  any  muscular  or  nervous  structure.  It  m^ 
also  be  questionable  if  the  term  *  ova '  is  rightly  applicable  to  any  animal 
which  has  no  distinct  organs  of  any  kind.  Possibly  l^e  fry  may  pass  throng 
a  metamorphosis,  as  in  the  case  of  the  Medusce.^* 

.  Of  the  many  Amcebas  seen  in  company  with  Forandrdferay  the  A.  porrecta 
is  particularly  remarkable,  and  might  easily  pass  for  one  of  the  latter  when 
young  and  destitute  of  its  shell ;  for  its  processes  resemble  those  of  MiUoUda 
and  Botalidce  in  delicacy  and  extensibility  and  in  the  current  of  granules 
which  passes  through  them.  This  circumstance  suggests  the  possible  deriva- 
tion of  testaceous  Bhizopoda  from  the  naked  forms ;  and  if  we  recall  to  mind  the 
black  globules  surmised  to  be  germs,  their  primary  transformation  into  Amcebm 
is  imaginable,  and  the  whole  cyde  of  development  of  Foraminifera  becomes 
thereupon  explicable.  **  However,  I  must,"  says  Schultze,  <<  confess  that  this 
change  of  the  black  spheres  into  Amabce  is  a  further  argument  against  their 
nature  as  germs,  since  between  these  granular  bodies,  so  imafGscted  by  die- 
mical  agents,  and  Amcebm  no  intermediate  link  is  discoverable. 

Of  the  Shells  of  Testaceous  Rhizopoda.  a.  Shells  of  Mokothalamia. — 
The  fieimily  Arcellina  (Ehr.)  corresponds  in  most  points  with  the  section  Jfono- 
ihalamia  of  Schultze.  The  Berlin  Professor,  however,  believed  that  his  funily 
AtxeUina  and  the  Polythdlamiu  belonged  to  entirely  difierent  classes  <^  ani- 
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mals,  because,  as  lie  soppoeed,  the  Pbljfthalamia  are  aggregated  aniniftlfl  with 
ealeareooB  shells^  and  the  ArceOina  sohtaiy  animala  with  a  ailicions  testa. 
Sabeeq[aent  researches  prove,  on  the  contrary,  that  all  these  differential  cha- 
racters are  wanting.  Each  foraminiferons  eliell  contains  a  solitary  inmate ; 
and  althonghy  as  a  role,  of  a  calcareous  composition,  yet  a  genus.  Polymer^ 
phtnoy  is  pointed  out  by  Schultze,  which,  as  in  the  instance  of  Difflugia,  has 
its  testa  made  np  of  coherent  silicions  particles  (XXI.  38).  Besides  all  this, 
the  shells  of  AreeUina  are  not  silicions,  but  of  a  chitinons  nature,  and  the 
basement  membrane  in  which  the  earthy  matter  is  deposited  in  Fi>ramimfera 
is  the  same.  These  circumstances,  together  with  the  homology  in  the  animal 
contents  both  of  ManothcUamia  and  of  Polythalamia,  the  absence  of  the  hypo- 
thetical polygastric  organization  in  the  former,  and  of  the  imaginaiy  internal 
structures  in  the  latter,  render  Ehrenberg's  distinction  of  the  two  &milies  as 
separate  classes  untenable. 

The  ArceUina  of  Ehrenberg,  and  the  Monothalamia  of  Schultze,  do  not  en- 
tirely accord  in  respect  to  the  genera  grouped  under  them.  Ehrenberg  in- 
chufed  in  his  family  the  genera  Dijfflugia,  ArceUa,  Cyphidium,  and  SpirilUna. 
The  last-named  genus  departed  mudbi  from  the  others  by  having  a  marine 
habitat  and  a  convoluted,  spiral,  porous  shell, — ^its  only  real  relationship,  it 
would  seem,  being  eomprdiended  in  the  one  assigned  feature,  its  silidous 
knca.  On  the  o&er  hiuid,  Schultze  (see  tabular  view  of  his  system,  p.  241), 
hy  not  employing  the  chemical  constitution  of  the  shells  as  a  distinctive  cha- 
racter, includes  among  his  Monothalamia  calcareous,  membranous  (chitinous), 
and  such  silicions  shells  as  are  exemplified  by  Difflugia,  The  essential  cha- 
racter employed  is  that  of  the  unilocular  chamber ;  for  the  other  nearly  general 
feature,  viz.  the  presence  of  one  considerable  orifice,  is  departed  from  in  the 
instance  of  the  porous  shell  of  Orbtdina. 

The  shells  of  Monothalamia  are  of  a  more  or  less  spherical  figure ;  some- 
times they  are  ovoid  (XXI.  11, 12, 16)  or  pyriform  (17),  at  others  compressed 
in  one  or  other  direction  (XXI.  8),  and  even  at  times  in  opposite  directions,  so 
that  ^  evenJ  &ces  are  produced.  Thus  in  the  genus  Difflxngia  the  spherical  out- 
line prevails  (XXI.  10)  :  the  shells  are  globose,  or  subglobose,  or  elongated  in 
a  pear-shape  (XXI.  17),  or  in  a  dub-like  (davate)  manner ;  in  Areola  they 
are  frequently  compressed,  and  assume  a  more  or  less  discoid  figure,  mostly 
convex  above  and  flat  beneath  (7, 8,  9).  In  Oromia,  again,  the  ovoid  or  glo- 
bular shape  is  diversified  by  the  elongation  of  the  portion  about  the  mouth 
of  the  shell  into  a  sort  of  neck  (16).  In  Lagynis  (Schultze)  this  tapering  of 
the  oral  end  developes  a  retort-shaped  shell.  JjiSquamulina  (Schultze),  again, 
the  testa  resembles  a  plano-convex  lens.  An  exceptional  form  is  described 
by  Ehrenbeig,  under  the  name  of  Arcella  disphceray  as  oblong,  almost  divided 
into  two  by  a  central  constriction.  The  first  impression  would  be  that  the 
suf^weed  q[»edes  was  no  other  than  two  animals  coherent  by  the  mouth  of  the 
rii^ ;  that  such,  however,  is  not  the  case  is  indicated  by  the  next  clause  of 
the  description — ^that  one  segment  is  nearly  occupied  by  the  large  foramen. 
Another  example  of  a  rema^bly-formed  shell  is  afforded  by  CypJUdiwn 
(XXII.  24-27),  which  Ehrenberg  states  to  be  cubical,  with  large  protuber- 
ances, giving  it  in  some  positions  a  four-sided  or  an  irregular  figure.  Again, 
in  the  genus  SpttiUina  (Ehr.)  (XI.  37)  and  Comuspira  (Schultze)  (XXI.  25), 
we  have  examples  of  spirally-roUed  equilateral  shells,  like  those  of  Planorbis. 
In  consistence  the  shells  of  most  Arcdlina  are  firm,  with  a  degree  of  flexibility 
and  elastidty,  and  are  oompoeed  of  a  dense  membrane  proved  by  its  chemical 
properties  to  be  of  a  chitinous  nature.  This  shell  not  only  resists  the  action 
of  boiling  solutions  of  the  caustic  alkalies  and  of  vinegar,  but  also  concen- 
tiated  nitric  and  chloric  adds,  and  a  mixture  of  the  two,  also  chromic  add, 
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in  the  solution  of  which  ohitine  itself  is  dissolved.  Further  the  shell  is  dis- 
solved  in  sulphuric  acid,  and,  unlike  cellulose,  is  not  coloured  blue  by  this  acid. 
Such  are  the  chemical  relations  of  the  testa  of  Oromia  according  to  Schultze ; 
and  such  we  may  presume  with  him  are  those  of  the  fireshwater  genera 
ArceUa,  Eughfpha,  and  Trinema, 

The  shellB  of  Difflugia  are  peculiar  by  being  composed  in  many  species  of 
a  softer  substance,  to  which  various  foreign  particles,  ^ells  of  DiaUmecB,  grains 
of  sand  and  the  like,  adhere  and  thereby  furnish  an  accidental  or  supple- 
mentary shield  to  the  animals  (XXI.  I'i^.  The  substance  on  which  those 
accidental  matters  are  affixed  we  may  presume  to  be  chitinous,  but  not  con- 
densed or  hardened  as  in  the  true  testaceous  forms.  Schultze  is  disposed  to 
think  that,  besides  merely  agglutinated  silidous  particles  accidentally,  as  it 
were,  appropriated,  the  investing  tunic  has  actually  the  power  of  secreting 
silicious  molecules,  represented  by  the  smallest  and  most  intimately  adherent 
granules  of  the  teista.  He  would  also  extend  this  hypothesis  to  the  silicious 
pol3rthalamous  shells,  illustrated  by  Polymorphina  mUcea  (XXI.  38)  and 
another  newly-discovered  species. 

Cohn  apparently  saw  young  DiffluguB  in  the  act  of  building  thdr  shells. 
These  young  beings  consisted  of  a  mass  of  sarcode  surrounded  by  a  muoo- 
gelatinous  envelope,  through  which  fibres  were  protruded  in  different  direc- 
tions. These  processes,  by  retraction,  brought  to  the  sur&ce  of  the  animal 
various  foreign  particles,  which  had  become  affixed  to  them,  and  were  then 
imbedded  in  the  mucous  involucre.  At  length  all  other  pseudopodes,  save 
those  from  one  extremity,  were  permanently  withdrawn,  and  the  exterior  of 
the  animal  was  clothed  with  a  layer  of  silicious  particles,  grains  of  sand,  ahells 
of  Cyelotdlay  and  of  other  ZHatomece,  many  of  them  of  a  blackish  or  brown 
colour. 

Dr.  Bailey  indicates  an  exceptional  tunic  in  a  Bhizopod,  having  much  of  an 
^mo^-like  character,  which  he  names  PtwipJiagus,  It  would  seem  to  be 
enveloped  by  an  integument,  which,  although  resistant,  admits  of  an  immense 
modification  of  figure,  both  firom  external  and  internal  pressure,  and  offers  no 
impediment  to  the  animal  transfixing  itself,  just  as  if  it  were  a  completely 
homogeneous  jelly.  "  These  creatures,"  says  their  discoverer,  "  connect  the 
genus  Amoeba  with  DiMugia,  agreeing  with  the  first  in  the  soft  body  without 
shell,  but  differing  in  having  true  feelers  or  rhizopods  confined  to  the  interior 
part  of  the  body."  Just  as  in  DiffUigia,  they  are  limited  to  the  region  ci 
the  mouth.  From  this  last-named  genus,  '*  and  from  the  whole  fiimily  of 
ArceUinay  these  forms  are  distinguishable  by  having  no  lorica  or  shdl."  A 
very  similar  tunicated  amoebiform  animal  is  described  by  Dujardin  under  the 
name  Caryda  (A.  8,  N.  1852),  which,  although  clothed  by  a  membranous 
envelope,  can  be  twisted  and  folded  in  every  direction  by  the  movements  and 
contractions  of  the  animal,  and  permits  the  extrusion  of  processes  from  any 
part  of  its  surface.  In  this  respect  it  differs  from  the  PampJiogus  of  Bailey, 
and  certainly  exemplifies  a  peculiar  phenomenon,  which,  in  the  case  <^  the 
usual  variable  processes  with  circulating  contents,  would  not  be  conceivable, 
but  become  so  upon  the  explanation  of  Dujardin,  that  they  do  not  contract 
on  adhesion  to  the  surfiice  on  which  the  animal  moves,  nor  ^de  along  it  in 
the  ordinary  manner,  but  remain  free,  and,  as  we  are  told,  seem  only  to  sore 
to  change  the  centre  of  gravity  of  the  aniinal.  <<  It  must,  therefore,"  says  its 
describer,  <<  form  a  new  genus  of  Amoebina,'*  intennediate  between  the  naked 
AfncebcB  and  the  AreelUTia ;  and  in  another  direction  indicating  an  alliance 
with  the  Noctilucida, 

With  reference  to  these  peculiar  beings,  it  is  worth  while  to  bear  in  mind 
the  account  given  by  Cohn  of  the  development  of  young  Dijglugux  and  the 
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progreenve  formation  of  the  shelL  To  reeall  the  particular  points  of  intereety 
in  the  primary  stage  the  Difflugia  was  seen  coyered  by  an  integoment,  but 
having  prooeeses  extruded  from  various  parts  of  its  sur&cOy  so  far  resembling 
Uie  Ccryda  of  Dajardin, — ^whilst  in  a  later  stage  all  processes  were  withdiavmi 
ezoq>t  those  at  the  one  end  where  the  single  large  orifice  or  mouth  is  placed, 
and  thus  came  to  resemble  the  Pamphagvs  of  Bi^ey. 

Galeareous-shelled  Mofvothalamia  are  represented  by  the  genera  Sqwxfmu- 
Una,  Orbulina,  and  Comuspira.  Such  shells  are  brittle,  and  in  all  essential 
features  resemble  those  of  the  next-considered  fEunily,  the  Faramimfera, 

The  shells  of  Monothalamia  are  generally  coloured.  When  seen,  as  they 
often  may  be,  empty,  they  have  an  orange-yellow,  a  brown,  or  brownish-black 
tint  This  colour  is  acquired  by  age ;  the  younger  the  being  the  less  is  it, 
eofteris  jpartbus,  coloured.  In  the  youngest,  as  before  noticed,  tiie  whole  sub- 
stance and  its  commencing  envelope  are  quite  ccdouriess.  Most  shells  are 
also  translucent  or  diaphanous  when  empty ;  but  in  others  the  colour  is  so 
deep,  tiiat,  when  filled,  scarcely  anything  of  the  contained  substance  is  dis- 
eeroible  through  them.  The  test»  of  Difflingim  are  mostiy  qpaque.  The  sur- 
Dmc  of  the  shells  is  subject  to  numerous  modifications.  Occasionally  it  is 
imiformly  smooth ;  but  many,  which  so  seem  when  occupied  by  the  animal,  are 
found  when  empty  to  be  really  finely  sculptured  (XXI.  11-15). 

Aredla  hyalma  is  represented  by  Ehrenberg  to  have  a  smooth  and  colour- 
less testa;  A.  wdgaria  and  A.  deruiua,  one  superficially  divided  into  faeettee ; 
A  amdeata,  A.  sptttoM,  and  A,  eaudieola,  a  delicately  hispid  shell.  Where 
the  intersecting  lines  or  ridges  are  not  suffidentiy  devel<^ed  to  produce  f&- 
oettes,  they  give  rise  to  areolsB  and  an  areolated  or  reticulated  su^Eu^e.  The 
SQi&oe  is  beset  with  rounded  tubercles  or  eminences  in  Euglypha  ivbereuZata, 
and  by  sfnrally-dispoeed  polygonal  depressions  (alveda)  in  Eugh/pha  alveo~ 
UUa  (XXI.  11).  In  Difflugia  acanthophara  (Ehr.)  (XH.  64),  the  sur&ce 
looks  as  if  oovered  by  scales  laid  cm  in  an  imbricated  manner  and  in  a  spiral 
direction.  The  same  species  and  Euglgpha  dheolata  (XXI.  11)  afford  instanoes 
of  teste  armed  with  laige  and  strong  sfnnes.  This  same  Difflugia  presents 
likewise  an  example  of  the  mouth  of  the  shell  being  strongly  serrated.  Several 
ArceOina  have  small  depressions  or  pits  on  tiieir  sur£EU)e,  which  at  first  sight 
resemble  pores,  «.  g,  Aredla  Okenii ;  and  both  this  species  and  A.  vulgaris^ 
aeeording  to  Perty,  present  veiy  nume^us  strisB  diveiging  from  the  centre  of 
the  dosed  end,  and  concentric  cirdes,  the  outermost  of  which  in  AreeUa  Ohtmi 
are  dentated,  and  follow  the  stellate  expansions  of  the  shell  (XXI.  15). 

Among  DifflmgicB  the  shell  is  m(»re  often  rough  from  the  adhesion  of  parti- 
cles of  sand  and  of  other  extraneous  substances  (e.  g,  in  D.  proieifanms,  D. 
gigtmUOf  D.  aemmnata),  but  in  others  consists  of  a  smooth  membrane,  as  in 
D.  EnehsfySf  D.  ohhngay  and  D.  ghbtdosa.  Moreover,  Ehrenberg  enumerated 
D.  dZioia,  D.  aeanihophara,  and  other  species  as  having  an  areolated  surface, 
D.  ampuUa  as  punctated,  D.  drya$  and  D,  redcidata  as  cdlular,  D.  Btucterii 
as  nigose,  and  2>.  ftridata  as  striated.  He  farther  states  that  2>.  oiUata  has 
a  bri^  <Hr  curus  in  the  centre  of  each  posterior  areola. 

Where  ^ines  or  other  elevations  of  the  surface — or,  in  fact,  markings  in 
gmeral,  exist — they  may  not  be  unilbrmly  disposed,  but  be  produced  in  laiger 
uunber  or  <^lai]ger  dimengjons  in  some  parts  than  in  others.  Thus  fihrenbei^ 
sigaaliies  an  irregular  dispodtion  of  the  spines  in  AreeUa  acuieata ;  and  not 
lOMoinBumly  such  processes  are  produced  only  from  the  vicinity  of  the  mouth. 

These  examjdee  will  suffidentiy  illustrate  the  diversity  of  sur&ce  preva- 
lent among  mondi>cular  shells ;  but  these  shells  moreover  differ  as  remark- 
aUy  among  tliemsehres  in  sisse,  figure,  and  character  of  the  margin,  and 
fikewise  in  the  relative  position  of  their  mouth,  foram^,  or  orifice.    These 
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differences  supply  specific  and  generic  characters  of  much  value  hy  reason  of 
their  constancy.  Where  the  mouth  has  an  even  uninterrupted  margin,  it  is 
said  to  be  <<  entire."  Its  normal  figure  may  be  considered  circular  (XXI.  9). 
However,  in  many  instances  it  is  irregular  (XXI.  15),  or  a  projectii^  portion 
encroaches  on  it  (XXI.  6).  In  Dijffhtgia  depressa  and  D.  gigantea  it  is  uneven  ; 
in  Arcella  lunata,  semilunar ;  in  Difflttgia  amptiUa,  ovate ;  in  Sphenodena,  so 
contracted  as  to  be  linear.  Still  more  frequently  the  margin  of  itie  aperture  is 
dentated  or  spinous  :  examples  occur  in  Diffiugia  dentiadata,  D.  laevigatay  Z>. 
oligodon,  D.  acanthopJiora  (XII.  64),  and  D,  eiliatay  in  AreeUa  dentaia  and 
in  Ehiglypha,  The  symmetrical  position  of  the  mouth  is  wanting  in  several 
species ;  and  Schlumberger  elevated  this  variation  to  the  importance  of  a  ge- 
neric distinction.  The  obliquity  of  the  aperture — ^its  position  out  of  the  median 
line — is  noticed  in  ArceUa  Americana,  A,  eonstrieta,  A,  eeortUs,  and  in  A,  lu~ 
nata,  also  in  the  genus  Trinema  (Buj.)  and  in  Cyphoderia  (Schlumberger). 
When  the  mouth  appears  formed  by  the  mere  incompleteness  of  the  outline  of 
tiie  shell,  and  is  without  a  neck  or  deep  margin,  it  is  often  said  to  be  truncate 
— ^in  fact,  the  oraj  end  of  the  shell  is  truncated  or  abruptly  cut  off  by  the 
orifice. 

The  shells  of  ArcelUna  may  be  fractured  by  pressure  when  the  contained 
sarcode  matter  escapes  through  the  fissures,  extending  itself  in  lobe-like  pro- 
longations, which  take  on  the  characters  of  ordinary  expansions  (XXI.  7). 
Since  the  opacity  of  the  shell  is  generally  an  impediment  to  the  observation 
of  the  contained  matter,  its  rupture  by  pressure,  or  its  partial  solution  by 
some  reagent,  as  sulphuric  acid,  which  acts  upon  the  clutinous  basis,  must 
be  resorted  to  in  order  to  discover  the  nature  of  the  animal  mass  within. 
With  or  without  such  preparation,  it  is  not  unfr^uentiy  seen  that  the  living 
mass  is  not  uniformly  adherent  to  the  inner  surfiu^e  of  the  shell,  but  is,  on 
the  contrary,  detached  at  different  parts,  leaving  interspaces  between  it  and 
the  testa,  varying  in  size  and  number.  These  vacuities  may  possibly  arise 
from  the  detachment  of  the  soft  matter  by  reason  of  the  quantity  poured  out 
from  the  mouth  of  the  shell,  or  otherwise  from  the  formation  of  vacuoles  at 
those  points,  just  as  often  happens  on  the  surface  of  an  Amceba. 

h.  Shells  ov  Polythalakia  ob  Fosakuofeba. — ^These  have  a  great  diver- 
sity in  figure  and  size,  and  are  often  very  beautifully  coloured  and  sculptured. 
From  the  resemblance  of  many  to  the  shells  of  CephalopocUi,  especially  to  those 
of  Nautili  (XXI.  28),  they  were  for  a  long  time  ranged  along  with  those 
highly-developed  MoUusca.  The  shells  of  Polgthalamia  consist  of  a  greater 
or  less  number,  according  to  age  and  species,  of  communicating  chambers  or 
cells,  aggregated  together  or  superposed  on  one  another  in  different  ways, 
tiie  mode  of  disposition,  however,  varying  within  certain  limits  even  in  the 
same  species.  Thus  Dr.  Carpenter,  speaking  of  Orbitolites,  says  (Proeeeding$ 
Eoyal  Society,  1855), — "  Starting  from  the  central  nucleus,  which  consists  of  a 
pear-shaped  mass  of  sarcode  nearly  surrounded  by  a  larger  mass  connected 
with  it  by  a  peduncle,  the  development  may  take  place  either  on  a  simple 
or  upon  a  complex  type.  In  the  former  (which  is  indicated  by  the  circular 
or  oval  forms  of  the  cells,  which  show  themselves  at  the  surfi9U)e  of  the  disk, 
and  by  the  singleness  of  the  row  of  marginal  pores),  each  zone  consists  of  but 
a  single  layer  of  segments,  connected  together  by  a  single  fti^niikr  stolon  of 
sarcode,  and  the  nucleus  is  connected  with  the  first  zone,  and  each  with  that 
which  surrounds  it,  by  radiating  peduncles  proceeding  from  this  annulus, 
which,  when  issuing  from  the  peripheral  zone,  will  pass  outwards  through  the 
marginal  pores,  probably  in  the  form  of  pseudopodes.  In  the  complex  type, 
on  the  other  hand  (which  is  indicated  by  the  narrow  and  stndght-sided  form 
of  the  superficial  cells  and  by  the  multiplication  of  the  horizontal  rows  of 
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Buttginal  pores),  the  aegments  of  the  concentric  cones  are  elongated  into 
Tertical  oolnmns,  with  imperfect  constrictions  at  intervals ;  instead  of  a  single 
^^mnnlAr  ftixAoo^  there  are  two,  one  at  either  end  of  theee  oolumns,  between 
which,  moieover,  there  are  usually  other  lateral  communications,  whilst  the 
radiating  peduncles,  which  connect  one  zone  with  another,  are  also  multiplied, 
80  as  to  lie  in  soTcral  planes.  Moreover,  between  each  annular  stolon  and 
^e  neighbouring  sur&ce  of  the  disk,  there  is  a  layer  of  superficial  segments 
distinct  from  the  yertical  columns,  but  connected  with  the  aTinnlftr  c^ons ; 
tiieee  ocenpy  the  narrow  elongated  cells  just  mentioned,  which  constitute 
two  superficial  layers  in  the  disks  of  this  type,  between  which  is  the  inter- 
mediate layer  occupied  by  the  columnar  segments. 

**  l^ese  two  types  seem  to  be  so  completely  dissimilar,  that  they  could 
scarcely  hare  been  supposed  to  belong  to  the  same  species ;  but  the  examina- 
tion of  a  laige  number  of  specimens  shows  that,  although  one  is  often 
developed  to  a  considerable  size  upon  the  simple  type,  whilst  another  com- 
mences even  from  the  centre  upon  the  complex  type  yet  many  individuals, 
which  begin  life  and  form  an  indefinite  number  of  annuH  upon  the  simple  type, 
then  take  on  the  more  complex  mode  of  development." 

Each  cell  is  occupied  by  the  animal  sareode  substance — sometimes  not 
completely,  so  that  intervds  exist  at  points  between  the  contained  matter 
and  the  enclosing  calcareous  wall,  just  as  in  MonotkaJamia,  The  first  cell  pro- 
duced, about  which  all  others  are  arranged  and  may  be  considered  offshoots 
or  dependencies,  is  called  the  primary  or  primordial  cell ;  and  in  it  is  con- 
tained the  mass  of  condensed  sareode  which  Dr.  Carpenter  calls  the  nucleus. 
The  link-like  portions  connecting  one  chamber  with  another  are  called  by 
Schultze  bridges  (Bruck^a)  or  isthmi,  by  Ehrenberg  siphons,  and  by  Car- 
penter *  stolons.' 

In  chemical  composition  the  shells  of  Polythcdamia  are  calcareous,  with  the 
excepticm  of  those  of  Polymorphina  sUicea,  which,  like  those  of  many  Diffiugiofy 
are  composed  of  small  granules  and  tablets  of  silex.  Schultze  observes  tiiat, 
in  addition  to  this  species,  SpirvMna  agglutinans  and  Bignerina  aggluHnant 
have  their  sur&ce  covered  by  adherent  grains  of  sand,  to  give  it  the  firmness 
and  resiBtance  provided  for  in  other  forms  by  their  shells.  The  consequence 
of  their  calcareous  composition  is,  that  the  shells  are  hard,  brittle,  and  opaque, 
and  tiieir  contents  only  visible  so  £eu:  as  protruded  in  the  form  of  processes. 
To  examine,  therefore,  the  animal  matter,  it  is  necessary  to  crush  the  shells, 
<Hr,  better,  to  carefully  remove  some  portions  and  so  expose  the  subjacent  tissue 
to  view ;  or  they  may  be  acted  on  by  dilute  acid,  which  dlBsolves  out  the 
earthy  matter,  leaving  the  transparent  organic  basis  of  the  testa.  Bujardin 
employed  dilute  acid  mixed  with  alcohol,  which  contracted  and  rendered 
the  sareode  substance  harder,  and  gave  it  the  appearance,  in  the  many- 
chambered  cells,  of  laminated  or  lobulated  masses  connected  together  by 
thinner  portions. 

When  the  calcareous  earthy  matter  is  dissolved  out  of  the  shells  of  Fbrami- 
nifera,  the  organic  matrix  or  basis  is  left  as  a  transparent  membrane,  retaining 
the  precise  form  and  markings  of  the  complete  shell,  and  perforated  by  the 
characteristic  pores.  Its  chemical  relations  are  those  of  the  membranous  testa 
of  Oramia,  In  thin  shells  the  organic  matter  is  in  relatively  greater  abund- 
ance than  in  the  thick  ones.  Adds  produce  an  active  effervescence,  and  so 
prove  the  presence  of  carbonate  of  lime  as  the  principal  mineral  constituent. 
Bchultze  has  also  detected  the  presence  of  phosphate  of  lime,  at  least  in  some 
sheDs,  viz.  in  those  of  OrhietJiUna  adtmea  and  Polyst<»nella  gtrigilata. 

The  shells  of  Poh/ihalamia  are  commonly  white,  when  viewed  by  reflected 
li^t,  and  when  emptied  of  their  organic  contents.    When  the  latter  remain. 
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a  reddish-  or  yellow-brown  colour  is  produced.  SufficientLy  transparent 
specimens  and  opaque  fragments,  viewed  by  transmitted  light,  exhibit  eitiier 
a  glass-like  (yitreous)  colourless  appearance,  or  have  a  brown  hue.  Examples 
of  the  latter  condition  are  afforded  by  all  solid  and  not  finely  porous  shells,  by 
MUiolidcB,  Ovtdinoe,  and  others.  Moreover,  the  youngest,  thinnest,  and  most 
transparent  shells  are  rendered  visible  by  their  apparent  intense  brown  coloar. 
Amongst  porous  species  are  some,  such  as  Orhieulina  and  Sorites^  which  have 
the  brown  colour  only  in  stripes.  Lastly,  Schultze  has  never  met  with  the 
peculiar  yellow,  red,  and  violet  tints  mentioned  by  D'Orbigny  in  some 
Botalinofy  BosalinoB,  and  PlanorbtdiiicB, 

The  figure  assumed  by  various  Polythalamia  is  extremely  varied,  but  is 
nevertheless  redudble  to  certain  types.  We  will  restrict  ourselves  to  a  brief 
description  of  the  primary  forms  established  by  Schultze ;  these  are  three  in 
number: — 1.  In  which  tibe  chambers  or  cells  are  superposed  on  one  another 
in  a  straight  series.  2.  In  which  they  are  disposed  in  a  spiral  manner ; 
and,  3.  in  an  irregular  fashion. 

The  NodosarvdoB,  which  have  their  cells  placed  one  on  another  in  a  simple 
row,  are  examples  of  the  first  type ;  &e  SpiroeuUnoR  of  the  t.econd ;  and  die 
AcervuliruB  of  die  third  (XXI.  34). 

In  spiral  shells  the  chambers  may  be  rolled  in  one  plane,  so  as  to  form  a 
symmetrical  shell  with  opposite  sides  alike,  e,  g,  in  Crittellaria,  or,  otherwise, 
in  an  asymmetrical  mode,  so  as  to  produce  a  shell  like  that  of  the  common 
snail  {Heluv)y  e.  g,  Botalia  and  JRasalina  (XXI.  25-28).  This  latter  variety 
may  be  so  modified  by  the  great  elongaUon  of  the  spiral,  as  to  produce  an 
elongated  conical  outline,  as  in  UvigeHna  and  BuUmina,  when  the  chambers 
above  and  below  each  oilier  may  present  an  alternate  arrangement.  Other 
V€uieties  of  the  spiral  are  exemplified  in  OrhicvUna,  Alveolina,  and  Namonina. 
In  many  instances  a  simple  or  reg^ular  spiral  disposition  is  commenced  in  young 
animals,  which  is  departed  from  variously  as  they  attain  the  adult  condition 
and  characters.  Thus  in  Planorbulina  the  regular  spiral  is  transformed 
eventually  into  a  completely  irregulax  form.  Lastly,  the  AcenmUtuB  con- 
sist of  spherical  or  spheroidal  cells  aggregated  into  formless  colonies. 

With  reference  to  the  minute  structure  of  the  shell,  Prof.  Williamson 
(Report  of  British  Association,  1855,  p.  105)  recogniees  three  principal 
types :  viz. — ^*  1.  The  hyaline,  generally  consisting  of  a  transparent  vitreous 
carbonate  of  lime,  with,  usually,  numerous  foramina.  2.  Porodlanous,  white, 
opaque,  and  rarely  foraminated.  3.  The  arenaceous,  mainly  consisting  of 
agglomerated  grains  of  sand."  Schultze  makes  two  types :  in  the  one,  the 
shell  is  perforated  by  numerous  fine  pores  or  canals;  in  the  other,  it  is 
homogeneous  and  solid.  The  contents  of  the  second  series  are  brought  into 
relation  with  the  external  world  by  means  of  one  large  opening,  or  by  many 
smaller  ones  collected  in  one  group.  This  division  corresponds,  in  the  main, 
with  that  of  Prof.  Williamson,  except  that  the  German  naturalist  has  omitted 
to  notice,  as  a  third  series,  those  shells  constituted  of  a  membrane  covered  by 
extraneous  particles  of  sand  and  the  like. 

The  size  and  distribution  of  the  foramina,  along  with  other  structural  pecu- 
liarities, afford  the  best  specific  characters.  To  examine  these  details  the 
shells  must  be  viewed  by  transmitted  light,  and  by  high  powers.  The  thick- 
waUed  opaque  Foramirdfera  are  best  explored,  as  Ehrenberg  first  pointed  out, 
after  being  soaked  in  some  strongly  relating  varnish,  either  entire  or  when 
cut  into  thin  sections. 

The  dimensions  of  the  canals  vary  in  different  species  from  *0003  of  a  line  (a 
scarcely  measurable  size)  to  -005  of  a  line.  They  are  of  extraordinary  fineness 
in  Polystomdla  strigilata,  in  P.  gibba,  and  P.  veniista,  whilst  in  OrbuUna 
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and  in  AeervuUna  ghbota  (XXL  35-^7)  tli6j  obtain  thdr  greatost 
diameter.  In  the  latter,  and  in  Globigerinay  the  canals  dilate  towuxis  the 
eaxhoe,  and  are  o<Aseqaently  funnel-shaped  (infondibuliform).  In  a  few 
instancea  two  different  sorts  of  pores  exist,  as  in  Orbtdina  unkferta  and 
BoBoima  varians,  the  finer  kind  being  more  abundant. 

A  peculiar  sort  of  slits  is  characteristic  of  the  genua  PolytlomeUa ;  that  they 
eompletelj  pei^Drate  the  shell  is  shown  by  sections.  They  are  laigest  in  P. 
ttrigtUUa,  and  in  P.  gibba  appear  to  be  only  shallow  excayations. 

Beeides  the  openings  named,  the  surface  of  the  shells  often  presents  regulariy- 
dispoeed  eminences  or  elevated  lines.  In  PolystomeUa  strigUata  and  P.  venusta 
(XXL  28-30)  there  are  hemispherical  or  conical  eminences, perforated  severally 
by  a  fine  op^ung.  In  TextUaria  picta  elevated  lines  are  arranged  around  the 
widely-aeparated  pores,  so  as  to  produce  an  elegant  design  (XXI.  2b).  Lastly, 
many  sheUa  have  a  spinous  or  stdlate  appearance,  from  the  prolongation  of  some 
canals  into  long  and  fine  projecting  ti^)es,  or  from  that  of  the  whole  of  them 
into  thidL  processes.  Illustrations  are  afforded  by  BouUma  Imperatoria,  Cat^ 
carma,  and  particularly  by  Siderolina  caldtrapindeM. 

Garter  has  described  a  greenish,  perishable,  organic  membrane  as  investing 
the  entire  sarfiBce  of  the  shells  with  all  their  irregularities ;  and  d' Archiac 
has  assumed  this  to  be  the  secreting  membrane  of  the  calcareous  matter. 
8ehaltaEe,  however,  has  failed  to  detect  such  a  structure  in  every  specimen  he 
has  examined,  whelher  in  a  Hving  or  in  a  dried  condition ;  and  he  observes 
that,  even  if  this  membrane  does  exist  in  certain  cases,  there  are  abundant 
facts  to  prove  that  it  is  not  the  secreting  organ  of  the  shell. 

The  foramina  are,  as  a  role,  uniformly  distributed  over  the  shells,  those 
parts  only  being  free  which  are  {daced  immediately  above  the  partitions 
between  adjoiiiing  cells.  Exceptions,  however,  occur.  Thus,  in  the  inequi- 
lateral BotaUdai  (XXI.  33)  and  their  allies,  the  under  or  umbilical  side  has 
fewer  pores  tilian  the  upper.  Also,  in  some  of  the  thick-sheUed  species  the 
position  of  the  subjacent  septa  are  not  indicated  by  the  absence  of  pores. 
The  long  winding  canals  pass  in  different  directions,  unite,  and  appear  on  the 
surfiice  in  groups,  prodncing  a  complex  wavy  pattern  on  the  surfisM^e,  as  in 
many  Caleariwrn. 

The  partitions  betwe^i  the  several  cells  are  perforated  by  orifices,  which 
differ  in  size,  number,  and  distribution  in  the  several  species.  They  occur  m 
the  septa  as  fine  pores  similar  to  those  of  the  surface,  but  in  less  number. 
Again,  in  species  having  a  single  large  opening  in  their  terminal  chamber, 
there  is  a  similar  one  in  eaxk  partition,  as  in  Nodosanda,  MilioHda  (XXI.  21, 
22),  TextOaria  (XXL  36),  BotaUda,  and  in  Nonienina,  EoUUimi,  OrUteUaria, 
&c.  Among  this  group  Ihie  CantUma  form  an  exception,  in  having  numerous 
foramina  in  the  la^  oeU  and  in  the  septa  between  the  others.  In  AcenmUna, 
again,  the  several  cells  communicate  by  a  single  opening.  In  Peneroplis, 
Ominogptrtjij  and  in  PotystomeHa  the  septa  have  numerous  pores ;  and  the 
foramina  pit^rtionally  increase  in  number  with  the  increasing  size  of  the 
septa,  i.  e.  from  the  first-  to  the  last-formed  chamber  (XXI.  28-30).  In 
Orbimlina  the  thick  septa  are  penetrated  by  canals. 

Ehrraibeig  pointed  out  the  presence,  in  several  species,  of  numerous  per- 
pendiealar  calcareous  columns  interposed  between  the  septa,  which  he  sup- 
posed to  be  hollow  tubes,  opening  up  a  connnunication  between  the  whole 
series  of  chambers  and  the  exterior.  Both  their  function  and  their  tubular 
nature  Schultze  diBbelieved,  and  asserted  that  LunuUtes  (Etw.)  is  not  one  of 
the  Polythalamia,  but  actually  a  colony  of  Bryoxoa. 

Mr.  Carter  {A.  N.  H.  1852,  x.  p.  170),  on  the  contrary,  asserts  the  ex- 
istence ot  such  tubes  in  the  septa,  in  the  following  passage ; — 
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"  The  septa  occupy  (in  Openmlina  Arahica),  transversely,  about  ^th  of  ttie 
breadth  of  the  chambers ;  and  each  septum  encloses  within  its  walls  two 
calcareous  tubes  or  vessels,  one  on  each  side,  some  little  distance  below  the 
contiguous  sur&ce  of  the  shell  (fig.  7  a,  a);  these  we  shall  call  ifUer9epiai 
vessels.  They  are  irregular  both  in  their  size  and  course,  though  generally 
about  yi{''^th  of  an  inch  in  diameter,  in  the  last-formed  septa  at  a  di^ 
having  the  dimensions  of  the  one  described,  and  diminish  in  calibre  bade- 
wards  or  towards  the  first-formed  whoris.  Each  vessel  commences  in  the 
eentre  of  an  intricate  network  of  smaller  ones,  spread  over  its  own  side 
of  the  margin  of  the  preceding  whorl,  and  under  the  layers  of  the  die^ ; 
these  networks,  which  are  joined  together,  we  shall  call  the  fnargmal  pUxns. 
In  its  course  each  interseptal  vessel  gives  off  two  sets  of  ramuscUU,  and  the 
marginal  plexus  one  set.  Of  those  coming  firom  the  interseptal  vessel,  one 
set  terminates  on  the  surface  of  the  shdl,  particularly  about  the  bordem 
of  the  septum ;  the  other  goes  into  the  walls  of  the  shell,  and  thiou^ 
the  septum,  to  open  probably  on  the  inner  sur&oe  of  the  chamber,  while 
the  set  from  the  marginal  plexus  opens  on  the  margin.  As  this  vascular 
system  appears  to  extend  tiiroughout  every  part  of  ti^e  shell,  and  must  be 
for  the  circulation  of  some  fluids  we  vnll  caU  it  the  interseptal  dreulatum.*' 

Prof.  Williamson  has  likewise  described  a  series  of  intraseptal  canals  in 
FavQosinay  and  illustrated  their  arrangement  by  engravings.  We  have  not 
space  to  give  the  details,  but  can  quote  only  the  general  results : — *^  The  intra- 
septal spaces  are  vertical,  and  give  off  true  divergent  cylindrical  canals  from 
their  external  margins,  penetrating  the  thick  parietes  of  the  shell.  These 
spaces  extend  from  the  top  to  the  bottom  of  each  septum,  and  only  assume 
the  form  of  canals  when  &ey  approach  the  peripheral  dieU-walls.  The  c<hi- 
necting  branches  which  unite  the  spaces  of  different  convolutions  are  also 
tubular.  In  no  instance  do  these  spaces  or  their  divergent  canals  cQmmimi- 
cate  with  the  interior  of  the  segments  (chambers) ;  for  the  only  direct  eom- 
munications  between  the  two  parts  of  the  orgamsm  are  through  the  pseudo- 
podian  foramina,  many  of  which  open  into  the  tubular  portions  ^  these 
passages ;  but  never,  so  &r  as  I  have  observed,  into  the  intraseptal  spaces*" 
Again,  <<  the  cavities  in  the  translucent  shell  are  thickly  lined  with  a  daric 
olive-brown  substance,  which,  if  it  be  the  desiccated  soft  animal,  proves  that 
in  this  species  the  gelatinous  tissue  has  not  only  filled  the  true  chambers,  but 
has  also  occupied  tiie  intraseptal  canals  and  passages.  If  this  be  so,  it  is 
curious  that  ^e  only  medium  of  communication  between  the  soft  tissues  in- 
habiting the  spiral  segments  of  the  shell  and  those  occupying  the  intraseptal 
and  central  passages,  should  be  the  minute  pseudopodian  foramina. ...  It  is, 
however,  obvious  that  this  organism  supports  the  conclusion  at  which  I  arrived 
in  a  previous  memoir,  vix.  that  the  soft  animal  had  the  power  of  extending 
itself  externally  far  beyond  the  limits  of  any  individual  segment,  and  would 
thus  be  able  to  secrete  calcareous  matter  in  other  situations  than  the  mere 
parietes  of  its  own  segment.  It  \b  only  in  this  viray  that  we  can  exj^iain  the 
production  of  the  dome-like  covering  which  encloses  the  central  umbilioal 
cavities  and  their  ramifying  canals.  But  if  it  should  be  ultimately  proved 
that  the  soft  tissues  have  occupied  all  these  irregular  cavities,  we  shall  then 
have  a  form  of  organixation  which,  from  its  great  variability  of  contour,  will 
approach  much  more  closely  to  the  calcareous  q>onges  than  any  hitherto  de-» 
scribed." 

Schultae  says  that  the  species  referred  to  by  the  two  observ^v  just  quoted 
have  not  come  in  his  way,  but  that  in  none  of  the  genera  he  has  examined 
has  he  met  with  a  similar  structure.  He  has  been  equally  unsuccessful  in 
finding  the  interseptal  spaces  noticed  by  Carpenter  in  NuvMimUtes ;  and  in 
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no  genns  he  has  ezaminedy  has  he  been  able  to  disoover  its  shell  to  be  com- 
posed of  calcareous  spicula,  sach  as  Carter  represents  in  OpercuUna  Arahica^ 
and  refers  to  as  indicative  of  the  intimate  affinity  between  F(yrcmwnifera  and 
^KHiges,  in  the  ensuing  paragraph  (A.  N.  JET.  x.  1852,  p.  173) : — '<  It  must 
be  now  generallj  allowed  that  the  Rhizopodous  nature  of  Forammifera  is 
identical  with  that  of  the  Amoeba  or  Proteus,  and  through  the  latter  with  the 
8ponge-cell ;  and  in  addition  to  this,  we  have  the  former,  at  least  the  genus 
OparcuUnay  still  more  nearly  allying  Foraminifera  to  the  Sponges,  by  possess- 
ing a  spicula  structure,  if  not  a  circulatmg  system  also,  like  that  of 
Sponges."  

The  calcareous  sheU  of  Bhizopoda  is  lined  (XXI.  16)  within  by  a  delicate 
organic  hcnnogeneous  membrane,  with  a  sharp  outline,  and  of  a  more  or  less 
deep-brown  colour.  It  is  in  immediate  contact  with  the  animal,  and  closely 
i^lied  to  the  shell,  and  has  ihe  same  perforaticms  (XXI.  24).  It  penetrates 
from  one  chamber  to  the  next  through  the  intermediate  pores  and  canals. 
Daring  life  it  is,  in  the  last>formed  chambers,  colourless.  It  is  not  equally 
mhle  in  all  species.  By  the  addition  of  dilute  acid  to  BotaUa,  Bosalma,  and 
Textiktria,  it  is  readily  brought  into  view ;  but  in  MiUoUda  this  is  difficult, 
owing  to  its  delicacy  and  want  of  colour.  In  the  first-formed  (primordial) 
chamber,  occupied  by  colourless  substance,  it  would  seem  to  be  absent.  In 
its  diemical  relations  it  resembles  the  chitinous  diell  of  OronUa,  and  is  so 
Tcry  sbwlv  destroyed  by  decomposition,  that  it  may  be  demonstrated  in 
empty  shells  found  amidst  the  sand  at  the  sea-side,  and,  according  to  d'Arohiao 
and  Jules  flaime,  even  in  fossil  specimens. 

DiifBVBiovs  AMD  OoiTDmoKS  OF  LiFB  OF  Ehizopoda. — ^Thc  sizo  of  the  Rhi- 
s^wda  is  very  varied,  even  among  members  of  the  same  genus.    Ehrenberg 

» -y^th  of  an  inch ;  DifflugioB  from 

,  ne  represents  a  diversity  of 
m  of  nearly  equal  extent.  Schuhze  states  the  diameter  of  the  shells  of 
Oramia  wifiirmis,  and  of  O.  Dujardimi,  to  be  ^th  of  an  inch,  whilst  that  of 
Lagynis  \b  only  ^^r^  in  length.  Dujardin  remarks  that  the  largest  fresh- 
water Bhizopoda  attain  a  diameter  of  •^V'^d,  whilst  the  marine  Forammifera 
are  for  the  most  part  visible  to  the  nsk&ieye,  and  have  a  length  of  from  ^th 
to  |th  (^  an  inch.  The  Nautiloid  diells  of  Pbh/stomeUa  have  a  diameter  of 
^th  to  J^  of  an  inch,  and  the  irregularly-chambered  Acervulince  a  length 
of  from  «^i|th  to  4th  of  an  inch.  Among  fossil  Foraminifera  larger  sizes 
prafail :  thus.  Sir  £.  Belcher  brought  one  species  from  Borneo  measuring  more 
than  2  inches  in  diameter;  and  many  NwnmvliUs  are  found  an  inch  and 
upwards  hi  diameter. 

Mr.  Jeffreys  gives  the  following  aocoimt  of  the  habits  of  Foraminifera 
(Proe.  Bayal  See,  1856) : — "  Most  are  free,  or  only  adhere  by  their  pseudo- 
podee  to  foreign  substances.  Such  are  the  Lagena  of  Walker,  Nodosaria,  Vor^ 
ImZm,  and  Ttxtularia,  and  the  MiUola  of  Lamarc.  The  last  genus  has  some, 
although  a  very  limited,  power  of  locomotion,  which  is  effected  by  exserting  its 
peeodopodes  to  their  full  length,  attaching  itself  by  them  to  a  piece  of  seaweed, 
and  then  contracting  ihem  like  india-rubber,  so  as  to  draw  the  shell  along  with 
them.  Some  ci  the  acephalous  mdlusks  do  the  same  by  means  of  their  byssus. 
This  mode  of  progression  is,  however,  exceedingly  slow ;  and  I  have  never 
seen,  in  the  course  of  24  hours,  a  longer  journey  than  a  quarter  of  an  inch 

aeeomplished  by  a  Miliola Some  are  fixed  or  sessile,  but  not  cemented  at 

their  base  like  the  testaceous  Annelids.  The  only  mode  of  attachment  appears 
to  be  a  thin  film  of  sarcode.  The  Lobatvla  of  Fleming,  and  the  BosdHa  and 
PkmarbuUna  (IKOrb.)  bekmg  to  this  division.     Dr.  Carpenter  considers  the 
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Forandnifera  to  be  phytophagoos,  in  oonsequenee  of  his  haTing  detected  in 
some  specimens  fragments  of  DiatomaoesB,  and  other  simple  forms  of  v^etable 
life.  But  as  I  have  dredged  them  alive  at  a  depth  of  108  fathoms  (which  is 
far  beyond  the  TjimiTiftriiiii  zone),  and  they  are  extremely  abundant  at  from 
40  to  70  fathoms,  ten  miles  from  land  and  beyond  the  range  of  any  seaweed, 
it  may  be  assumed,  without  much  dif&culty,  that  many,  if  not  most  of  them, 
are  zoophagous,  and  prey  on  microscopic  animals  perhaps  of  even  simpler  form, 
and  structure  than  themselves.  They  are  in  their  turn  the  food  of  Mollusea, 
and  appear  to  be  especially  relished  by  Dentalwm  erUale.*^  The  assumption 
that,  because  the  Laminarian  zone  ceases  at  a  much  less  depth  than  that  at 
which  Foraminifera  occur,  therefore  no  Biatomese  are  found,  is  quite  gra- 
tuitous, and  opposed  to  observation.  The  notion  also  that  animal  life  fur- 
nishes nutriment  to  Foraminifera  at  depths  where  vegetable  existence,  and 
where  the  doubtful  Diatomeee  cannot  be  sustained,  is  opposed  to  all  proba- 
biHty. 

Of  the  rate  of  growth  and  of  the  duration  of  Rhizopoda  we  have  tew  re- 
corded observations :  we  must,  however,  suppose  them  regulated  by  external 
circumstances,  such  as  abundance  of  food,  moderate  temperature,  and  the  like. 
Schultze  observed  of  Foraminifera  living  in  a  small  quantity  of  sea- water,  so 
to  speak,  in  captivity,  that  they  grew  exceedingly  slowly.  In  only  one  Po- 
lystom^lla  out  of  many,  kept  under  observation  for  several  months,  did  he  ob- 
serve the  production  of  a  new  chamber.  BotaluB,  however,  were  more  fre- 
quently seen  in  process  of  growth,  the  walls  of  the  new-formed  segments 
being  extremely  delicate  and  deficient  of  calcareous  matter.  Some  very  young 
specimens  of  Miliola  obesa  were  found  to  produce  two  new  chambeiB,  after  the 
completion  of  the  primary  one,  in  the  course  of  four  weeks. 

From  this  feujt  of  their  very  gradual  growth,  says  Schultze,  we  may  con- 
clude that  a  year  or  more  may  elapse  before  the  construction  of  a  many- 
chambered  shell  is  completed.  This  naturalist  has,  indeed,  kept  the  same 
specimens  of  Polystomella  and  of  BotdUda  in  captivity  for  nine  months ;  and 
their  persistence  for  a  much  longer  period  is  highly  probable.  If,  he  adds, 
the  production  of  germs  put  a  termination  to  life,  then  this  phenomenon 
entails  a  fixed  limit  to  its  duration.  Bujardin,  again,  found  ArceUce  alive  after 
two  years,  in  a  vessel  in  which  he  had  preserved  them. 

The  testaceous  Rhizopoda  possess  the  power  of  repairing  the  efiTects  of  me- 
chanical injuries  to  their  shells.  This  has  been  proved  by  Schultze  in  the 
case  of  the  PohfthaJamia ;  and  we  may  conclude  the  same  faculty  is  possessed 
by  the  Monoihalamia,  He  has  seen  almost  one-half  of  the  shell  of  Folysto^ 
mella  strigilata,  which  had  been  broken  away,  repaired  by  a  new  calcareous 
wall  resembling  the  normal  one  both  in  its  pores,  eminoices,  and  markings. 
He  also  frequently  noticed  in  this  same  species  irre^arities  in  the  conforma- 
tion of  the  shell,  which  he  attributed  to  damages  previously  inflicted;  and 
experiment  showed  him  that,  even  on  the  same  day  that  a  considerable  portion 
was  removed,  the  animal  set  vigorously  to  work  to  replace  the  lost  shell,  and 
protruded  its  processes  just  as  before. 

Occasionally  the  destruction  of  a  portion  of  the  shell  gives  rise  to  monstrous 
(abnormal)  forms.  Thus  Schultze  noticed  a  double  PbtystomeUa  sirigHata^ 
and  Reuss  a  monstrous  Nodosaria  armulatay  which  he  caUed  N,  du^toma ;  and 
Dr.  Carpenter  has  found  several ''  monstrosities  of  OrbitoUtes  resulting  from  an 
unusual  outgrowth  of  the  central  nucleus." 

The  Rhizopoda  can,  doubtless,  maintaiu  life  under  very  prejudicial  condi- 
tions. The  power  possessed  by  the  sarcode  substance,  of  sustaining  existence 
when  even  the  greater  part  is  torn  away,  and  the  capability  of  repair  mani- 
fested by  the  testaceous  iq>ecies,  are  fects  indicative  of  their  tenacity  of  life. 
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Anotlierpioof  is  found  in  the  capacity  of  Foraminifera  to  exist  for  weeks  and 
months  in  the  same  water.  Schnltze  states  that  he  has  found  them  lying 
motionless,  with  retracted  processes^  at  the  bottom  of  a  vessel  of  putrid  water, 
in  which  tiiey  had  been  kept  a  long  time,  and  that  when  this  water  has  been 
changed,  or  its  foul  odour  removed  by  an  acid,  they  have  recommenced  to 
move  about,  and  to  thrust  out  their  fibres.  In  a  small  glass  containing  mud 
from  the  lagoons  of  Venice,  and  in  which  life  appeared  extinct,  he  found  Eo» 
taUdcB  and  MtUolidaf  creeping  on  the  sides,  and  in  great  numbers  in  the  sedi- 
ment at  the  bottom.  Some  still  more  recent  experiments  have  convinced  this 
oninent  naturalist  that  fresh  water  is  not  very  detrimental  to  them,  but  that, 
on  the  contrary,  they  may  be  kept  aHve  in  it  for  a  considerable  tune.  He 
found  at  the  same  time  that  some  dried  Polyikalamia  from  mud  obtained  at 
Moggia,  and  let  dry  for  five  weeks,  continued  motionless  after  six  weeks' 
immoraion  in  sea- water. 

Habhats  ahd  DisTBiBTTnoN  OF  BmzopoDA. — ^Fossil  Forms. — The  AmodxB 
are  met  with  particularly  in  water  containing  much  organic  d^ris,  provided 
that  decomposition  is  not  proceeding.  They  are  conmion  inhabitants  of  in^- 
si<m8,  and  of  stagnant  water,  and  are  found  adherent  to  foreign  bodies,  to  plants, 
Can£er?]B,  and  ^e  like.  Although  unable  to  swim,  they  are  frequently  floated 
to  the  sor&ce  on  the  matters  to  which  they  stick,  such  as  dead  leaves,  AlgSB, 
or  stalks  of  plants.  They  occur  botii  in  fresh-  and  in  sea- water,  but  are  much 
more  ccnnmonly  seen  in  the  former. 

The  MonMalamia,  with  reference  to  their  habitats,  form  two  groups,-* 
one  marine,  the  other  freshwater.  AreeUa,  Diffiugiay  and  Euglypha  are 
essential  freshwater  genera,  whilst  SpiriUina  (Ehr.),  Gromia,  Lagynis  (Sch.), 
and  Sqmmdla  (Sbh.)  are  marine.  They  are  not  met  with  in  infdsions  arti- 
ficially j«epared  although  oonunon  in  stagnant  water  holding  organic  matters 
in  suspension,  acnd  found  crawling  on  these  or  on  the  sides  of  the  vessel 
containing  the  water. 

F^yQyalomda  are  all  marine.  Their  abundance  and  extent  of  distribution 
are  soipriang ;  iMs  is  true  of  them  both  in  the  living  and  in  the  dead  or 
fossil  condition.  Sdiultze  states  that  on  the  northern  level  shore  of  the  har- 
bour of  Ancona,  the  shells  of  the  Forammifera  cover  the  surface  here  and 
there  like  a  fine  sand,  and  are  discovered  in  many  places  in  smaller  numbers 
at  a  depth  of  20  feet  When  this  sand  was  placed  in  water  in  a  glass  jar,  no 
specimens  were  found  to  crawl  up  the  sides ;  and  observation  showed  that  few 
among  them  retained  any  organic  contents.  From  a  small  rocky  islet  in  the 
harboor  he  scraped  into  a  fine  net  the  sHmy  mud,  and  then  separated  the 
hghter  8aiq[)ended  particles  from  the  mixture  of  animal  and  vegetable  matter, 
and  placed  them  in  another  glass.  On  examining,  a  few  hours  later,  the  fine 
aand  so  separated,  he  found  it  almost  entirely  composed  of  Polyihdkmia,  filled 
with  their  organic  substance  and  aHve,  many  of  them  having  crawled  up  the 
sides  of  the  vessel.  His  experiments  at  Venice  were  entirely  oorrespondrat ;  no 
living  bdngs  were  found  in  the  sand  from  the  shore,  but  countless  spedmens 
in  tl^  d^iis  about  the  Algee  in  the  lagoons.  Once,  however,  at  Ouxhaven, 
on  the  Elbe,  he  met  with  living  Foramimfera  in  the  sand. 

Diyardin  also  says  of  the  PolythahinUa,  that,  from  being  unable  to  swim, 
they  are  only  to  be  fi>und  attached  to  the  surface  of  bodies  on  which  they 
craid,  such  as  aquatic  plants,  or,  otherwise,  lying  amidst  the  d^ris  covering 
the  base  of  such  plants,  or  in  the  hollows  between  the  asperities  of  the  shells 
of  marine  MoEusca.  Sponges,  again,  form  a  oonvenient  habitat  for  living 
Pohfihaiamia,  having  their  pores  at  times  pretty  well  filled  with  them ;  in 
the  same  way  Corals  and  Corallines  are  frequently  beset  with  them.  This 
Deoessity  of  attachment  cannot  universaUy  prevail,  since  the  Fotcmiwifera  are 
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BO  often  found  scattered  over  the  bed  of  the  ocean,  as  well  in  the  living  as  in 
the  dead  state,  without  any  AlgSB  near,  whereto  they  can  adhere. 

The  extraordinary  abondance  of  Foraminiferoos  shells  in  the  sand  of  some 
sea-shores  has  been  long  observed.  Plancas,  in  1739,  coonted,  with  the  aid 
of  a  low  magnifying  power,  6000  individuals  in  an  ounce  of  sand  from  fiimini, 
on  the  Adriatic;  and  D'Orbigny  states  that  3,840,000  exist  in  an  equal 
quantity  of  sand  from  the  Antilles.  Schultze  also  counted  500  shells  of  Ehi- 
xopoda  in  4th  of  a  grain  of  sand  collected  from  the  Mole  of  Gaeta,  whidi  had 
previously  been  paired  through  a  sieve  and  separated  from  all  particles  above 
Y^th  of  an  inch  in  size. 

Ehrenberg  describee  finding  PolyihdlaTma  both  on  the  sur&oe  of  the  sea 
and  also  at  the  bottom,  even  at  a  depth  of  12,000  feet.  From  these  great 
depths  they  are  procured  by  soundings ;  the  lead,  after  being  coated  with 
grease  at  the  bottom,  brings  up  attach^  to  it  the  small  particles  of  sand  and 
other  matters  with  which  it  comes  into  contact  at  the  sea-bottom«  Numerous 
such  soundings  were  taken  by  Sir  J.  Boss  in  his  Antarctic  e]q>edition,  and 
have  been  practised  by  others  in  different  r^ons.  Dr.  Bailey  records  the 
results  of  a  series  of  deep  soundings  made  in  the  Atlantic,  over  a  considerable 
geographical  area,  from  latitude  42°  4'  to  lat.  54°  17',  and  depths  varying 
from  1080  to  2000  fathoms.  "  None  of  the  soundings,"  he  states, ''  oontain  a 
particle  of  gravel,  sand,  or  other  recognized  unorganized  mineral  matter. 
They  all  agree  in  being  edmost  entirely  made  up  of  the  shells  of  Foraminifera, 
....  But  neither  the  surfeu)e-water  nor  that  of  any  depth . . .  collected  dose 
to  the  places  where  the  soundings  were  made,  contained  a  trace  of  any  hard- 
shelled  animalcules."  Schultze  is  unable  to  receive  Ehrenberg's  statement  of 
finding  shells  floating  on  the  surface  of  the  sea,  seeing  that  they  naturally 
sink  in  water.  Still  he  admits  that  in  shallow  water  they  may  be  suspended 
by  the  tossing  of  the  waves,  and  that  they  may  float  on  the  surface  attached  to 
sea-weed  torn  from  the  bottom,  or  to  other  floating  substances.  He  likewise, 
and,  we  think  (judging  from  the  laws  of  distribution  of  organic  life  at  diflerent 
depths  as  pointed  out  by  the  late  Prof.  Edward  Forbes),  very  justiy,  demurs 
to  Ehrenberg's  conclusion,  that  the  Polythalamian  shells  fished  up  from  tlie 
great  depths  cited,  and  otliers  approaching  them,  lived  at  those  depths,  and 
had  become  empty  by  speedy  decomposition  of  their  animal  contents.  At 
depths  far  less  considerable,  we  believe  all  organic  life  ceases,  and  should 
consider  the  Foraminiferous  shells  there  found  to  have  been  drifted  from  other 
lees  profound  {daces  by  currents  in  the  ocean.  Prof.  Bailey  also  started  tiie 
question,  whether  the  Foramitdfera  found  at  the  bottom  of  the  sea  actually 
lived  there,  or  were  borne  there  by  submarine  currents,  but  admitted  that 
these  and  other  like  questions  could  not  be  at  present  decided.  What,  however, 
is  Y&rj  r^narkable,  is  that  the  species  ^'  whose  shells  now  compose  tiie  bottom 
of  the  Atlantic  Ocean  have  not  been  found  living  in  the  surfietce  waters,  nor  in 
shallow  waters  along  the  shore.  It  is  but  fair,  also,  to  state  that  Mr.  Jeffreys 
has  dredged  living  Polyihalamia  from  a  deptii  of  108  Mhoms  (648  feet). 
So  far  as  Sdiultie's  researches  go,  they  prove  a  very  Hmited  geographical 
distribution  of  some  species  of  Polythalamia.  Thus,  he  has  never  found  the 
BotaUa  Veneta  elsewhere  than  at  Venice  and  Muggia,  near  Trieste,  whilst 
the  Polystomella  ttrigihtay  of  Ancona,  is  altogether  absent  at  Venice  and 
Trieste.  NodosaridcB,  which  are  common  enough  at  Bimini,  are  sought  in 
vain  at  Ancona,  dose  by,  whilst  Botalia  Becearii  occurs  at  both  those  places. 
So  PenerapUs  phnata  is  found  in  the  sand  on  the  Istrian  coast,  from  CStt4 
Nuova  to  Pola,  but  is  absent  at  Trieste,  Venice,  and  Ancona.  Similar  illus- 
trations might,  says  Schultze,  be  multipHed,  to  show  the  considerable  diversitj 
of  local  fauna. 
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A  limited  dkifanlwiioii,  both  in  reference  to  place  and  to  the  con£tioas  ci 
eziatenee,  baa  been  detennined  by  Ehranberg  and  other  obaarren  of  the  Afy- 
Jkaiamia,  and  alao  employed  by  geologists  in  fixing  the  period  of  the  deposi- 
tion of  oertain  strata,  and  the  oircamstanoee  under  i^di  it  has  ooounred. 
Thus  Bailey  xeoordB  of  the  Atlantie  sonndingB,  that  they  **  contain  no  spedes 
bekmging  to  the  gnmp  AgathisUgia  (D^Orlngny),  a  group  which  appears  to 
be  eoofined  to  shallow  waters,  and  which  in  the  ^osol  state  fiist  appears  in 
the  tertiary,  where  it  abonndB.''  Agtin,  they  ^*  agree  with  the  deep  soundings 
off  the  coast  of  the  United  States,  in  the  presence  and  |»edoniinaaoe  of  ^edes 
of  the  geons  CRobig^rima,  and  in  the  presence  of  the  cosniop<dite  species  OHm^ 
Una  tmwena  (lyOrb.) ;  bnt  they  ccmtain  no  traces  of  the  Jfat^^fttMilMMi  BatkUy 
TexiOaria  AdanHeOy  and  other  species  characteristic  of  the  sonndings  of  the 
Western  Atlantic.  In  the  Tast  amount  of  pelagic  fbrttmmifmiy  and  in  the 
entire  absence  of  sand,  these  soundings  strikmgly  resemble  the  chalk  of 
iSnglM^fij  as  wdl  as  the  calcareons  miffls  of  the  Upper  ICssoori ;  and  this 
would  aeem  to  indicate  that  these  also  were  deep-sea  dqrasitB.  The  cretaceous 
deposits  of  New  Jersey  present  no  resemUance  to  these  soundings,  and  are 
doubtless  littoral,  as  stated  1^  Prof.  H.  D.  Bcgers." 

A  fixed  geograj^iical  distribution  is  also  implied  by  the  diyision  made  by 
POrbigny  of  the  species  he  obeerred, — yiz.  into  575  peculiar  to  the  t<»rid 
icsie,  850  to  the  temperate,  and  75  species  to  the  frigid  sone.  Moreofer,  Dr. 
Oarpenter  stated  (in  the  Annual  Address  at  the  Micro$eop.  8oc.  1855)  that 
he  and  Prof.  Williamson  find  *'  tiiat  there  are  certain  species  whose  range  of 
distzibiition  is  limited,  and  whose  form  is  remarkably  constant,  but  that,  in 
by  fisLT  the  greater  number  of  cases,  the  species  of /brmyMm/^nn  are  distributed 
OTcr  Tery  wide  geographical  areas,  and  hare  also  an  extensiTe  geological 
range."  Mr.  Jeffi^ys  remarks  tiiat,  in  his  opinion,  ^*  the  geographical  range, 
cff  d&stiibQtion  of  species,  is  regulated  by  the  same  laws  as  in  the  MoUusks  and 
otiber  marine  animals.  I  haye  found  in  the  gulf  of  Genoa  vpedeB  identical 
with  those  of  our  Hebridean  coast,  and  vice  vend.*' 

Foml  Foramimfera, — ^In  a  fossil  form  the  P^Ufihalanda  are  reary  common, 
and  enter  largely  into  the  formation  of  sereral  rocks,  chiefly  calcareons  or  of 
the  tertaazy  series,  in  cTery  part  of  the  world.  Ehrenberg,  in  his  microscopio 
examination  of  the  dialk  fi>rmatum,  represents  these  shdls  as  the  most  im- 
portant constituent ;  and  Dr.  Bailey  [q)eaks  of  them  as  largely  concerned  in 
the  formation  of  the  tertiary  rooks  of  South  Carolina,  and  adds,  they  ^'are  stiU 
at  work  in  countless  thousands  on  her  coast,  filling  up  harbours,  fbrming 
shoaby  and  depositing  their  shells  to  record  the  present  state  of  the  sea- 
dune,  as  their  predecessors,  now  entombed  beneath  Charleston,  have  done  with 
regard  to  ancient  oceans.  Forthe  city  just  named  is  built  (m  amarl  236  feet 
thick.  The  marls  from  the  d^yth  of  110  to  ld3  feet  are  tertiary,  as  also, 
in  all  Hkelihood,  are  those  beneath,  ^tending  from  193  to  309  feet,  and  also 
of  the  Eocraie  epoch.  The  lithological  characters  of  the  marls  from  236  to 
309  feet  differ  from  those  above  them,  although  many  of  the  same  species  are 
still  to  be  detected"  (A.  N.  H.  1845,  vol.  xv.). 

The  most  abundant  Foramimfera  of  ihe  chalk  behmg  to  BotaUa,  SpiruUna, 
and  TeartUaria :  the  fossil  genus  Nummulina  abounds  in  tertiary  strata ;  and 
their  shells  constitute  i^e  chief  ingredient  in  the  composition  of  many  Ume- 
stone  rocks  used  in  building,  such  as  those  in  Egypt,  from  which  the  huge 
stones  of  the  Pyramids  are  quarried.  In  America  this  genus  is  largely  re- 
placed, as  a  component  of  limestone,  by  the  genus  OrhiUndes,  Bpecdes  of 
Ttx^laria  are  the  most  abundant  in  Oolitic  formations.  In  the  cretaceous 
earths,  says  D'Orbigny,  genera  and  species  augm^it  in  rapid  progression  from 
the  lower  to  the  hi^ier  formations.    On  arriving  at  the  tertiary  rocks,  Fora^ 
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tntm/em  become  still  more  multiplied,  and  manypreyioiisly  imobeeiTed  genen 
make  their  appearance.  In  the  Silurian  and  Devonian  rocks  of  the  pak^osoic 
series,  Foramimfera  appear  to  be  absent.  In  the  carboniferons  deposits 
lyOrbigny  found  one  species,  but  detected  none  in  the  Permian,  Triassic,  or 
Jorassic  strata.  Mr.  Kii^  has,  however,  discovered  shells  in  the  Permian  rodcs. 

Manj  genera  have  hitherto  been  fonnd  only  in  the  fossiL  state :  some  such 
we  may  suppose  to  have  become  extinct ;  but  others  will  probably  be  discovered 
when  the  search  after  Hving  specimens  is  further  prosecuted.  It  may  be 
generally  stated  that  the  relative  number  of  identical  fossil  and  recent  species 
is  much  greater  in  this  fiEunily  of  Foramimfera  than  in  any  other  known ;  and 
specific  forms  have  continued  from  the  Mesozoic  era  imtil  the  present  day,  so 
connecting,  as  by  an  unbroken  chain,  the  fauna  of  our  own  time  and  that  of 
almost  countless  ages  past. 

Question  op  the  Cbll-natuke  of  Rhizopoda,  Ain)  of  the  Chaiuctks  of 
FoEAHnoFERA  AS  Individijaijb,  OB  AS  OoLOiTiEs  OF  Akivals. — ^Thc  prevailing 
theory  of  the  cellular  composition  of  all  animal  and  vegetable  tissues  induced 
several  distinguished  naturalists  to  represent  the  Rhizqpoda  as  cells.  EolUker 
ingeniously  argued  {J.  M.  8,  1853,  i.  p.  101)  in  favour  of  this  view,  and  for 
a  time  succeeded  in  persuading  most  scientific  men  of  its  truth.  It  had  the 
character  of  a  grand  generalization,  and  recommended  itself  by  its  simpfidty. 
Various  structural  peculiarities  and  general  considerations  are,  however, 
opposed  to  this  theory:  these  we  will  adduce  after  Kolliker's  arguments 
hiave  been  stated.  He  first  assumes  that  the  Rhizopoda  and  Ciliated  Pro- 
tozoa are  comprehended  in  a  single  class  of  simple  animals,  which,  like  the 
OregarincB,  are  unicellular ;  and  he  further  groups  the  Actinophryina  vnih 
Rhm)poda.  The  absence  of  an  integument  to  represent  the  cell-wall,  and 
in  most  of  them  of  a  recognized  nucleus,  are  difficulties  he  would  explain 
away.  First,  he  supposes  that,  where  a  nucleus  is  not  seen,  it  "  may  have 
existed  at  an  earlier  period,  and  be  absent  only  in  the  full-grown  animal,  or, 
again,  that  it  may  be  entirely  wanting,  and  still  the  animal  be  regarded  as  a 
cdl."  Secondly, "  with  respect  to  the  membrane,  it  may  be  regard^  as  certain 
that  there  are  cells  with  a  membrane  of  such  extreme  tenuity  as  to  be  hardly 
distinguishable  from  the  contents,"  and  others  in  which  at  a  later  period  all 
difference  between  the  membrane  and  contents  disappears, — ^for  instance,  the 
elements  of  the  smooth  muscles  of  the  higher  animals."  Which  of  these  two 
possible  conditions  obtains  in  the  Ehizopods,  he  cannot  undertake  to  say,  but 
would  remark  "  that  their  other  relations  are  not  opposed  to  the  notion  that 
they  may  be  simple  cells, — such  as  their  structureless  homogeneous  contents, 
their  contractility,  and  the  vacuoles  which  occur  in  them,  resembling  in  all 
respects  the  contents  of  the  body  of  unicellular  In^isoria.  8o,  likewise,  the 
simplicity  of  their  form  and  mode  of  taking  food,  so  closely  resembling  the 
way  in  which  Infusoria  introduce  a  morsel  into  their  parenchyma.  Certainly 
the  presence  of  a  cell-membrane  is  scarcely  recondleable  with  the  circumstance 
that  the  body  is  capable  of  admitting  a  morsel  of  food  at  any  part  of  the  sur- 
face ;  but  in  one  point  of  view  it  is  not  indispensably  necessary  to  assume 
that  such  exists  in  the  ftdly-developed  Acttnophrys,  and  in  another  it  is  by 
no  means  wonderful  that  a  membrane,  in  consistence  almost  the  saine  as  the 
rest  of  the  parenchyma,  should  be  capable  of  being  torn  and  of  reuniting." 
It  is  therefore,  he  concludes,  best  to  consider  the  Rhizopoda  simple,  although 
modified,  cells,  especially  since  there  is  little  else  to  be  made  of  them.  "  It 
cannot  be  admitted  that  they  consist  of  a  whole  aggregation  of  cells ;  and  as 
little  is  it  to  be  supposed  that  they  are  simply  a  mass  of  animal  matter  with- 
out farther  distinction — as  it  were,  independent  living  cell-contents.  And 
the  less  can  this  opinion  be  entertained,  because  ^'  cells  are  the  ^elementary 
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pots  of  the  higher  animals  and  plants,  and  the  nnicellukr  condition  the 
8im|dlest  form  in  the  animal  kingdom."  The  existence  of  an  investing  mem- 
Inane  in  ihe  Rhizopoda  he  finally  considers  prohahle. 

The  argoments  here  quoted  from  KoUiker's  paper  on  Aetinophrys,  have  heen 
examined  hy  several  later  writers,  and  have  had  their  defects  pointed  out. 
Perty  declares  himself  opposed  to  the  cell-theory  since  Rhizopoda  are  want- 
ing the  essentials  of  the  ccdl-nucleus  and  cell-wall ;  and  the  hypothesis  cannot 
be  applied  to  animals  composed  not  of  cells,  bnt  of  an  amorphous  primitive 
sabfliance. 

M.  ClaparMe  attacks  KoUiker's  ai^oments  in  detail.  The  question  raised, 
whether  the  nucleus  and  membrane  may  not  disappear  in  the  course  of 
growth,  he  answers  by  another  query — "  We  may  conceive  the  possibility  of 
this ;  but  where  do  we  find  any  proof  of  it  ?  " — and  proceeds  to  remark  his  own 
fiuhne,  and  that  of  Ehrenbeig  and  of  most  others,  to  discover  a  nucleus,  even 
in  very  small  animals,  and  after  treating  them  with  dilute  acetic  acid.  <'  The 
8ii|^)Ofliti0n,  tliat  AcHnophrys  and  other  Bhizopoda  pass  through  a  previous 
oeOular  condition,  has  consequently  no  foundation  in  fact."  He  cannot  agree 
witii  Eolliker,  that  of  the  three  parts  of  a  cell — ^the  nucleus,  membrane,  and 
ooQtents — ^two  "  may  be  deficient, — ^that  for  example,  we  may  attribute  the 
aignification  of  a  cell  to  the  contents  remaining  alone  and  contained  in 

nothing If,  therefore,  with  KoUiker,  we  regard  the  Ehizopoda  as  a  class 

of  nniodlular  animals,  the  organisms  which  it  includes  will  be  principally 
distingoished  by  their  having  nothing  to  do  with  cells,  as  they  consist  of  a 
dtapeless  mass  ci  a  stmcturekss  homogeneous  substance." 

M.  Clapar^de  next  subjects  to  examination  the  argument  for  the  cell-nature 
of  Bhisopoda  deduced  from  analogy  with  Ciliated  Protozoa,  which  Kolliker 
takes  for  granted  to  be  unicellular  oiganisms.  This  assumption,  and  conse- 
quently the  analogy  dependent  on  it,  are  shown  to  be  erroneous ;  and  then 
itte  writer  goes  on  to  say  that,  "  even  if  we  admitted  that  Actmopkrys  was 
the  equivalent  of  a  cell,  it  would  still  not  be  unicellular,  inasmuch  as  an 
endogenous  oell-production  has  taken  place  in  it.  The  contractile  vesicle  is 
nothing  but  a  cell"  invested  by  a  membrane ;  and  this  being  the  case,  the 
existenee  of  such  a  membrane  in  other  Ciliated  Protozoa  becomes  all  the  more 
probable.  *^  Kolliker  himself  supposes  that  the  contractile  vesicle,  when  pre- 
sent, is  the  equivalent  of  a  ceU-membrane ;  and  with  the  proof  of  the  exist- 
ence ti  such  (an  endogenous)  formation  in  AetiwyphrySj  his  hypothesis  of  the 
mdcellalar  constitution  of  the  animal  consequently  falls  to  the  ground." 
Leudcart  has  also  briefly  argued  against  the  cell-theory  of  Bhizopoda ;  but 
as  no  novel  views  are  taken  of  the  question,  we  shall  not  quote  his  remarks. 
Our  own  opinion  is,  that  to  insLst  upon  the  unicellular  nature  of  Bhizopoda 
and  of  other  Infusoria  is  to  Hmit  the  operations  of  nature,  in  the  manifesta- 
tkn  of  animal  Hfe,  to  one  sort  of  mechanism,  as  though  life  could  not  be 
exhibited  exoept  by  an  organic  substance  enveloped  by  a  membrane  and 
eadosing  a  nudeus.  Beasoning  by  analogy  should  teach  us  differently ;  for 
everywhere  in  i^e  animal  series  do  we  see  types  or  grades  of  organization 
pvogresBively  developed  frt}m  their  simplest  to  a  more  or  less  complicated 
degpree,  as  if  nature  would  show  us  by  how  many  different  plans  she  can 
attain  similar  and  equally  beneficial  results.  And  are  not  the  Bhizopoda  an 
illustration  of  this  fact,  an  example  of  the  establishment  of  independent 
animality  in  primordial  animal  matter,  and,  as  in  the  case  of  the  multilocular 
PaiythakLmia^  of  the  possible  extent  of  development  this  simple  type  may 
undergo  without  the  separation  or  addition  of  any  other  definite  structural 
element? 

If  Sdmeider's  researches  be  confirmed,  we  must  admit  several  Bhizopoda 
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to  be  possessed  of  a  nudeus.  On  the  other  hand,  a  laige  number  of  Bgetm 
are  able  to  produce  new  individuals  by  the  mere  detachment  of  a  portion  di 
their  sarcode  substance, — an  act  in  which  no  nucleus  is  conoemed,  whereas 
in  cell-propagation  by  fission  a  preparatoiy  section  of  the  nucleus  appears  a 
necessary  process.  In  the  Ehizopoda,  therefore,  we  may  conclude  that^  in 
the  language  of  Professor  Owen,  '<  the  spermatic  force  "  is  diffused  throu^- 
out  their  entire  substance,  and  not^  as  it  were,  concentrated  in  a  particular 
organ  or  nucleus. 

The  question  respecting  the  nature  of  the  many-chambered  Forcmunifera^ 
whether  they  are  to  be  considered  single  individuals  or  colonies  <^  animals,  is 
elaborately  examined  by  Schultze,  who  comes  to  the  conclusiim  that  the 
inhabitant  of  each  shell  is  a  single  animal.  Ehrenbeig  is  the  su{^)orter  of 
the  opposite  view ;  but  Schultze  shows  that  several  structural  details  given 
by  him,  i^)on  which  the  colony-theoiy  is  partiy  established,  are  erroneous, 
and  that  it  \b  one  common  connected  substance  which  occupies  each  and  eveiy 
chamber.  Pro£  Williamson  {T.  M.  8.  1851)  has  the  follovnng  pertinent 
observation  on  this  colony-theory.  Speaking  of  the  OrbicuUna  aduneoy  ha 
says — '*  The  attempt  to  isolate  the  various  portions,  and  to  raise  each  portion 
to  the  rank  of  an  individual  animal,  even  in  the  limited  sense  in  which  we 
should  admit  such  a  distinction  in  the  polypes  of  a  Sertularia  or  of  a  Cforganiaf 
appears  to  me  whoUy  inadmissible."  Moreover,  the  soft-structures  being 
devoid  of  visible  organization,  **  the  whole  animal  will  be  very  little  raised 
above  the  Folypifera,  only  possessing  a  symmetrical  calcareous  skeleton, 
which  is  at  once  both  external  and  internal "  (r.  e.  the  Forifera). 

Of  the  AiTFLNiTiEs  OF  Ehizopoda. — ^That  the  Bhizopoda  oonstitate  a  olass 
of  animalcules  distinct  from  every  other  is  evidenced  by  their  characteristifi 
vital  structure  and  phenomena,  their  power  of  producing  their  like,  their 
growth,  their  fsiculty  of  digesting  and  appropriatii^;  nutrient  matters,  and  by 
tiie  ascendiog  stages  of  development  seen  among  them,  advanciog  from,  the 
simple  Amo£a  to  the  compound  testaceous  CruUUaria  and  Polys^msOa* 

In  the  nature  of  their  animal  portion  they  resemble  Ciliated  Frotoxoa ;  it  con- 
tains similar  vacuolse  and  granules,  and  also  a  contractile  vesicle.  On  the  other 
hand,  they  differ  from  them  in  having  no  definite  outline  to  the  animal  tissue 
bounded  by  a  limiting  membrane  or  integument,  and  particularly  in  possess- 
ing no  cilia,  which,  as  locomotive  organs,  are  replaced  by  tiie  peculiar  and 
characteristic  pseudopodes.  In  variability  of  outiine  an  i^proach  is  made  to 
Ehizopoda  by  some  genera  of  the  heterogeneous  family,  Enchdia  of  Ehrenbeig ; 
but  they  never  exhibit  any  such  changeable  character  as  the  surface  of  tiie 
former,  never  protrude  similar  variable  processes,  nor  present  a  drcnlation 
of  granules.  The  Dinobryina  might  perhaps  be  cited  as  affording  an  example 
of  a  considerable  variability  of  form ;  but  our  knowledge  of  this  family  is  too 
incomplete  to  render  analogies  based  on  it  of  value. 

The  afi^ty  between  EMzopoda  and  Fhytozoa  is  no  closer.  Some  of  the 
latter  can  greatiy  modify  their  form  in  moving ;  but  in  none  does  this  partake 
of  the  character  and  extent  of  the  variability  exhibited  by  Ehizopods.  More- 
over in  none  are  variable  processes  found,  but  in  general  one  or  more  elon- 
gated cilia  or  filaments,  which,  by  their  undulation,  serve  as  the  principal  organs 
of  locomotion. 

Between  the  Testaceous  Bhizopoda  and  Ciliated  Protozoa  the  alliance  is  even 
less  evident ;  for  in  none  of  the  latter  do  we  meet  with  shells  like  those  of  the 
former,  and  in  none  is  the  relation  between  a  lorica  and  its  contents  oorre- 
n)ondent  to  that  of  the  shell  and  sarcode  substance  of  Bhizopoda.  It  has 
already  been  noted  that  the  distinction  between  the  two  classes  of  Protoioa 
founded  on  the  silidous  character  of  the  shells  or  loricse  of  the  CSliated,  and 
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^  eakaieouB  nature  of  those  of  the  Psendopodous  dass^  is  not  in  accordanoe 
with  het ;  for  although  all,  <»r  ahnoet  all,  Polyihalamia  have  oalcareous  shells, 
yet  the  flexible  larics  ci  many  MiytMthdUxiiiMa  are  chitinons,  just  as  those  of 
kiieated  Ciliata. 

In  the  presumed  £aot  of  the  shells  of  AredUna  being  silidons,  Ehrenberg 
diBooTered  a  relation  between  that  fEimily  and  the  Badllaria.  This  afiinity  he 
tneed  still  farther ;  for,  when  describing  the  genns  Cyphidiwn,  he  remarked 
— **  It  forms  a  connecting  group  between  AreeUa  and  BadUarioy  by  reason  of 
tiie  simple  locomotiTe  organ  (like  a  snail's  foot),  and  approaches  very  closely 
to  the  group  DemnicUea"  Howeyer,  even  if  he  be  right  as  to  the  single  nn- 
dirided  process  of  C^Jddium,  the  presence  of  any  extended  foot  or  pedal 
<»gan  from  the  sUidoas  fronds  of  Bacillana,  whether  DiaUnnecd  or  Desrmdieof, 
18  not  now  admitted  by  any  naturalist. 

If  Stein's  observations  and  opinions  be  correct,  an  indirect  relationship 
aetoally  eodsts  between  Ciliated  Protoioa  and  Ehizopoda;  for  that  pains- 
taking observer  has  convinced  himself  that  the  Vorticelltna,  by  ulterior  de- 
vel(^iment,  become  transformed  into  Acmeta']ik.e  or  Actinophiyean  organisms^ 
cl  tiie  intimate  affinity  of  which  no  doubt  can  be  raised.  The  questions 
raised  by  ihis  apparent  transformation  do  not  require  discussion  here,  since 
they  are  fully  entered  upon  in  the  history  of  the  Ciliata,  and  in  that  of  the 
AdneHnay  considered  as  a  subclass  of  Ehizopoda. 

Another  alliaiice  was  formerly  assigned  to  the  Multilooular  Ehizopoda,  viz. 
with  the  Cephaliqpoda,  of  whidi  they  were  treated  as  a  subdivision.  This 
assodation  was  suggested,  by  the  NcttOUus-hke  form  of  some  genera,  to  the 
earliest  obeervexs  of  the  Fi>rammifera — ^Beccarius  in  1781,  and  Plancus  in 
1739;  and  tihe  error  was  perpetuated  by  B'Orbigny  in  1826.  Bujardin  has 
the  great  merit  of  first  combating  this  mistaken  opinion,  and  of  pointing  out 
the  extremely  aimple  nature  of  their  contents,  and  their  true  affinity  with  the 

Several  naturalists,  and  anumg  them  M,  de  Qnatre&ges,  have  classed  the 
eompanitively  large  NoMuca  with  the  Ehizopoda.  But  direct  observation 
seems  to  show  ^t,  although  in  a  few  particulaiB  a  likeness  obtains,  yet 
the  sum  of  the  differences  greatly  surpasses  that  of  the  resemblanees.  The 
NoeUkmcoi  show  a  more  complex  organization ;  they  have  an  integument  com-* 
posed  of  two  layers,  an  evident  mouth  and  gastric  cavity  with  appendages, 
and  motile  filaments,  but  no  variable  processes. 

A  striking  general  resemblance  subsists  between  the  Naked  Ehizopoda — 
Amoeba — and  the  like  isolated  individuals  and  the  germs  of  freshwater  Sponges 
or  8p<mgiUmy  which  Mr.  Carter  has  named  Proteans  (XXI.  5  a,  6,  e).  ^Hie 
resemblancee  are  well  conveyed  in  the  following  quotation  from  Mr.  Carter's 
paper: — **  A  ragged  portion  torn  off  with  a  needle,  will  be  seen  gradually  to 
assume  a  spheroidal  form ;  and  if  there  be  a  spiculum,  it  will  embrace  it  within 
its  substance,  it  may  even  be  seen  to  approach  it,  and  it  may  bear  away  the 
qieulum,  having,  as  it  were,  spit  itself  upon  it.  On  its  circumference  will  be 
observed  little  papillsD,  which  gradually  vaiy  their  form,  extending  and  retract* 
ing  themselves,  until  one  of  them  may  be  seen  to  detach  itself  from  the  parent 
mass  and  go  off  to  another  object.  This  little  animal,  one  of  the  group  which 
it  has  left,  may  remain  stationary  on  the  second  object,  or  descend  to  the 
watdi-gjasB,  assuming  in  its  progress  all  forms  that  can  be  imagined,  sphe- 
roidal or  polygonal,  whilst  every  point  of  its  body  appears  capable  of  ex- 
tending itself  into  a  tubular  atteoiuated  prolongation  ....  These  transparent 
little  sacs  (the  gemmules  of  Grant  and  Hogg)  are  sometimes  filled  with  green 
matter.  They  appear  to  be  able  to  adapt  themselves  to  any  form  that  may 
be  convenient  fbr  them  to  assume ;  and  when  forcibly  separated  from  each 
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other  (by  tearing  to  pieces  a  minute  |>ortion  of  the  sponge  under  water  in  a 
watch-^bss),  the  isolated  individuals  may  be  seen  to  approach  each  other, 
and  apply  themselves  together  in  twos  and  threes,  &c.  and  so  on,  until,  finom 
a  particle  only  discernible  by  the  microscope,  they  assume  the  form  of  an 
aggregate  mass  visible  to  the  naked  eye ;  and  such  a  portion,  growing  and 
multiplying,  might  ultimately  reach  the  size  of  the  largest  masses  adhmng 
to  the  sides  of  the  tanks  at  Bombay.  They  appear  to  belong  to  the  genus 
Amaha  of  Ehrenberg/' 

These  changeable  globules  Mr.  Carter,  in  the  subsequent  part  of  his 
paper,  designates  Proteans,  and  states  that  they  commonly  resemble  the  /Vo- 
ieus  diffluens  (Miiller).  ('<  Notes  of  the  species,  &c.  of  the  Freeh-water  Sponges 
of  Bombay,"  Trans.  Med.  and  Phys.  Society,  Bombay,  1847.  Appendix.) 

In  his  more  recent  contribution  on  the  freshwater  Sponges,  Mr.  Garter 
describes  cells,  capable  of  greatly  and  rapidly  changing  tbeir  form,  endowed 
with  considerable  motile  powers,  and  Aimished  ^ch  with  an  undulating 
locomotive  filament  (XXI.  5).  These  organisms  he  considers  to  be  soosperms, 
or  the  spermatozoa  of  SpongUla.  Speaking  of  one,  he  says — **  When  its 
power  of  progression  and  motion  (of  a  serpentine  creeping  character)  b^ins 
to  fiedl,  and  if  separated  from  other  fragments,  it  soon  becomes  stationary,  and, 
after  a  little  polymorphism,  assumes  its  natural  passive  form,  which  is  that  of 
a  spherical  cell.  During  this  time  the  motions  of  the  tail  become  more  and 
more  languid,  and  at  length  cease  altogether."  On  the  other  hand,  it  may 
attach  itself  to  some  fragment,  or  to  another  cell,  and  "  become  indistinguish- 
able from  the  common  mass ;  and  the  tail,  floating  and  undulating  outwards, 
is  all  that  remains  visible."  In  these  structures  ^ere  is,  therefore,  polymor- 
phism as  in  Ehizopoda,  but  no  actual  extrusion  of  pseudopodes ;  and  the  points 
of  agreement,  after  all,  are  really  accidental,  and  not  demonstrative  of  a 
structural  affinity.  In  them  we  luive  reproductive  germs,  which  coalesce  and 
disappear  as  independent  existences,  whilst  in  the  case  of  Amoeba  each  speci- 
men is  an  independent  individual,  and  is  never  seen  to  coalesce  with  others 
into  a  common  or  sponge-like  mass. 

Dujardin  devoted  a  couple  of  pages  to  speak  of  this  affinity  between  ^iimb&<9 
and  Sponges ;  and  Perty  even  goes  so  far  as  to  make  the  latter  a  third  class  of 
the  Bhizopoda,  intermediate  between  AreelUna  and  Amoebina,  on  account  of 
the  calcareous,  silicious,  or  homy  spicula  which  occur  in  their  compound 
mass,  and  constitute  a  sort  of  skeleton. 

The  affinity  with  Sponges  is  traceable  even  in  the  case  of  the  testaceous 
Polyihdlamia,  as  Prof.  Williamson  pointed  out  in  1848,  and  in  a  subsequent 
memoir  in  1851  (Trans,  Mic.  Soe.)  thus  enters  on  the  question : — ^<  Looking  at 
the  structure  of  the  shell  of  the  OrbictUina  adu/nea,  and  especially  at  the  large 
orifices  which  commimicate  between  its  various  cavities,  we  cannot  £ail  to 
observe  that  it  is  a  reticulated  calcareous  skeleton,  whose  proportionate  rela- 
tion to  the  size  of  the  soft  animal  has  differed  but  little  from  that  of  the 
sUiceo-keratose  network  of  many  Sponges  to  the  slimy  substance  with  which 
they  are  invested." 

So  Dr.  Carpenter  {Proc.Roy,  Soe.  1855),  in  his  critical  examination  of  Orbito- 
lites,  '*  places  that  genus  among  the  lowest  forms  of  Forandnifera,  and  con- 
siders diat  it  approximates  closely  to  Sponges,  some  of  which  have  skeletons 
not  very  unlike  the  calcareous  network  which  intervenes  between  its  fleshy 
segments."  With  respect  to  this  idea  of  Dr.  Carpenter,  that  they  are  allied 
to  Sponges,  Mr.  Jeffreys  (same  journal)  would  remark  ''  that  PblysUmdla 
criapa  has  its  periphery  set  round  at  each  segment  with  silicious  spicula,  like 
the  roweb  of  a  spur.  But  as  there  is  only  one  terminal  cell,  which  is  con- 
nected with  all  the  others  in  the  interior  by  one  or  more  openings  for  the 
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pModopodeSy  the  analogy  is  not  complete^  this  being  a  solitary,  and  the  Sponge 
a  oomponnd  or  aggregate,  animal."  In  a  previons  page  the  theory  of  Ehren- 
berg,  that  the  Foraminifera  are  compound  or  aggregate  animals,  has  been 
referred  to.  It  was  on  this  hypothesiB  that  he  assumed  their  affinity  with 
Pcdypes — ^with  Flustrse  and  Bryozoa,  at  the  head  of  which  he  arranged  thenu 
This  assodation,  like  the  hypothesis  it  rests  upon,  is  untenable.  In  his 
WQik  on  the  Foraminifera  of  the  Vienna  basin,  M.  D'Orbigny  assigned  a 
position  to  these  animals  as  an  independent  class  between  Echmoderms  and 
Polypes,  which,  from  the  present  knowledge  of  the  structure  and  reproduc- 
tiim  of  those  classes,  we  cannot  suppose  he  would  seek  to  maintain. 

GLAsraFiGAnoK  OF  Rhizopoda. — ^The  first  division  of  Ehizopoda  that  suggests 
itself  is  into  naked  and  testaceous  forms,  or,  as  Ehrenbeig  would  say,  into 
iUoricated  and  loricated.  The  naked  forms  constitute  the  family  Amoebinay 
lepresented  by  the  single  genus  Amaba, 

The  determination  of  specific  characters  in  this  fsimily  is  attended  by  almost 
insormountalde  difficulties,  and  can  only  be  unsatis&ctory,  by  reason  of  the 
absence  of  any  definite  figure,  and  of  determinate  organs  or  parts.  More- 
orer  the  semifluid  body  of  any  one  presumed  species  must  be  much  influenced 
by  external  causes,  and  in  some  measure  by  the  matters  which  may  have 
entered  into  its  substance ;  and  the  Uke  causes  will  doubtless  operate  by 
modifying  the  outline,  dimensions,  and  number  of  the  processes.  Among 
such  causes  the  density  of  the  liquid  in  which  they  live,  and  the  quantity  of 
wganic  matter  contained  in  it,  may  be  particularly  mentioned.  GlaparMe 
remarks — "  It  appears  almost  absurd  to  attempt  the  distinction  of  species 
amongst  the  Afnc^>€B  until  we  know  somethmg  more  of  their  intimate 
organizataon.  Thus  Ehrenberg's  A.  radiosa  is  characterized  by  the  regularity 
of  its  processes,  and  its  generally  stellate  form  when  at  rest ;  but  when  the 
ereature  creeps,  it  slowly  expands  and  the  peculiar  outline  disappears;  it 
fiOw$  along  like  a  cloudy  veil  or  drop  of  oil,  and  A,  radiosa  has  become  converted 
into  A.  dijffUtens.*'  Yet,  this  autiior  afterwards  goes  on  to  say — "  even  the 
ehangeable  Amahce  have  their  typical  forms,  such  as  the  stellate  and  globu-* 
lar."  Other  grounds  of  specific  distinction  (of  no  very  certain  value,  indeed) 
are  found  in  the  shape,  length,  and  mode  of  termination  of  the  variable  pro- 
eesaes,  and  in  the  size,  colour,  transparency,  activity,  and  habitats  of  these 
beings. 

The  Testaceous  Bhizopoda  naturally  ML  into  two  groups,— K>ne  distinguished 
by  having  a  unilocular,  the  other  a  multilocular,  shell — ^the  former  called,  by 
Schnltce,  Manathdlamia,  the  latter,  Polythalamia  or  Foraminifera,  These 
grand  divisions  have  been  recognized  by  every  naturalist ;  but  some  have  been 
led,  item  giving  importance  to  other  particulars,  to  arrange  differently  cer- 
tain genera,  or,  otherwise,  to  detach  some  as  additional  feunilies. 

Thus  Ehrenbeig,  swayed  by  his  polygastric  hypothesis,  and  satisfied  in  his 
own  mind  ihai  the  AreeUce,  DtfflugicB,  and  one  or  two  other  monolocular  genera 
poeaesaed  a  series  of  stomachs  and  other  organs  like  other  Folygastria,  united 
^oee  ganera  into  a  &mily  which  he  called  AreeUina.  This  detachment  of  one 
group  of  paendopodous  beings  from  the  rest,  he  farther  justified,  as  heretofore 
stated,  by  representLog  it  to  have  silicious  instead  of  calcareous  shells.  In 
this  dialocaticm  of  evidently-allied  forms  he  finds  no  imitators,  and  is  unsup- 
ported by  facts. 

B'Ortngny  distinguished  the  one-<chambered,  sac-Hke,  dielled  Bhizopoda 
aafmeofthe  six  orders  into  which  he  separated  the  Foraminifera,  and  named 
it  Monottegia.  This  order  is  nearly  equivalent  to  that  framed  by  Ehrenberg, 
under  the  title  of  Monosomatia,  to  comprehend  the  genera  Oromiaj  Orhdina^ 
•ad  (hmUna, — a  term  subsequently  borrowed  by  Siebold,  but  extended  by  him 
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80  as  to  indade  not  only  the  particnlar  genera  enumerated,  but  also  the 
families  Amc^xx  and  ArcelUfia  of  that  naturalist. 

The  term  Manathalamia  contrasts  veil  with  that  of  Poly^udamia,  expresees 
the  fact,  and  inrolves  no  hypothesis  as  do  Ehrenberg's  words  Monosomatiu 
and  Polysomatiay  which  are  founded  on  his  belief  in  the  colony-like  aggrega- 
tion of  several  individuals  within  a  Foraminiferous  shell. 

The  MonoiJidlamia  of  Schultze  (as  before  remarked)  do  not  precisely  cor- 
respond with  the  one-celled  group  of  either  of  the  other  authors  named ;  for^ 
besides  the  Monostegia  of  D'Orbigny,  it  comprehends  the  ArceUina  of  Ehren- 
berg  and  a  few  other  new  genera.  The  groupings  and  relations  of  the  several 
species  are  represented  in  the  appended  table  exhibiting  Schultze's  system. 

In  the  dasfflfication  of  the  Monothalamia  certain  and  constant  characters  are 
dedudble  from  the  shells,  whilst  those  drawn  from  the  soft  parts,  from  the 
length  or  tenuity  or  mode  of  termination  of  the  pseudopodes,  are  of  oompara- 
tivdy  secondary  importance,  and  not  to  be  relied  on  alone.  Definite  charac- 
ters are  derivable  from  the  figure,  size,  composition,  sculpturing  or  appendages, 
and  colour  of  the  entire  shdl,  from  ihe  presence  of  a  single  large  aperture  or 
of  many  small  pores,  and  from  the  form  of  the  aperture  and  of  its  margin  ; 
consequently  it  is  in  the  shells  of  the  Polyihalamia  that  we  must  seek  generic 
and  specific  distinctions.  As  animals,  they  have  all  alike  the  same  sarcode  sub- 
stance, which  extrudes  similar  variable  fibres :  hence  any  diversities  observed 
in  its  colour  or  transparency,  in  its  contents,  or  in  the  manner  in  which  the 
processes  are  extruded  or  otherwise  comport  themselves,  serve  but  a  sub- 
ordinate purpose  in  the  scheme  of  classification.  On  the  contrary,  the  cha- 
racters of  the  shells  are,  within  certain  limits,  determinate  and  fixed.  They 
are  derivable  from  tiie  figure,  size,  colour,  and  consbtence  of  the  shell ;  fh>m 
the  markings,  processes,  pores,  and  slits  occupying  its  sur&u^;  from  the 
relative  position  and  figure  of  the  several  chambers;  from  the  mode  and 
degree  of  their  connexion  ;  and  from  the  presence  or  absence  of  large  apertures 
in  company  with  the  usual  foramina ;  and  last,  not  least,  frx>m  fiie  intimate 
structure  of  the  dielL  Dujardin  recognized  i^e  value  of  the  shells  to  sujpply 
the  basis  of  a  classification  of  the  Ehizopoda ;  but  he  had  recourse  to  the  form 
of  the  variable  expansions  to  make  his  primary  division,  '<  although,"  as  he 
remarks,  <'  it  has  no  absolute  value."  He  arr^iged  all  the  Bhizopoda,  with 
the  exception  of  the  AmahcB  (which  he  treats  as  a  distinct  family),  into  two 
sections, — one  having  a  single  unilocular  shell  with  a  single  large  aperture ; 
the  other  a  foraminiferous  compound  shell,  or  one  having  severed  aggregated 
chambers,  each  with  a  simple  orifice,  as  represented  by  the  tribe  Miliola,  It 
is  in  the  subdivision  of  these  sections  that  he  employs  characters  derived  ttom 
the  variable  processes.  Thus  he  separates  the  first  into — 1.  those  animals  pro- 
vided with  short  and  thick  processes  rounded  at  the  extremities,  viz.  Difflugta 
and  AreeUa ;  and  2.  into  those  having  fiUform  expansions,  acutely  drawn  out 
at  the  ends.  The  latter  division  is  more  largdy  represented ;  and  he  separates 
its  numerous  species  into  three  tribes,  viz.  Trhtemay  with  a  lateral  orifice ; 
Eughfphay  with  a  tuberculated  or  areolated  shell  and  few  simple  expansions ; 
and  Oramia,  with  a  membranous  spheroidal  shell  and  expansions,  thick  at 
the  base,  but  very  long  and  branching.  He  has  not  attempted  the  dasdfica- 
tion  of  the  whole  of  the  Forcmuniferay  but  restricted  his  account  to  some  few 
genera  which  he  has  found  in  a  living  condition. 

lyOrbigny  instituted  five  ordws  of  the  Polyihalamia,  viz. — 1.  SHchotiegiay 
having  the  cells  arranged  one  above  another  in  a  straight  or  slightly-curved 
line ;  2.  ffelicostegia,  with  cells  disposed  spirally  around  an  axis ;  8.  EtUo- 
mosteffia,  having  the  chambers  alternating  and  coiled  spirally;  4.  EnaUo^ 
tUgiay  with  alternating  but  not  spirally-dispoeed  chambers ;  5.  Agaihistegia, 
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luEfing  the  oeUs  RpiraUy  arranged,  but  each  one  oocopying  only  one-half  the 
circiiit. 

The  three  sections  proposed  by  Schnltze  are — 1.  shells  disposed  in  recti- 
linear aeries  or  in  a  slightly-cnrved  line,  BhahcUndea ;  2.  those  coiled  in  a 
sfHral,  Hdieaidea ;  3.  those  irregularly  aggregated,  Soroidea.  The  first  of 
these  cerresponds  to  the  Siiehostegia  of  D'Orbigny ;  the  second  includes  all 
the  lemaining  orders  of  that  writer ;  whilst  the  third  section  is  represented 
by  a  small  number  of  species^  previoosly  unmentioned,  which  Schultze  unites 
in  the  genns  AeervuUna, 

What  stmctnral  peculiarities  should  be  employed  to  determine  species,  is  a 
question  now  much  mooted  with  respect  to  tiie  Foramimfera,  In  reference 
to  this  subject.  Dr.  Carpenter  (in  the  annual  address  at  the  Microscopic  So- 
ciety, Feb.  1855)  observed  "  that  a  large  proportion  of  the  species,  and  even 
of  the  genera,  which  have  been  distinguished  by  systematists,  and  especially 
by  M.  D'Orbigny,  have  no  real  existence,  being  nothing  else  than  individual 
▼arieties."  This  error  is  at  once  accounted  for  by  M.  D'Orbigny's  mode  of 
proceeding  (as  stated) :  <<  for  that,  in  examining  any  new  collection,  he  set 
an  asristant  to  pick  out  the  most  dwergmt  forms,  and  then  described  all  that 
Bnig^t  prove  new  to  him  as  distinct  species,  without  troubling  himself  in  the 
least  about  those  connecting  links,  the  existence  of  whidi  should  have  at  once 
eonvinoed  him  that  he  was  following  an  altogether  wrong  method.  Through- 
oat  the  whole  of  his  labours  on  the  group,  in  fact,  I  find  the  influence  of  the 
erroneous  ideas  which  he  originally  entertained  with  regard  to  the  nature  of 
the  animal  of  the  Foraminifera ;  for  in  the  formation  of  his  orders,  as  well 
as  of  his  genera  and  species,  he  has  proceeded  as  if  the  characters  of  the  tes- 
taceous skeleton  were  of  the  same  distinctive  value  when  its  construction  is 
doe  merely  to  the  solidification  of  the  surface  of  a  minute  fragment  of  animal 
jelly,  whidi  is  subject  to  an  almost  indefinite  variation  botii  in  size  and  in 
shape,  as  when  it  belongs  to  a  moUusk  of  high  organization,  the  plan  of 
whose  conformation  is  definitely  fixed When  a  collection  is  brought  to- 
gether containing  huge  numb^  of  individuals  of  one  generic  type,  which 
appear,  however,  to  belong  to  several  distinct  species,  it  very  commonly  hap- 
pens that,  although  it  would  be  easy  to  make  6,  8, 12,  or  20  species  by 
selecting  the  most  divergent  forms,  yet,  when  the  attempt  is  made  to  sort 
the  entire  collection  under  these  types,  only  a  part  of  it  can  be  unhesitatingly 
arranged  around  them  as  centres,  the  remainder  being  transitional  or  inter- 
mediate forms,  for  which  another  set  of  species  must  be  made,  if  the  principle 
of  separation  be  once  adopted.  In  fact,  to  such  an  extent  does  individual 
▼aziatioa  often  go,  that  (as  in  the  case  of  the  human  race)  no  two  specimens 
are  precis^  ahke,  and  there  is  no  satis&ctory  medium  between  grouping 
them  aU  as  varieties  of  one  gpecies,  and  making  every  individual  a  epedeg,  which 
is  manifestly  absurd." 

The  error  of  D'Orbigny  has  not  escaped  Schultze's  notice ;  for  in  his  cluster 
on  classification  he  has  repeatedly  pointed  out  the  insufidenoyof  the  charac- 
ters on  which  that  observer  relied  in  framing  his  species,  genera,  and  fEimilies. 
For  instance  (p.  52),  he  points  out  the  erroneous  separation  of  the  Stichostegia 
(jyOrb.)  into  two  fEunilies,  according  to  the  equilateral  or  inequilateral  con- 
dition of  the  shell.  And  further  on,  he  remarks  that  the  variations  elevated 
by  D'Orbigny  to  the  rank  of  specific  distinctions  are  merely  accidental  diver- 
sities in  growth,  connected  together  by  every  intermediate  variety.  Hence, 
for  example,  he  combines  the  genera  TriloeuUna  and  Quinqtuhctdina  (D'Orb.) 
into  one  genus  Mtliola,  and  the  Orbitoides  and  OrbituUna  (D'Orb.)  into  a 
single  genus  Orintolites.  Various  other  illustrations  might  be  adduced,  for 
instance^  the  family  NauiiUnd<e ;  but  it  is  unnecessary  to  multiply  them.    It 
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is  only  fiair,  howerer,  to  state  that  D'Orbigny  is  not  alone  guilty  of  unduly 
manufactuiing  species,  but  that  Ehrenberg,  Reuss,  and  others  are  equally 
involved  in  tiie  fSault,  which,  by  the  way,  is  one  almost  inseparable,  and 
therefore  very  excusable,  in  the  case  of  the  first  observers  and  systematists  of 
any  newly-discovered  group  of  organic  beings, 

Mr.  Jeffireys  (Proc,  Boy.  Soc,  1855)  deplores  the  multiplication  of  species 
and  genera  in  the  present  day,  and  observes  that  *'  the  Foraminifera  exhibit  a 
great  tendency  to  variation  of  form,  some  of  the  combmations  (especially  in 
tiie  case  ot  MarginnUna)  being  as  complicated  and  various  as  a  Chinese  puzzle. 
It  is,  I  believe,  undeniable,  that  the  variability  of  form  is  in  an  inverse  ratio 

to  the  development  of  ^^TiimaU  in  the  scale  of  Nature I  am  induced  to 

suggest  the  following  arrangement : — 

*'  1.  Lagena  and  EhUosolerua. 

Nodosaria  and  Marginuiinay  &c. 

Varticialis,  Botalia,  LobattUa,  and  Gflohigerina,  &c. 

TexHlaria,  Uvigerina,  &c. 

Miliola,  BUocuMnay  &c. 

<<  This  division  must,  however,  be  modified  by  a  more  extended  and  cosmo- 
politan view  of  the  subject,  as  I  only  profess  to  treat  of  British  species.  To 
illustrate  McLeay's  theory  of  a  quinary  and  circular  arrangement,  the  caw 
may  be  put  thus : — 


"2. 
"3. 
"4. 
"5. 


"  The  first  &mily  is  connected  by  the  typical  genus  Lagena  with  the  second, 
and  by  the  Entosolenia  with  the  fifth ;  the  second  is  united  with  the  third 
through  MargmuUna ;  the  third  with  the  fourth  through  Glohigerina ;  and 
the  fourth  with  the  last  through  Uvigerina," 

We  append  a  tabular  view  of  the  groupings  into  families  and  genera,  as 
proposed  by  Prof.  Schultze,  since  it  presents  the  most  complete  system  yet  pro- 
duct, and  advances  much  nearer  a  true  arrangement  of  the  Foramimfeta 
than  that  made  by  M.  D'Orbigny. 
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RHIZOPODA. 

A.  NUDA 

Qen.  Amoeba  (Noctiluoa?). 

B.  TESTACfEA 

I.   MONOTHA  LAMIA. 

Tefte  orsliell  one-cfaambered ;  animAl nndiyided, haying tiie aameoonformation  as  theshell. 

Fam.  1.  Laothida. — ^A  iaocifi>rm,  caloareoua  or  membranooB,  non-porous  testa,  with  a  large 
openinf. 
Oen.  AitseUa,  iHfflugia,  Trinema,  Englypha,  Qromia,  Lagynis,  Onilina,  Fis- 
surina,  Sqnamnlina. 

Fam.  2.  Osbulhtida. — A  globose,  calcareous  testa,  finely  porous  throu^out,  without  a 
large  opening. 
Gen.  Orbulina. 

Fam.  3.  CoBiruspnuDA.— A  calcareous  shell,  conyoluted  like  that  of  a  Flanorbis,  with  a 
large  opening. 
Geo.  Comuspira. 

n.  FOLTTHALAMIA. 

ShiU  poIythalaiiKms ;  the  animal  composed  of  segments,  connected  by  conmiissural  bands. 

1.   Group  HiLIOOIDBA. 

The  diambers  disposed  in  a  spiral 

Fam,  4.  Mujouda. — ^Each  chamber  occupies  a  half-^iral,  which  is  developed  either  in 
one  plane  or  in  yarious  planes.    The  shell  has  only  one  large  opening 
at  the  extremity  of  the  last  spiral,  and  no  pores. 
Geo.    Uniloculina,  Biloculina,  Muiola,  Spiroloculina,  Articulina,   Sphss- 
roidina»  Adelosina,  Fabularia. 

Ftm.  5.  TuRBXHOiDA. — ^The  chambers  so  disposed  spiraUr  as  to  resemble  the  shell  of  Helix 
or  Turbo.    The  spiral  is  only  yisible  on  one  side  of  the  shelL    Some 
are  so  much  elongated  that  the  chambers  are,  as  it  were,  disposed 
alternately  in  two  contiguous  rows.    The  shell  has  a  large  opening 
in  the  last  chamber,  and  its  surface  is  almost  always  finely  perforated 
Subfiun.  1.   Bataada.—SbeU  flattened  or  conical;  chambers  do  not  encirole  each 
other ;  shell  glass-like,  transparent ;  finely  perforated. 
Gen.  Botalia,  Bosalina,  Truncatulina,  Anonudina,  Planorbulina,  Asterigerina, 
Galcarina,  Siphonina,  Flanulina,  Colpopleura,  Forospira,  Aspidbspira. 
SobAun.  2.   UveUida, — Shell  m  the  form  of  a  longer  or  shorter  cluster  Uke  a  bunch 
of  grapes.     Hie  chambers  frequently  appear  to  almost  completely 
embrace  one  another.     Shell  usually  tmck  and  coarsely  perforate, 
or  solid. 
Gen.  Globigerina,  Bulimina,  Uyigerina,  Guttulina,  Candeina,   Globulina, 
Chmalidina,  Fyrulina,  CSlavulina,  Folymorphina,  Dimorphina,  Yer- 
neuiUina,  ChilortomeUa,  Allomorphina,  Bhynohospira,  Strophoconus, 
Grammobotrys. 
Sobfiun.  3.  TaeHUtrid<L — Spire  so  much  produced  that  the  chambers  form  a  double 
row  and  ahemate. 
G«n.  Gandryna,  Textilaria,  Virgulina,  Vulrulina,  Sagrina,  Bigenerina,  Bo- 
liTina,  Glemmulina,  Cuneolina,  Olidostomum,  Froroporus. 
.Aihfam   4.  Camidulinida. — ^Textilaridie  curved  once  in  a  direction  perpendicular  to 
tiie  original  spiral 
G«n.  Ehienbergina,  Oassidulina. 

Fmm.  6.  Nautiloida.— -The  chambers  so  disposed  spirally  that  the  shell  has  a  general 
resemblance  to  that  of  an  Ammonite  or  Nautilus.  The  api^  is  either 
visible  or,  otherwise,  concealed  on  both  sides  of  the  shell  The  anterior 
wall  of  the  last  chamber  is  furnished  with  one  larser  or  several  smaller 
openings ;  the  other  portion  c^  the  shell  is  usually  finely  perforated. 

Subfiun.  1.    Cru^e/ZorSa.— Shell    thick,    finely  perforate,    colourless,  transparent; 
chambers  encircling,  with  a  large  opening  at  the  upper  an^le  of  the 
antericv  wail  of  the  last  chambw,  which  corresponoB  in  position  with 
the  conmiunicating  openings  between  the  several  chamb^ 
Gen.  Cristellaria,  Bobulma,  Marginulina,  Flabellina. 

Scdifom.  2.  Mmtofti*!.— SheU  thick  or  thin,  colourless,  transparent,  finely  perforate ; 
duunbem  either  encircling  (imbricate)  or  not    The  opening  is  in  the 
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anterior  wall  of  the  &nA  chamber  on  the  under  side  looking  towards 
the  penultimate  spiral ;  the  communicating  openings  of  tlie  several 
chambers  have  a  similar  position. 

Qen.  Nonionina,  Hauerina,  Orbignjna^  Fusulina,  Nummulina,  Assilina, 
Siderolina,  Amphistegina.  Operoulina  and  HeterostM^ina  ^uld  pro- 
bably be  formed  into  a  special  subfamily  of  NonionicuL 
Subfam.  3.  Pmerophda. — Shells  usually  thin,  always  brown,  and  transparent  with  or 
without  fine  pores ;  the  chambers  Terr  narrow,  eiUier  imbricate  or  not. 
Numerous  openings,  scattered  oyer  we  whole  of  the  anterior  wall  of 
the  last  chamber;  or,  instead  of  these,  a  large  opening  produced  by 
the  coalescence  of  numerous  smaller  ones. 

Qen.  Feneroplis,  Dendritina,  Vertebralina,  Ckwcinospira,  Spirolina,  litaola. 
Jppended  genus,  Orbiculina. 
Subfam.  4.  Poly8t(mellida.—^heii  tolerablT  thick,  colourless,  fiimsparent,  finely  por- 
ous ;  chambers  imbricated ;  the  anterior  wall  of^  the  last  chamber 
has,  besides  the  fine  pores,  either  no  larger  opening  at  all,  or  a  few 
Tery  small  irregular  scattered  fissures,  on  md  contrary  side  to  the 
penultimate  whorL  The  same  applies  to  the  septa.  On  the  surfisoe 
of  all  the  chambers,  rows  of  fissure-like,  often  perforating,  depressions 
are  placed  at  right  angles  to  Hoe  direction  of  the  septum. 

Qen.  PolystomeUa. 

Fam.  7.  ALyBOLiitioA. — Qlobose,  oyoid,  or  barl6y-ehi^[>ed  shells,  composed  of  spiral  tabes, 
each  resembling  a  comuspira,  and  furnished  with  a  special  opening 
at  the  end  ofthe  turn  or  spind.  The  tubes  all  communicate  by  con- 
necting openings,  and,  besides  this,  are  all  subdivided  by  incomplete 
dissepiments  (partitions),  in  the  same  manner  as  species  of  Nonionina. 
The  situation  of  these  septa,  which  are  but  few  in  number,  and  of  the 
connecting  openings,  is  mdicated  by  lines,  which  trayerse  the  shell  in 
the  direction  of  meridional  lines. 
Qen.  AlyeoUna. 

Fam.  8.  Sokitida. — ^Discoid,  multicellular  shells,  exhibiting  an  indication  of  a  hdiooid 
spiral  only  in  the  centre ;  elsewhere  cycloid,  that  is,  growing  uniformly 
at  the  whole  border  of  the  disk.  The  brown,  transparent,  finely  porous 
shell  is  formed  of  minute  chambers,  connected  together  in  the  direc- 
tion of  straight  or  curved  radii,  and  each  presenting  a  large  opening 
at  the  border  of  the  disk. 
Qen.  Sorites,  Amphisorus,  Orbitulites.  Appended  genus,  Cydolina  (diam- 
bers  perfectly  annular,  with  numerous  openings  on  the  border  of  the 
disk). 

2.  Qroup  Bhabdotdsa. 
The  chambers  piled  one  on  another,  in  a  straight  or  slightly  ourved  line,  in  a  single  row. 

Fam.  9.  Nodosabida. — ^Bod-shaped  shells,  whose  chambers  are  superimposed  one  upon 
another  in  a  row,  and  communicate  with  each  other  by  a  large 
opening;  a  similar  opening  in  the  last  chamber  ^except  in  the 
genus  Conulina^  which  nas  numerous  openings  insteaa  of  the  single 
one).  The  shell  usually  thick,  probably  always  perforated  by  fine 
pore-canals. 
Qen.  G&andulina,  Kodosaria,  Orthocerina,  Dentalina,  Frondioularia,  lin- 
gulina,  Bimulina,  Yaginulina,  Webbina,  Conulina. 

3.   GhrOUD  SOROIDBA. 

Chambers  grouped  in  irregular  masses. 

Fam.  10.  AcsRyuLiNiDA. — Ohambers  usually  globose,  disposed  very  irr^galarlr,  and  of 
pretty  uniform  dimensions;  shell  findy  perforate,  with  a  few  Iwger 
openings  at  indeterminate  places. 
Qen.  Acervulina. 

The  preceding  account  of  the  Bhizopoda  we  believe  to  be  ample  to  lead  the 
student  forward  in  the  study  of  that  peculiar  class  of  animals.  Yet,  with  re- 
spect to  the  division  Foraminifera  it  may  be  considered  less  complete  :  for, 
from  the  close  attention  given  of  late  to  those  beings,  every  monthly  and 
quarterly  periodical  of  natural  science  teems  with  fresh  facts  and  opinions 
concerning  them ;  and,  above  all,  we  have  had  placed  in  our  hands,  since  the 
foregoing  history  was  written,  the  very  elaborate  and  critical  researches  of 
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Prof.  Williamson  and  Dr.  Carpenter,  to  which  we  would  purticalarij  refer 
the  inqnirer  intent  on  following  out  his  knowledge  of  the  Foraminifera^  hat 
which  both  the  dimensions  and  the  character  of  the  present  woric  forbid  the 
attempt  to  condense  or  analyse  in  its  pages.  Prof.  Williamson's  work, '  On  the 
Beoent  Foramimfera  of  Great  Britain/  forms  the  volume  for  1857,  published 
by  the  Bay  Society.  Dr.  Carpentei^s  learned  essays  on  the  structure  of 
sheUs,  on  the  value  of  form  and  other  external  characters  in  generic  and  spe* 
dfie  groupings,  and  on  the  structural  and  physiological  relations  of  several 
genera,  are  to  be  found  in  the  '  Transactions '  and  in  the  '  Proceedings '  of 
the  Boyal  Society. 

Additional  facts  concerning  both  the  structure  and  relations  of  the  several 
groups  of  lUiizopoda  will  be  found  in  our  Systematic  History  of  them  in  Part  II. 


SUBFAMILY  OF  BJEIZOPODA,  ACTINOPHBYINA. 
(Plate  XXTTI.  24-^7.) 

This  is  a  remarkable  group  of  Protozoa,  which  can  take  its  place  neither 
with  Ciliata  nor  strictly  with  Bhizopoda,  although  its  affinities  with  the  latter 
are  very  close.  Ehrenbei^  attached  the  several  forms  of  this  fiimily  with 
which  he  was  acquainted  to  his  heterogeneous  collection — ^the  family  EncheUa, 
and  referred  them  to  five  genera,  viz.  AcHnophrys,  TriekodtBcuSy  Podopkn/a, 
Dendrosoma,  and  Acineta,  Moreover,  according  to  his  fundamental  hypothesis, 
he  represented  them  to  have  a  mouth  and  an  anus,  an  alimentary  canal  with 
offshoots  in  the  shape  of  stomach-vesicles,  a  sexual  gland,  and  ova.  Since 
the  Berlin  professoi^s  investigation  of  these  animalcules  was  made,  several 
distinguiahed  naturalists  have  most  carefully  studied  them,  and  particularly 
the  Actmophrys  Sol. 

In  our  last  edition  we  named  a  genus  Alderia,  in  honour  of  Prof.  Alder,  to 
distinguish  certain  organisms  described  by  him  in  the  Annals  of  Natural  His- 
tory (1851,  vii.  p.  427).  Subsequently,  however,  that  eminent  naturalist  wrote 
us  to  state  that  the  name  proposed  had  been  already  applied  to  a  genus  in  an- 
other class  of  animals ;  and  on  further  consideration  and  reference  to  Stein's 
researches,  we  were  inclined  to  renounce  their  claim  to  a  generic  independ- 
ence, and  to  consider  them  three  forms  of  Podophrya,  Dr.  8.  Wright  has, 
however,  apparently  observed  the  same  beings  very  lately,  and  instituted  a 
new  genus,  E^helota,  to  receive  them  (Edinb.  New  Phil,  Joum,  1858,  p,  6). 

Notwithstanding  the  very  close  affinities  of  AcHnophryina  and  Acinetina, 
there  are  sufficient  differences  between  the  two,  and  so  many  peculiar  forms  of 
the  latter  that  they  deserve  a  particular  consideration. 

The  history  of  tie  first  family  is  very  fairly  represented  by  that  of  AcHno- 
phrys Soly  or  of  Act.  EU^vormiy  both  of  which  have  been  very  completely 
studied  by  Siebold,  Eolliker,  ClaparMe,  Stein,  and  Weston.  Some  diversity 
prevails  among  these  several  observers  respecting  a  few  points  in  their  organ- 
ization, which  it  will  be  incumbent  on  us  to  notice  in  the  proper  place.  The 
species  of  Admophrys  have  a  circular  figure,  and  are  either  spherical  or  so 
compressed  as  to  have  a  discoid  form  (XXTTI.  28,  29).  The  distinctive 
peuliarity  of  their  figure  is,  however,  due  to  the  filaments  or  tentacles,  which 
radiate  from  all  parts  of  their  surface  and  give  the  beings  (to  employ  a 
fftTnfliar  and  uot  inapt  illustration)  the  appearance  of  a  ball  of  cotton  stuck 
thickly  over  with  pins ;  for  the  filaments  have  nodular  extremities,  or,  in 
technical  phrase,  are  capitate.  The  figure  is  determinate,  and  in  this  respect 
contrasts  with  the  protean  changes  of  form  exhibited  by  Bhizopoda.  Not 
that  the  figure  is  completely  un^terable ;  for  slight  variations  are  possible, 
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although  slower  than  even  those  of  Amaha,  Stein  represents  the  usual  orbi- 
cedar  figure  to  be  frequently  exchanged  for  a  pear-shaped,  an  oblong,  or  a 
partially  angular  and  lobed  one, — ^varieties  dependent,  according  to  his  state- 
ments, upon  inherent  changes  taking  place  in  connexion  with  progresaLve  de- 
velopmental phenomena.  The  aspect  of  the  entire  organism  is,  moreoyer, 
modified  from  time  to  time,  by  the  altered  length,  direction,  and  disappear- 
ance of  a  portion  of  the  filaments,  chiefly  consequent  on  the  act  of  prehension 
in  which  they  are  engaged.  Stein,  indeed,  represents  still  more  considerable 
modifications,  involving  the  complete  disappearance  of  tentacles  from  varioas 
portions  of  the  sur&ce,  and  the  aggregation  of  the  rest  upon  angnlar  emi- 
nences in  a  penicillate  manner, — an  occurrence  which  would  assimilate  still 
more  closely  the  Acdno^phryina  and  the  Acinetina.  Lastly,  the  figure  is  varied 
during  the  acts  of  self-division  and  of  conjugation,  as  will  be  presently  noticed 
at  lai^. 

In  colour  the  Ajotinophryina  are  commonly  of  a  milky-yellow  or  greyish 
hue,  the  intensity  of  which  is  determined  by  the  number  of  contained  granules, 
or,  in  other  words,  by  the  supply  of  nutriment.  Acetic  add  and  cold  solution 
of  potash  remove  colour ;  the  latter  fluid,  when  heated  rapidly,  dissolves  the 
entire  mass,  and  indicates  its  nitrogenous  nature.  Observers  are  not  agreed 
on  the  point  of  the  existence  of  an  integment.  Dujardin,  Kolliker,  and  Cla- 
parMe  deny  it,  whilst  Stein,  Perty,  and  Mr.  Weston  {J.  M.  8. 1856)  a£Bbin  its 
presence.  Among  the  latter,  one  speaks  of  it  as  a  hyaloid  membrane ;  anotiier 
declares  it  to  be  double,  consisting  of  a  delicate  elastic  membrane  immediately 
investing  the  contractile  substance  of  the  animalcules,  covered  by  an  outer 
firmer  tunic.  This  statement  is  especially  made  by  Stein  of  Podcphrya,  which 
is,  in  his  opinion,  a  merely  stalked  variety  of  Aetinaphrys,  and  indistJugnishahle 
from  it  even  as  a  species  (XXIII.  1, 3,  4,  6).  On  the  contrary,  C^^ikowsky 
{J,  M,  8, 1857,  p.  98)  remarks  that  he  could  discover  no  membrane  surround- 
ing the  body  of  that  animalcule.  To  account  for  this  diversity  in  descriptive 
details,  we  must  suppose  that  the  different  authors  have  not  had  the  same 
animalcule  imder  observation ;  indeed  Stein  asserts  that  Kolliker  did  not 
examine  Actinophrys  Sol,  as  he  supposed,  but  Act,  Eichomii.  lieberkuhn 
likewise  suggests  that  ClaparMe  and  Kolliker  have  written  upon  difier^t 
species  under  the  same  name ;  and  Stein  must,  we  believe,  have  committed 
a  similar  mistake ;  for  the  Actinophrys  and  Podopkrya  described  by  him  differ 
in  so  many  important  particulars  from  beings  beanng  the  same  name  in  the 
writings  of  others,  that  it  seems  impossible  they  can  be  identical  with  them. 
The  fact  seems  to  be  that  certain  Acinetce  have  in  external  characters  so  dose 
resemblance  to  Actifiophryina,  that  they  may  be  mistaken  for  them.  Be  this  how 
it  may,  if  we  take  into  consideration  the  peculiar  relation  of  the  tentades  with 
the  body,  their  movements,  and  especially  the  mode  of  introducing  fi>od  into 
the  interior,  it  seems  quite  improbable  that  there  should  be  a  firm  investing 
membrane.  These  remarks,  indeed,  apply  only  to  the  usual  forms  or  phases 
of  these  beings ;  for  when  an  encjrsting  process  proceeds,  then,  ceitainly, 
an  external  envelope  will  manifest  itself,  yet  not  without  the  sacrifice  of  the 
tentacula  and  of  the  ordinary  phenomena  of  vital  activity,  the  ingestion  of 
food  and  the  like.  "  It  is  impossible,"  to  quote  dapar^e  {A.  N.  H.  1855,  xv. 
p.  286),  "  to  admit  the  existence  of  a  general  int^ument,  as  Actmophrys  can 
push  out  the  mucous  or  gelatinous  matter  of  which  its  body  is  composed,  take 
in  nourishment,  or  evacuate  the  residue  of  digestion,  from  any  point  of  its 
surface  at  pleasure."  In  this  same  observer's  opinion.  Forty's  notice  and 
figures  of  a  capsule  are  evidently  erroneous,  the  consequence  of  optical  illu- 
sion. Mr.  Carter  adopts  an  intermediate  opinion,  by  achnittrug  the  existence 
of  an  envdoping  pellicula,  like  that  in  Amceba,  which,  although  not  a  separable 
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layer  or  akin,  is  a  somewhat  firmer  or  more  condensed  tissue  than  that  sub- 
jacent. 

The  Aetinophryina  are  composed  of  a  homogeneous  elastic  sarcode,  occupied 
by  granules  in  varying  number,  and  by  yacuolsd.  The  granules  are  especially 
accumulated  in  the  centre,  to  which  they  consequently  impart  a  greater  opacity 
and  deeper  colour.  Hence  several  authors  have  spoken  of  a  central  medullary 
mass  surrounded  by  a  clearer  cortical  lamina  (XXTTT.  28,  29).  Still  there 
is  no  natural  separability  into  two  such  portions ;  for  their  relative  size  varies 
according  to  the  supply  of  food  received.  Br.  Strethill  Wright  (in  a  letter) 
proposes  to  apply  the  unexceptionable  terms  "  endosarc  *'  and  "  eetosarc  "  to 
the  medullaiy  and  cortical  portions  respectively.  The  contained  granules  are 
rounded,  opaque,  and,  ibr  tiie  most  part,  of  a  fathr  character,  ^e  granules 
aie  less  abundant  in  the  ectosarc ;  but  tiiose  of  a  finer  sort  are  seen  in  smaller 
numbers  even  in  the  lower  end  of  the  filaments,  and  Lachmann  (A.  N.  H, 
1857,  xix.  p.  223)  asserts  that  he  has  seen  their  motion  there,  as  well  as  in 
the  general  substance  of  the  body.  Mr.  Weston  also  remarks  {op,  eit.  p.  122), 
"With  a  -J-th  objective  I  can  distinctly  see  granules  in  constant  motion  in  the 
body  of  the  Actinophrys,  similar  to  those  always  found  in  the  points  of  Oloi- 
termm  Lunula."  The  vacuoles  occur  both  in  the  cortical  and  medullary 
portions,  but  are  smaller  in  the  latter,  and  they  never  penetrate  into  the 
substance  of  the  filaments. 

At  first  sight,  as  EoUiker  notices,  the  tissue  appears  delicately  odlular :  a 
doser  inspection,  however,  shows  tiiat  this  is  not  the  case ;  for  on  pressure 
being  made,  a  coalescence  into  laiger,  or,  otherwise,  a  subdivision  into  smaller, 
areoke  is  the  consequence  (XXTTT.  28,  29,  30). 

The  tentacles  or  filaments  give  to  the  Aetinophryina  their  most  distinctive 
features.  They  are  usually  pretty  regularly  and  uniformly  distributed  over 
the  entire  surface,  and  in  fi^^ure  taper  from  the  base  to  tiie  apex,  which  is 
surmounted  by  a  rounded  knob.  Unlike  other  observers,  CienkowAy  {J,  M.  S, 
1857,  p.  101)  represents  the  capitate  form  to  be  exceptional,  and  that  the 
rule  is  for  the  filaments  to  taper  like  setee.  Dujardin,  by  the  way,  appeals  to 
have  thought  the  capitate  extremities  accidental ;  for  he  describes  the  filaments 
88  often  becoming  globular  in  the  act  of  contraction.  In  smaller  specimens 
the  filaments  exceed  the  diameter  of  the  body  in  the  length,  but  in  larger 
ones  are  not  more  than  equal  to,  or  are  even  less  than,  it.  In  the  same 
species  their  number  and  position  are  tolerably  constant.  In  composition, 
the  tentacula  are  processes  given  off  from  the  sarcode  mass,  and  are  destitute 
of  an  int^ument,  as  proved  by  their  power  of  coalescence  when  approximated. 
They  are  retractile,  and  can  be  withdrawn  into  the  common  mass  ;  they  can 
also  be  directed  towards  different  sides,  and  curved  upon  themselves.  Perty 
states  that  they  can  assume  so  rigid  a  condition  that  other  animalcules  some- 
times impale  themselves  upon  them  ;  this  statement  is  nevertheless  uncon- 
firmed, and,  indeed,  seems  scarcely  probable.  KoUiker  (op.  eit,  p.  31)  speaks 
of  the  filaments  as  undergoing  various  changes  of  form,  **  such  as  elongation, 

shortening,  local  swelling,  bending,  &c It  is  especially  interesting  to 

observe  that  the  filaments,  singly  or  together,  frequently  disappear  entirely, 
entering  at  last,  as  it  were,  by  continued  retraction,  into  the  substance  of  the 
body,  living  no  trace  of  their  former  existence. .  .  .whether  the  filaments 
which  disappear  are  always  reproduced  in  the  same  spot  is  not  determined ; 
in  some  instances  this  did  not  appear  to  be  the  case,  although  in  every 
instance  the  number  and  position  of  the  filaments  is  pretty  constant " — ^unlike 
the  variable  processes  of  Amoeba,  Ehrenberg  assigned  to  the  tentacles, 
among  other  purposes,  that  of  organs  of  progression  ;  direct  observations  are, 
however,  wanting  to  prove  this  purpose,  and  both  KoUiker  and  Stein  are 
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quite  unable  to  admit  it  as  even  probable.  They  have  been  supposed  by 
several  authors  to  have  a  benumbing  effect  upon  the  prey  they  may  sdze  ; 
but  this  view  is  merely  hypothetical.  "  It  is  nevertheless,"  says  ClaparMe 
{op,  cU,  p.  287),  ^'  quite  certain  that  small  animalcules  and  plants  remain 
adherent  to  them  ;  for  these  rays  are  true  tentacles.  Indeed,  their  contact 
must  have  something  very  unpleasant  about  it ;  for  larger  Infusoria,  even 
such  as  Paramecium  Aurelia,  on  coming  accidentally  within  their  reach,  start 
back  with  the  greatest  rapidity,  sometimes  even  dragging  the  Aetinophrys  a 
considerable  distance  with  them."  So,  again,  Weston  states — **  on  the  instant 
of  contact  with  these  tentacles,  the  victim  appears  paralysed."  Yet,  withal, 
it  seems  clear  that,  unless  actual  contact  ensue,  no  harm  attends  proximity 
to  the  formidable  prehensile  organs ;  for  animalcules  may  frequently  be  seen 
swimming  about  unharmed  among  them.  EoUiker  rejected  the  supposition 
of  an  intrinsic  fatal  influence  existing  in  the  filaments,  which  appeared  to 
him  to  serve  only  for  retaining  the  prey  by  theii-  adhesive  surface,  and  pro- 
bably to  involve  it  with  their  extremely  fine  extremities,  until  they  drew  it 
by  their  progressive  contraction  to  the  suifiEU^e.  Even  after  being  seized  upon, 
an  animalcule  may  escape,  both  by  great  exertions  in  tearing  itself  away,  and 
sometimes,  as  Mr.  Weston  remarks,  by  the  act  of  the  Aetinophrys,  when^  as 
it  would  seem,  its  appetite  was  ''  sated,  or  the  prisoner  was  not  approved ; 
for  after  remaining  stunned  sometimes  for  a  few  seconds,  four  or  five,  some- 
times much  longer,  ciliary  motion  (of  a  VorHceUa,  for  instance)  is  feebly  com- 
menced, not  with  sufficient  raiergy  to  produce  motion,  but  as  if  a  return  to 
vitality  were  being  effected  by  struggles ;  shortly  it  is  seen  to  glide  off  the 
tentacle  (as  if  this  appendage  possessed  the  power  both  of  appropriation  and 
rejection),  and,  frequently  with  but  little  sign  of  recovered  life,  it  slowly  floats 
out  of  the  field."  One  function  distinctly  possessed  by  these  tentacula  is 
that  of  sensibility.  KoUiker  has  thus  well  conveyed  this  fact  (op.  cit.  p.  33) : 
— ^^Aetinophrys  perceives  mechanical  influences,  and  reacts  upon  them  by 
movements.  This  is  proved  by  what  takes  place  when  animalculeB,  &c. 
remain  affixed  to  its  tentacles,  and  moreover  by  the  circumstance  that,  when 
the  water  in  which  it  is  contained  is  carelessly  agitated,  every  AcUnophrys 
contracts  its  tentacles  and  even  makes  them  disappear  altogether  (and, 
indeed,  with  greater  speed  than  is  otherwise  perceived  in  these  creatures), 
and  when  all  is  quiet  they  are  again  protruded.  These  filaments,  conse- 
quently, may  just  as  well  be  caUed  tactile  as  prehensile ;  or  it  may  more 
generally  be  said,  that  the  substance  of  the  body  is  bodi  contractUe  and 
sensitive." 

MovEHENTS. — ^There  is  not  much  to  be  said  respecting  the  movements  of 
the  Aetinophryi/na ;  for  these  beings  are  even  more  sluggish  than  the  AmoebcBa^ 
and  appear  to  change  place  rather  as  mere  passive  particles  of  matter  than  as 
living  animals.  They  may  float  hither  and  thither  in  the  fluid  surrounding 
them,  or  rise  to  the  surface ;  but  how  this  latter  movement  is  effected  we  have 
no  data  to  show.  On  this  subject  KoUiker  has  the  following  paragraph : — 
**  Its  power  of  moving  from  place  to  place  is  indubitable ;  for  it  was  found,  for 
instance,  that  when  a  vessel,  with  several  individuals  of  Aetinophrys,  was 
emptied  into  a  flat  glass  capsule,  they  were  all  at  flrst  scattered  about  at  the 
bottom,  but  subsequently,  after  frt)m  12  to  24  hours,  were  all  floating  at  the 
surface,  and,  indeed,  at  the  side  of  the  capsule.  Ehrcnberg  and  Eichhom 
assert  that  tJie  ascension  of  Aetinophrys  in  the  water  is  effected  by  the  taking 
in,  and  the  descent  by  the  giving  out,  of  air.  But  this  is  certainly  not  the 
case ;  for  whence  could  they  obtain  this  air  ?  Can  it  be  said  they  secrete  it 
within  themselves  like  fishes  ?  In  that  case  it  must  be  visible.  It  appears 
to  the  author  more  natural  that  the  rising  and  sinking  should  be  effected  by 
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alternate  eontractiona  and  expansions  of  the  whdie  body.  Other  motioiia  can 
affect  both  the  filaments  and  the  body,  but  in  any  case  only  through  the 
slowest  possiUe  contractions."  Besides  these  ill-understood  translations 
from  place  to  place,  and  those  movements  chiefly  affecting  the  tentacles  in 
the  act  of  taking  in  food,  to  be  presently  noticed,  there  also  occur,  according 
to  Kc^liker,  "  fiaimt  indications  of  contraction,  such  as  slight  undulations  <^ 
the  b(Nrder,  and  inconsiderable  quiveaing  moticms  here  and  there.  The  <»'eature 
also  seems  to  be  capable  of  altering  its  entire  form  to  a  certain  extent,  and  to 
be  aUe  to  expand  and  to  ccmtract  its^  in  tato.**  Stein  contradicts  these 
statements,  affirming  that  he  could  neither  obsenre  any  moyement  in  the 
(Hganic  mass,  nor  any  change  of  position,  whilst  Clapardde,  on  the  other 
himd,  writes,  **  nevertheless  tiie  animal,  in  its  ordinary  sun-like  form,  is  able 
to  move  dowly  in  a  given  direction ;  but  during  this  movement  no  contraction 
of  the  body  or  bending  of  tiie  tentacles  is  to  be  observed."  A  singular  obser- 
vation is  recorded  by  Mr.  Boswell  {T.  M,  8.  1854,  p.  25),  which  needs  con- 
firmation before  it  can  be  accepted,  viz.  that  the  AOinopJiryina  can  suddenly 
diange  their  place  by  a  leap.  This  i^enomenon,  he  tells  us,  he  witnessed 
twice  among  a  number  of  the  animalcules  found  floating  on  the  surface  of  the 
water.  Usually  the  Aetinophrys  is  found  attached  to  some  object,  and  that 
so  firmly  that  large  animalcules  may  strike  against  it,  or  strong  succussions 
of  the  water  take  place  without  loosening  it  from  its  hold.  Podophrya  and 
Dendrosoma  are  exceptional  Actinophryina,  by  possessing  a  pedicle.  In  the 
former  this  stem  is  commonly  short  and  always  simple,  whilst  in  the  latter 
and  hitherto  little-known  genus  it  is  branched.  As  elsewhere  noticed.  Stein 
wiU  not  admit  the  pedicle  of  Podophrya  to  be  a  generic,  indeed  not  even  a 
specific,  distanction,  and  therefore  tr^ts  Aetmophrys  and  Podophrm  as 
identical.  In  connexion  with  his  belief  in  the  presence  of  an  enclosing 
integument,  he  describes  the  wall  of  the  hollow  pedicle  of  Podophrya  to  be 
continuous  upwards  with  the  external  envelope  of  the  body  (XXIU.  3,  4). 
It  is  proper,  however,  to  remember  that  Stein  wanted  both  to  establish  his 
hypothesis  of  the  conversion  of  Vortieella  into  an  AcHnophrys  and  Podophrya, 
88  a  consequence  of  the  act  of  encysting,  and  preparatory  to  embryonic  r^ro- 
duction,  and,  ftirther,  to  assimilate  those  genera  with  various  AcinetcB,  which, 
in  his  opinion,  were  derivable  from  other  members  of  VorticeUina,  This 
detracts  from  the  value  of  his  detaiLB  of  the  structure  and  Auctions  of  Actmo^ 
phrys ;  and,  as  expressed  above,  a  great  doubt  suggests  itself  whether  he  has 
always  examined  the  selfsame  animalcules,  and  whether  what  he  has  de- 
scribed applies  to  the  AcHnophrys  investigated  by  EoUiker  and  ClaparMe. 
Ciaikowsky,  who  has  latterly  tested  Stein's  hypothesis,  asserts,  respecting 
ike  question  of  the  structure  of  the  stem  of  Podophrya,  that  the  pedicle  is 
an  appendage  to  the  body,  which  has  no  integument.  "  I  am  unable  "  (op. 
(k.  p.  100),  he  writes,  "  to  adopt  Stein's  view  that  the  Podophrya  are  enclosed 
in  a  membrane,  of  which  the  slender  pedicle  is  simply  a  tubular  protrusion. 
This  is  true  only  with  respect  to  the  short  peduncle  of  the  encysted  Podophrya  " 
(XXrn.  36,  37). 

Pbehkhbiok  ahd  Ektraitce  of  Food. — ^The  movements  of  the  tentacula  of 
Aainophryrna  are  chiefly  directed  to  the  prehension  of  prey  for  food.  This 
they  effect  primarily  by  seizing  it  by  means  of  their  apparently  sticky  surface, 
and  then,  by  shortening  themselves,  drag  it  to  the  sui^eu^  of  the  animalcule. 
If  the  prey  has  been  caught  by  one  tentacle,  the  neighbouring  ones  conspire  to 
dutch  it  more  firmly,  and  (to  use  Kolliker's  words)  "  apply  themselves  upon 
it,  bending  their  points  together,  so  that  the  captive  becomes  gradually  en- 
dosed  on  all  sides."  This  concurrence  and  crossing  of  the  tentades  is  men- 
tioned also  by  Stein  ;  but  Mr.  Weston  states  that  he  has  never  witnessed  it. 
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Conoeniing  the  mode  of  entrance  of  the  nutritiye  matter  when  drawn  to  the 
surfieuse,  some  difference  of  opinion  prevails  among  the  several  writers  who 
have  treated  of  it.     Ehrenbei^y  true  to  his  hypothesis,  attributed  to  Acti$iO' 
phnfina  a  mouth  surmounted  by  a  proboscis,  and  an  anus  at  the  opposite  ode 
with  an  intercommunicating  intestine  and  numerous  stomach-sacs  opening 
into  it.     In  short,  they  were,  according  to  his  scheme  of  organization, 
EnarUiotreta,  of  the  class  Enterodela.     Dujardin  rejected  this  account,  and 
supposed  them  to  be  nourished  by  absorption,  carried  on  by  the  general 
sur^Eice,  or  by  means  of  thick  expansions  from  it.     At  the  present  time  all 
observers  unite  in  denying  a  mouth,  anus,  and  alimentary  canal  to  Aedno- 
phryina,  and  in  admitting  that  food  may  be  introduced,  and  its  d^ris  dis> 
charged,  at  any  part  of  the  surface, — a  feust  patent  to  direct  observation,  which 
shows  the  seizing  and  the  entrance  of  prey  going  on,  occasionally,  at  more 
than  one  point  at  a  time  (XXTTT.  29-32).     We  have  followed  the  captured 
morsel  until  it  approaches  the  sur£Eu^,  and  when  the  force  of  the  tentacles 
behind  it  still  tendfl  to  press  it  onwards  into  the  body.     The  following  pro- 
ceeding, according  to  KoUiker  {op.  cit,  p.  28),  now  takes  place : — **  The  spot 
of  the  sur&ce,  upon  which  the  captured  animalcule  is  lying,  slowly  retracts 
and  forms  at  first  a  shallow  depression,  gradually  becoming  deeper  and  deeper, 
in  which  the  prey,  apparentiy  adherent  to  the  surfeuse  and  following  it  in  its 
retraction,  is  finally  lodged  (XXIII.  29  m).     The  depression,  by  the  continued 
retraction  of  the  substance,  now  becomes  deeper ;  the  imprisoned  animalcule, 
which  up  to  this  time  had  projected  from  the  sur&ce  of  the  Adincphryg, 
disappears  entirely  within  it ;  and  at  the  same  time  the  tentacles,  which  had 
remained  with  their  extremities  applied  to  each  other,  again  erect  themselves 
and  stretch  out  as  before.     Finally,  the  depression  acquires  a  flask-like  form, 
by  the  drawing  in  of  its  margin,  the  edges  of  which  coalesce ;  and  tiius  a 
cavity  closed  on  all  sides  is  formed,  in  which  the  prey  is  lodged.     In  this 
situation  it  remains  for  a  longer  or  shorter  time,  gradually,  however,  i^ 
proaching  the  central  or  nudear  portion,  and  at  last  passing  entirely  into  it 
in  order  to  await  its  final  destination.     In  the  meanwhile  the  external  por- 
tion of  the  AcHnophrys  regains  in  all  respects  its  pristine  condition.     The 
engulfed  portion  is  gradually  digested  and  dissolved."     WMbt  admitting 
the  general  correctness  of  this  account  by  KoUiker  of  the  act  of  inglutition. 
Stein  asserts  that,  prior  to  the  appearance  of  the  prey  in  a  depression  of  the 
body,  a  large  vacuole,  rising  above  the  surfiice,  comes  into  contact  with  it,  and 
then,  by  its  collapse,  drags  it  downwards  into  the  substance  of  the  animalcule. 
This  stage  he  supposed  KoUiker  to  have  overlooked.     However,  Clapar^de 
denies  that  the  reception  of  food  is  ever  effected  by  means  of  the  expansion 
and  contraction  of  a  vesicle,  or  that,  as  KoUiker  beUeved,  the  food  penetrates 
the  substance  of  the  body  by  the  force  exercised  upon  it  behind  by  the 
tentacula :  it  is  rather,  he  says,  the  substance  of  the  body  which  approaches 
and  embraces  the  food ;  for  before  the  latter  has  touched  the  surfeuse  of  the 
body,  it  is  seen  to  be  enveloped  in  a  kind  of  mucus.     "  This  mucus  is  com- 
pletely undistinguishable  from  the  parenchyma  of  the  Acdivmkrys ;  it  appears 
as  though  the  substance  of  which  it  is  composed  had  suddenly  drawn  itself 
over  the  captured  object.     The  elevation  thus  produced  then  slowly  flattens ; 
and  by  this  means  the  food  is  graduaUy  drawn  into  the  body.    AstasicB,  which 
I  frequently  saw  sucked  in  by  Aetinophrys  in  this  way,  continued  to  move 
for  a  Httie  time,  endeavouring  to  break  through  the  substance  that  enveloped 
them ;  their  movements,  however,  soon  ceased ;  they  became  converted  into 
a  globular  mass,  which  circulated  very  slowly  through  the  parenchyma  with 
the  so-caUed  vacuola."  ....<'  At  first  I  thought  the   sub^anoe,  which   so 
suddenly  enveloped  the  object  to  be  swaUowed,  was  produced  by  the  mere 
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bendiiig,  expansion,  and  fission  of  the  toitades.  I  could  not,  however, 
retain  tkus  opinion:  an  extension  of  a  muoous  substance,  i^paiently  the 
parenchyma,  really  takes  place  from  the  side  of  the  Actmophrys ;  and  this  is 
afterwards  drawn  in  with  the  prey.  This  expansicm  sometimes  takes  place 
very  slowly ;  a  thick,  regolaiiy  lobed  mass  is  seen  to  embrace  the  object ; 
and  I  have  once  observed  this  extension  without  the  presence  of  any  prey. 
I  can  only  compare  this  process  with  what  takes  place  in  Amo^.'*  Dt. 
Strethill  Wright  (in  lit.)  expresses  the  same  hct  in  a  condensed  form, 
thus : — ^*  In  Actinaphrys  the  tentacles  bring  the  food  to  the  sur&ce  of  the 
eetosare,  which  doses  over  it  and  caniee  it  to  the  endoaarc."  Mr.  Weston's 
observations  tend  to  a  similar  interpretation  of  the  mode  of  introduction  of 
food.  *^  From  the  margin  of  the  body  of  the  Actinophrys,'*  says  this  gentle- 
man, **  a  thin  pellucid  membrane  is  projected  up  the  side  of  the  creature 
destined  for  food  (XXTII.  24-32),  which  proceeds  rapidly,  but  almost 
imperceptibly,  to  surround  one  side  of  it;  a  similar  membrane  springs 
sometimes  alBO  from  the  AttifnophryBy  but  more  frequently  from  the  tentade 
on  its  other  side ;  these  amalgamate  on  the  outer  sur&ce  of  the  prisoner, 
which  is  thus  enclosed  in  a  sac  composed  iji  what  I  take  to  be  the  extended 
outer  veside  of  the  AOinophrys.  This  veside  gradually  contracts,  or,  rather, 
seems  to  return  by  elastidty  to  its  original  position ;  and  the  food  thus  be- 
comes pressed  within  the  body,  there  to  become  digested.''  The  condusion 
to  be  drawn  is,  that,  after  the  act  of  prehension  by  the  tentades  is  comi^ete, 
the  retraction  of  those  processes  is  succeeded  by  tilie  protrusion  of  a  sort  of 
variable  process,  similar  to  those  of  Amaha  in  character,  and  also  in  its  mode 
of  enveloping  and  engnlfing  the  morsd. 

After  its  admission  into  the  soft  substance  of  the  interior,  tiie  nutrient 
matter  undergoes  a  process  of  digestion,  by  which,  if  soft,  it  sufPers  complete 
dissolution  and  absorption ;  but  if  it  contain  insoluble  matter,  this  remains 
behind,  after  the  disappearance  of  the  rest,  as  a  residue  to  be  sooner  or  later 
cast  out  through  an  aperture  temporarily  formed  at  the  point  of  the  sur&ce 
it  comes  into  contact  with,  and  of  which  all  trace  is  lost  so  soon  as  the  act  of 
extrusion  is  accomplished.  The  molecular  and  granular  matters  derived  from 
food  collect  especially  in  the  central  or  nudear  portion  of  the  body,  the  depth 
of  colour,  (^wdty,  and  strength  of  which  are  directiy  proportionate  to  the 
supply  of  food.  The  partide  of  food  (the  animalcule  or  other  substance), 
when  in  the  interior,  is  surrounded  by  or  suspended  in  a  drop  of  fluid,  or,  in 
'  Dujardin's  phraseology,  occupies  a  vacuole.  This  fluid  is  either  drawn  in 
by  the  act  of  inglutition,  or  is  a  secretion  poured  out  around  the  food  for  the 
purpose  of  digestion.  Clapar^de  takes  the  latter  view,  and  states  that  the  fluid 
alwajTS  exhibits  the  same  pale-reddish  colour  as  the  contents  of  the  contractile 
veside,  and  indicates  different  refractive  powers  from  those  of  water.  This 
observation  accords  with  one  made  by  Schneider,  of  the  digestive  vacuoles  of 

The  process  of  digestion  is  dow.  Clapar^e  observed  the  changes  of  a 
ChlamydamoncUf  and  states  that  three  hours  scarcdy  sufficed  for  its  conver- 
sion into  an  unrecognizable  gelatinous  mass.  KoUiker  represents  the  time  to 
vary  from  two  to  six  hours ;  but  this  must  differ  perpetuaQy  according  to  the 
nature  of  the  food,  the  vitality  of  the  animal,  &c.  <'  The  number,  as  wdl  as  the 
size^"  writes  XoUiker,  '<  of  the  morsels  taken  at  one  time  by  the  Actinophrya 
is  very  various.  Very  frequentiy  there  may  be  2,  4,  or  6  at  the  same  time, 
fr^quentiy  also  more  than  10  or  12.  £hrenbe]^  counted  as  many  as  16 
stomadis,  i,  e.  in  other  words,  so  many  separate  morsels.  He  also  noticed  the 
ingestion  of  indigo,  which  could  not  have  gained  admission  in  any  other  way 
than  that  by  which  the  Infusoria  and  other  aUments  enter.  The  laiigest  morsels 
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noticed  eonsisted  of  a  Lyneeufi  and  a  jonng  Oydops.  Eiohhom,  indeed, 
mentions  a  water-flea  {Daphma  ?),  about  the  sixe  of  which,  however,  no  re- 
mark is  made."  Indeed,  the  Aetinophrffina  are  rapadous  animals,  and  will 
appropriate  to  themselves  any  organisms,  vegetable  or  animal,  which  fidl  in 
their  way.  Thus,  besides  those  beings  alluded  to  already,  Botifera,  yarioos 
minute  Crustacea,  Ciliated  Protozoa,  Fhytozoa  of  all  sorts,  Besmidieae,  Dia- 
tomese,  minute  AlgsB,  and  their  spores  alike  fiedl  a  prey  to  these  remarkable 
animalcules.  The  excrementitious  particles  of  food,  as  already  stated,  pass 
out  at  any  spot  where  circumstances  may  direct  them ;  and  no  definite  anal 
aperture,  such  as  Ehrenberg  imagined,  has  an  esdstence.  The  expulsion  of  re- 
sidual matters,  Mr.  Weston  (J.  M,  8. 1856,  p.  121)  states  he  has  "  £requently 
seen, — ^in  one  specimen  twice  in  less  than  half  an  hour,  at  different  spots.  In 
watching  the  digestion  of  a  Botifer,  it  occurred  to  me  to  see  a  dark  body, 
composed  apparentiy  <^  the  case,  remain  for  some  hours  in  the  same  spot, 
and  then  gradually  approach  the  side,  as  if  for  expulsion ;  but  while  waiting 
lor  this  to  take  place,  an  opening  in  another  part  occuired,  and  excrement 
was  voided  in  quantity :  this  voided  matter  lies  amongst  the  bases  of  the 
tentacles,  while  the  opening  through  which  it  has  passed  closes ;  and  th^i, 
with  the  same  stealtiiy  motion  I  have  before  described,  it  is  apparentiy  driven 
along  the  tentacles  (as  if  by  repulsion)  beyond  their  extremities,  finally  dis- 
appearing in  the  surrounding  medium." 

CovTRAcnLB  vBsicLB. — ^The  rule  is,  that  only  one  contractile  vesicle  belongs 
to  each  animalcule  (XXIII.  36,  37).  K  more  appear,  it  usually  indicates 
either  the  approach  of  fission,  or  the  conjugation  of  two  or  more  individuals 
(XXUI.  33-35).  Eolliker  failed  to  recognize  this  organ  in  Actintmkrys,  and 
concluded  that  Siebold  had  described  as  such  the  mere  changeable  vacuola. 
However,  Stein,  ClaparMe,  Cienkowsky,  and  others  concur  in  representing  a 
contractile  vesicle  as  normally  present ;  the  first-named  writer,  indeed,  de- 
scribes in  a  few  instances  two  such,  as  Siebold  has  done  before  him.  Stein 
exhibits,  in  AcHnophrys  Sol,  the  vesicle  as  central  (XXUI.  1) ;  but  other 
naturalists  concur  in  representing  it  as  superficial, — so  much  so,  according  to 
Siebold,  that  it  will  frequentiy  during  its  expansion  project  above  the  general 
surface,  and  thereby  prove  itself  to  have  a  distinct  wall  (XXIII.  29  m)  ;  for 
if  composed  of  only  the  gelatinous  parenchyma  of  the  body,  it  would  burst  at 
the  moment  of  greatest  expansion.  It  is,  therefore,  a  closed  sac  or  celL 
ClaparMe  has  never  found  more  than  one  vesicle,  and  thinks  both  (heboid 
and  Stein  in  error  in  describing  two.  "Several  vesicular  elevations,*'  he 
writes,  "  often  occur  on  the  margin  ;  but  only  one  of  these  is  contractile.  I 
have,  however,  observed  two  contractile  vesicles  in  several  individuals ;  but 
in  these  cases  the  form  always  gives  rise  to  a  suspicion  of  fission,  or  of  an 
amalgamation  of  two  individuals  (Act,  diffbrmiSf  Ehr.).  The  presence  of  a 
single  contractile  vesicle  does  not,  however,  appear  to  be  universal  among  the 
Rhizopoda ;  I  have  observed  two  in  Arcella  vulgaris. ...  It  is  surprising  that 
KoUiker,  who  was  acquainted  with  Siebold's  observations,  should  have  cha- 
racterized them  as  inexact,  and  as  arising  from  an  illusion.  According  to 
him,  Siebold  had  mistaken  accidental  expansions  and  contractions  of  the  sub- 
stance enclosing  the  vacuoles,  in  which  the  latter  were  persistent,  for  phe- 
nomena indicating  the  existence  of  contractile  reservoirs.  This,  however,  is 
not  the  case ;  the  size,  the  unchanging  position,  and  the  regular  expansion 
and  contraction  of  this  organ  will  prevent  its  being  confounded  with  a 
vacuole.  That  Eolliker  should  have  overlooked  it  is  particularly  unintelligi- 
ble, as  the  phenomenon  is  immediately  presented  by  nine  out  of  ten  specimens 
of  Actinophtn/s,^^ 

Carter  {A.  N,  H.  xviii.  p.  129)  makes  the  curious  assertion,  that  the  "Aetmo- 
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phrys  Soly  £hr^  is  surrounded  by  a  perii^ieral  layer  of  vesioles  "  (he  is  speakiiig 
of  contractile  vesicles),  *'  which,  when  fiilly  dilated,  appear  to  be  all  of  the 
same  size,  to  have  the  power  of  communicating  with  each  other,  and  each, 
individoally,  to  contract  and  discharge  its  contents  externally,  as  occasion  may 
require,  though  generally  only  one  appears,  and  disappears,  in  the  same 
place."  Stern  describes  and  figures  a  row  of  vesicles  immediately  beneath 
the  surfiBU3e  of  a  new  species  he  calls  AcHnophryB  oculata  (XXIII.  24,  25), 
but  does  not,  like  Carter,  treat  them  as  so  many  contractile  sacs,  an  interpre- 
tation  which  cannot  be  received  without  much  more  extended  inquiry  and 
confirmation.  Notwithstanding  this  assertion,  Mr.  Garter,  in  his  outhne  of 
&cts  relevant  to  contractile  vesicles  in  general,  has  the  following  clause,  ap- 
plying specially  to  the  animalcules  under  consideration,  and  giving  a  most 
1^  illustration  of  the  phenomena  witnessed: — ^<In  AeHnophrys  Sol,  and 
other  AmtdxBy  during  the  act  of  dilatation,  the  vesicula  projects  hi  above  the 
lerel  of  the  pellicula,  even  so  much  so  as  occasionally  to  form  an  elongated^ 
transparent,  mammilliform  emin^ice,  which,  at  the  moment  of  contraction^ 
subsides  precisely  like  a  blister  of  some  bqH  tenacious  substance  that  has  just 
been,  pricked  wiUi  a  pin."  At  another  part,  this  same  author  says,  generally 
(op.  tit,  p.  128),  and  in  some  measure  contradictorily  to  the  first  statement 
quoted  from  him,  that  **  in  Amoeba  and  Actinaphrys  the  vesicula  is  generally 
single ;  sometimes  there  are  two,  and  not  unfrequ^atly  in  larger  AmoebcBa  a 
greater  number."  It  should  be  mentioned  that  Stein  found  in  the  animal- 
eule,  which  he  took  to  be  Act,  Etehomti,  a  superficial  group  of  vacuola,  ren- 
dmng  the  outline  irregular, — a  phenomenon  no  doubt  the  same  as  that 
int^i^d  by  Carter.  Stdn,  moreover,  described  in  the  same  animalcule  two 
contractile  spaces,  one  at  each  pole,  immediately  beneath  the  sui^eujc,  but 
capable  of  alternately  devating  themselves  above,  and  depressing  themselves 
within  it,  and  of  thereby  aiding  to  introduce  food. 

Podophrya  has,  according  to  Stein  and  Cienkowsky  (XXTII.  34,  35,  36, 
37),  a  single  eircnlar  contractile  vesicle.  Stein,  indeed,  figures  two  in  one 
specimen.  So  far  as  appears,  the  vesicle  is  not  placed  so  close  to  the  surface 
as  in  Ajctinophrys,  Among  other  structures  mentioned  by  Ehrenberg,  was  a 
contraetile  proboscis,  by  means  of  which  the  animalcule  was  supposed  to  re- 
ceive food ;  but  other  observers  have  looked  in  vain  for  any  process  to  which 
such  an  appellation  could  with  justice  be  applied.  The  structure  intended 
by  Ehrenberg  is,  in  ClaparMe's  opinion,  no  other  than  the  contractile  vesicle, 
— an  opinion  in  which  Mr.  Weston  seems  to  agree  (see  below),  although  he 
attributes  to  it  a  structure  and  action  without  parallel  in  other  Infusoria.  A 
glance  at  the  quotation  above  made  from  Mr.  Carter's  paper  will  show  also 
that  the  contractile  sac  was  intended.  The  following  are  the  observations  of 
Clapar^de,  referring  to  the  matter  in  question: — '^  From  time  to  time  a  globular 
prominence  rises  slowly  and  gradually  from  a  particular  point  on  the  sur&ce 
of  the  animal ;  this  increases  more  or  less  in  different  cases,  sometimes,  espe- 
cially in  small  individuals,  attaining  nearly  a  third  of  the  size  of  the  entire 
body,  but  generally  reaching  only  |th  or  ^th  of  that  size.  The  margin  of 
this  projection  is  always  wdl  defined,  mucm  more  so  than  the  other  parts  of 
the  body,  especially  when  it  has  attained  its  greatest  evolution.  At  this 
moment  it  contracts  suddenly  and  disappears  entirely,  so  that  a  flattening  of 
the  outline  is  often  to  be  observed  at  the  point  previously  occupied  by  this 
remarkable  elevation :  the  margin  soon  becomes  rounded  again ;  the  globular 
prqjectian  gradually  rises,  attains  its  previous  highest  devdopment,  and  then 
suddenly  disappears  again."  The  following  paragraph  from  Mr.  Weston's 
p^)er  {J.  M.  8. 1856,  p.  116)  refers,  doubtless,  to  the  selfsame  expanding  and 
contracting  process  distinguished  by  ClaparMe ;  but  the  fdnction  of  respiration 


Digitized  by  VjOOQ IC 


252  OEITERAL  HISTORY  OF  TH£  IKFUSOBIA. 

and  a  valvular  stracture  of  a  very  extraordinaiy  nature  are  attributed  to  it. 
We  suspect,  indeed,  that  Mr.  Weston  has  been  led  into  error  by  appearances, 
— a  supposition  he  will  pardon  us  for  making,  since,  as  he  himself  tells  us,  bis 
microscopic  experience  is  less  than  two  years  old.  His  account  runs  thus : — 
**  There  appears  to  be  no  doubt  about  the  existence  of  a  valvular  opening :  I 
have  had  some  thousands  of  these  animalcules  under  my  observation,  and 
have  never  met  with  a  specimen  where  the  valve  was  absent.  It  is  best 
distinguished  when  about  the  edge  of  the  seeming  disc,  and,  so  &r  as  my 
observations  go,  is  never  still  night  nor  day, — ^being  slowly,  but  without  cessa- 
tion, as  it  were,  protruded,  occupying  from  10  to  70  or  80  seconds  in  its 
development,  and  then,  like  the  bursting  of  a  vesicle,  rapidly  and  totally 
subsiding;  for  an  instant  it  has  utterly  disappeared,  only  to  be  again  as 
gradually  and  as  certainly  reproduced.  Should  that  side  of  the  creature, 
where  tilie  valve  is  placed,  be  turned  from  tiie  observer,  the  effects  of  the 
contraction  are  distinctly  seen,  altiiough  the  valve  itself  is  not ;  for  at  the 
instant  of  its  bursting  and  closure,  some  half-a-dozen  or  more  of  the  tenta- 
cles, situated  on  or  ahovit  it,  which  have  been  gradually  thrust  from  their 
normal  position  by  the  act  of  its  protrusion,  now  rapidly  approach  each  other 
with  a  jerk-like  motion,  caused  by  the  sudden  bringing  together  of  their 
bases. 

"  With  ^th  of  an  inch  objective,  I  have  been  led  to  imagine  the  valve  to  be 
formed  of  a  double  layer  of  the  external  hyaloid  membrane,  the  edges  of 
which  appear  to  adhere  to  each  other  tenaciously,  notwithstanding  the 
growing  distension  ftom  within,  until  the  force  becomes  so  great  that  the 
Hps,  as  they  may  be  called,  suddenly  separate,  apparently  to  give  vent  to 
some  gaseous  product ;  and  at  this  moment  there  is,  as  I  hiave  stated,  enough 
seen  to  induce  the  belief  in  the  existence  of  a  double  lip-like  valve,  perhaps 
the  organ  of  respiration.'^ 

He  afterwards  adds  (p.  118)—"  In  many  instances  I  have  seen  half-a- 
dozen  or  more  prisoners  attracted  to  the  tentacles  of  an  individual,  each  gra- 
dually absorbed ;  and  although  thus  busily  occupied,  no  cessation  of  the  action 
of  the  valve  takes  place."  Stein  imagined  the  movements  of  the  contractile 
sac  to  be  subservient  to  the  reception  of  food ;  but  this  supposition,  as  men- 
tioned already  (p.  248),  Ib  opposed  to  analogy,  and  is  wanting  in  direct  obser- 
vation to  establish  it. 

Among  the  general  contents  of  the  body  of  Actinophrys,  KoUiker  (op.  eit. 
p.  27)  mentions  some  separable  nuclear  cells  as  detached  by  crushing  from 
the  innermost  portions  of  the  animal.  When  isolated  by  pressure,  they  be- 
have themselves  as  cells,  with  nucleus  and  nucleolus,  sometimes  as  free 
nuclei.  "  The  author  is,  in  &ct,  incHned  to  regard  them  as  cells  and  nuclei, 
lying  in  some  of  the  interior  vacuoles ;  for  such,  and  such  only,  are  the  vesi- 
cular spaces  in  which  they  are  enclosed."  (XXIII.  29.) 

Nucleus. — ^KoUiker  applied  the  term  nucleus,  very  improperly,  to  the  more 
granular  and  darker  central  or  medullary  portion  of  the  body  (XXHI.  29  A), 
and  overlooked  the  presence  of  the  real  nucleus.  However,  Stein,  Carter, 
Cienkowsky,  and  others  have  determined  the  existence  of  this  organ  in  the 
genera  Actinophrys  and  Podophrya.  Unfortunately,  some  difference  prevails  in 
the  descriptions  of  this  organ  by  flie  several  observers,  which  it  is  most  desirable 
to  have  removed.  Carter  {A.  N.  H.  1856,  xviii.  p.  221)  represents  it  to  be  a 
cloudy  body,  "  discoid  in  shap,  of  a  faint  yellow  colour,  and  fixed  to  one  side 
of  a  transparent  capsule,  which,  being  generally  more  or  less  larger  than  the 
nucleus  itself,  causes  the  latter  to  appear  as  if  siirrounded  by  a  narrow  pel- 
lucid ring."  Stein  describes  it  in  Actinophrys  Sol  as  finely  granular,  buid- 
shaped,  and  curved,  or  reniform,  or  rounded  oblong  (XXIII.  1  6).     Cien- 
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kowsky  says  that  the  nndeos  of  Podophrya  is  '^  transverse  and  frequently 
curved/'  and  thereby  implies  that  it  is  an  elongated  body.  The  nucleus  of 
Actmophrg$  oeulata  (says  Stein^  p.  159)  may  be  brought  into  view  either  by 
crushing  die  animalcule,  or,  mudi  more  satisfiEtctorily,  by  adding  dilute  acetic 
acid  (XXm.  24  6,  25^).  On  viewing  it  from  above,  it  appears  like  a  round 
hyaline  cell,  containing  a  granular  nuclear  mass  in  its  centre,  and  surrounded 
by  a  rather  condensed  layer  of  the  medullary  matter.  On  its  entire  detachment, 
hy  means  of  the  add,  it  is  seen  to  possess  a  distinct  wall,  having  a  double  out- 
line ;  its  nudeolus,  on  the  contrary,  seems  undefined  and  irregular  in  shape, 
oompoBed  of  a  mere  heap  of  fine  granules.  The  relative  sixe  of  the  nudeus 
to  the  whole  animal  is  veiy  considerable.  Thus,  whilst  the  majority  of  spe- 
eiinenB  had  a  diameter  of  1-38  to  1-35''',  the  nudeus  measured  1-125'",  and 
its  nucleolus  1-250"'.  From  his  account  of  Act.  Eieharmi,  Stein  would  appear 
to  have  seen  a  similar  nudeus  in  that  spedes ;  for  he  states  that  the  round 
micleiis  appeared  like  a  nudeus-holding  cell,  having  a  double  contour  and 
deariy-d^ned  wall,  and  containing  a  Ifi^ge,  findy-granular  nudeolus. 

EvcTsnve  ajstd  RSbfbodvctive  Pbocbssbs  of  Actikophbtika  : — ^Ekctstikq — 
FiBSiov — Gkhmatiok — ^Embkyos — Okjitoaiiok. — Stein  represents  his  AcH- 
naphrys  Sol  and  Podophrya  fixa  as  having  a  double  integument  (XXTTT.  1, 3), 
tfaroogh  which  the  t^taclee  penetrate, — ^whilst,  as  we  have  seen,  other  ob- 
servers insist  upon  the  naked  state  of  the  muco-gdatinous  body  of  those  as 
wdl  as  of  the  other  spedes  of  Actifwphryma.  The  questions  therefore  arise, 
whether  the  being  so  named  and  described  by  Stein  is  identical  with  that  in- 
tended by  other  naturalists,  and,  if  so,  whether  it  is  not,  in  the  so-called 
encysted  condition,  at  least  in  its  earUer  stage.  For  Stein  subsequently 
describes  and  figures  truly  encysted  examples,  in  which  the  cyst  appears  like 
a  plicated  loose  sac  around  the  contracted  body,  and  the  tentades  in  part  or 
wholly  gone  (XVllI.  3).  Cienkowski  affirms  (op.  cU.  p.  101)  that  the  being 
describ^  as  Aetinophrys  by  Ehrenberg  is  really  a  non-pedunculate  Acineta ; 
azid  he  further  remarks  that,  although  numerous  points  of  relation  exist 
between  certain  ^cm«ta-forms  and  Podophrya  fixa,  he  is  unable  to  determine 
irhether  they  should  be  regarded  as  identical,  or  as  the  extreme  links  in  the 
morphological  cyde  of  one  and  the  same  spedes.  The  same  critical  observer 
detailB  the  process  of  encysting  of  Podophiya, — a  process,  by  the  way,  which 
he  has  not  met  vrith  in  Aemeta-iorm  organisms  having  a  general  resemblance 
with  itw  To  quote  bis  account  (op.  eU,  p.  99),  ''  If  Podophryas  are  allowed 
to  remain  several  days  upon  the  ol^ect-glass,  and  caie  is  taken  not  to  let  the 
water  dry  up,  eveiy  stage  towards  the  quiescent  condition — ^that  is  to  say, 
towards  the  <  encysting  '—may  be  followed  (XXTTT.  34,  36,  37). 

'^ In Podop^a this  process  takes  place  in  the  following  manner: — On  the 
■nrfiuse  of  the  body  a  gelatinous  mucous  layer  appears  to  be  secreted,  through 
which  the  tentades  pass.  The  tentacles  disappear  in  the  neighbourhood  of 
the  peduncle ;  and  &e  gelatinous  layer  in  this  situation  hardens  into  a  loose 
transversdy-plicated  membrane,  whilst  at  the  upper  end  it  is  stiU  soft,  and 
the  tentw?le«?  dearly  visible.  Ultimately  these  also  are  retracted,  and  the 
entire  body  of  the  Pddophrya  is  enveloped  in  a  wide  loose  membrane ;  the 
plications  are  caused  by  pwdlel  annular  constrictions,  placed  at  equal  di- 
fltanees  apart,  and  separated'by  circular,  angular,  or  rounded  ridges ;  these  pli- 
cations  are  in  a  plane  perpendicular  to  the  pedunde.  At  the  summit  of  the 
Fodaphryay  and  often  also  at  the  base,  the  membrane  presents  deep  depres- 
aions ;  the  indoeed  body  of  the  Podophrya  acquires  on  its  surfeu^e  a  sharply- 
defined  smootii  membrane,  whilst  the  contents  of  the  body  become  somewhat 
mume,  endosing  a  round  dear  space.  The  Pod4>phrya'Cp^  thus  formed  is 
soppcvted  by  a  pedunde,  which  is  widened  at  the  base.     In  many  mstances 
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in  which  the  membrane  was  not  plicated,  but  loosely  enclosed  the  Podopkrya 
like  a  sac,  I  noticed  that  the  peduncle  of  the  cyst  was  continued  uninterrupt- 
edly into  the  membrane,  of  which  consequently  it  must  be  regarded  as  a  pro- 
trusion, and  that  it  had  no  connexion  whatever  with  the  ori^nal  slender  pe- 
duncle of  the  Podopkrya  itself.  In  fact,  I  noticed  cysts  in  which  this  original 
slender  peduncle  was  appended  to  the  saccular  envelope.  I  am  unable,  there- 
fore, to  adopt  Stein's  view  that  the  Podophryce  are  enclosed  in  a  membrane, 
of  which  the  slender  peduncle  is  simply  a  tubular  protrusion.  This  is  true 
only  with  respect  to  the  short  peduncle  of  the  encysted  Podophryce. 

"  What  afterwards  becomes  of  the  cysts  I  have  been  unable,  in  spite  of  ob- 
servations continued  for  months,  to  determine." 

Multiplication  by  Spontaneous  Division  seems  now  to  be  sufficiently  de- 
monstrated. Ehrenberg  and  other  earlier  writers,  indeed,  mentioned  the 
occurrence  of  self-fission ;  but  their  accounts  were  too  uncertain  and  inde- 
finite, and  strong  doubts  prevailed  whether  they  had  actually  witnessed  that 
process,  or  the  act  of  conjugation,  to  be  presently  noticed.  Mr.  Brightwell 
appears  (Fauna  Infusoria  of  Norfolk)  to  have  confounded  the  two  processes ; 
for  he  says — "  They  multiply  by  division,  so  that  two  and  sometimes  three 
individual  are  seen  adhering  together  by  their  outer  edge— the  middle  one, 
the  parent,  being  the  largest," — an  explanation  inconsistent  with  the  process 
of  fission  as  generally  understood.  (^parMe  states  distinctly  that  he  has 
seen  the  act  of  fiyssion ;  Weston  describes  it  in  Actincphrys,  and  Cienkowsky 
in  Podopkrya.  "  With  regard  to  the  reproduction  of  Aetinopkrys  Sol,'*  writes 
Mr.  Watson  (op.  eit.  p.  119),  "  I  can  positively  affirm  that  self-division  is 
one  mode ;   for  I  may  say  I  have  witnessed  it  a  hundred  times  and  shown  it 

to  others First  was  noticed  a  deep  depression  above  and  below,  not  far 

firom  the  centre  of  the  body ;  this,  as  it  increased,  threw  the  tentacles  across 
each  other,  in  a  manner  similar  to  that  described  by  KoUiker,  when  in  tiie 
act  of  inclosing  an  object  of  prey.  This  crossing,  however,  in  the  act  of  self- 
division  would  appear  to  be  only  the  necessary  consequence  of  the  depressions 
alluded  to,  and  the  position  into  which  the  outer  membrane  (in  which  the 
tentacles  are  inserted)  is  drawn.  As  division  proceeded  (XXTTI.  31),  the 
two  animalcules  steadily,  but  rather  quickly,  increased  the  distance  between 
them,  until  the  connecting  medium  was  apparently  a  long  membranous  neck, 
which,  to  my  unpractised  eye,  appeared  composed  first  of  four,  then  of  three, 
then  two  irregular  lines  of  ceUs  (possessing  no  nuclei),  which  ultimately  di- 
minished into  a  single  cord  composed  of  three  simple  cells  elongated  like  the 
links  of  a  chain,  this  becoming  gradually  more  attenuated,  until  the  exact 
moment  of  its  division  could  not  be  seen.  All  this  latter  portion  of  the  pro- 
cess was  rather  rapidly  performed, — ^that  is,  ftom  the  first  formation  of  the  rows 
of  cells  to  the  time  of  what  I  supposed  to  be  the  final  separation,  occupied 
only  about  a  quarter  of  an  hour ....  During  the  whole  of  the  process,  the  valve 
(i.  e,  the  expanding  and  contracting  superficial  vacuole)  of  each  segment,  situ- 
ated at  nearly  opposite  extremes,  was  in  constant  action,  and  each  creature 
was  busily  employed  seizing  its  food."  On  following  one  s^;ment  after  its 
separation, "  a  floating  faint  line,  the  broken  thread  "  (of  connexion),  extended 
from  it;  and  two  of  the  cells,  formerly  contained  within  this  bond,  were  attached 
to  its  side,  but  were  in  a  few  minutes  drawn  into  the  body  of  the  Aetinopkrys, 
which  there  assumed  a  perfectiy  normal  character.  In  Podopkrya  the  process 
of  fission  is  similar  (XXTTT.  34) ;  at  first  an  annular  constriction  displays  it- 
self, and  so  rapidly  deepens,  that  in  an  about  half-an-hour  complete  trans- 
verse fission  is  effected.  The  history  of  the  segments  is  thus  portrayed  by 
Cienkowsky  (op.  dt.  p.  98),  about  ten  minutes  after  the  commencement  of  the 
act  of  division : — "  The  upper  segment  had  assumed  an  elongated  form,  was  m<«« 
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cylmdricaly  a  little  indented  in  the  middle,  and  rounded  at  each  end ;  and  at 
the  extremities,  alight oecillatians  to  the  riig^t  andleft could  be  perceived.  A 
transverse,  and  frequently  curved,  nucleus  was  visible  in  the  fluid  contents ; 
and  a  lateral  contractile  space  could  be  dearlj  distinguished  in  the  upper 
parts.  The  vibrations  increased  in  frequency  and  force  until  the  segment 
became  wholly  detached  and  escaped.  During  the  process  of  division  both 
segments  were  furnished  with  tentacles ;  but  when  the  oscillations  of  the 
cylindrical  portion  oommoiced,  very  fine  and  short  cilia  might  be  seen,  though 
with  difficulty,  vibrating  on  the  free  end, — ^the  tentacles  at  tl^  same  time  being 
retracted,  and  remaining  visible  only  on  the  posterior  segment.  I  now  followed 
uninterruptedly  the  movements  of  tiie  liberated  segments.  They  moved  for  the 
most  part  in  curved  lines,  in  the  course  of  which  the  motile  segment  a|^>eared 
to  seek  the  illuminated  side  of  the  drop  of  water.  Cilia  could  not  be  peroeived 
over  the  whole  surface.  The  contractile  space  during  the  movements  was  al- 
ways in  front.  The  motions  were  rapid,  but  still  such  as  to  allow  of  their  being 
fc^wed  with  a  magnifying  power  of  370  diam.  After  waiting  patiently  for 
twenty  ndnutes,  I  saw  the  motion  cease ;  and  at  the  same  time  ^ort  tentades 
made  their  appearance,  which  were  protruded  more  and  more ;  and  in  a  few 
ndnutes  afterwards  the  segment  regained  the  spherical  form :  thus,  after 
moving  about  fr^y  for  a  time,  it  was  again  transformed  into  a  Podaphrya, 

<<  This  process  of  division  was  vritnessed  by  other  observers.  It  takes  place 
more  especially  when  sufficient  nutriment  is  supplied  by  numerous  Stylony^ 
ckuB  to  ihe  Fodophryof.  The  Podopkrya  does  not  always  divide  into  two 
equal  halves  -,  the  segments  are  more  frequently  unequal.  After  repeated 
dmsicHi,  the  specimens  always  become  more  transparent."  This  temporary 
production  of  vibratile  dlia  from  the  suifaoe  of  one  of  the  Ac^nMphryina,  in 
eonnexion  with  the  process  of  fission,  is  a  phenomenon  so  opposed  to  received 
notions,  that  it  will  necessarily  be  admitted  vnth  great  reserve  until  c(»ifirmed 
by  repeated  observation. 

The  process  of  €hmmatUm\&  recorded  by  Tjachmaun  to  occur  in  Dtndnnoma 
radioMSy  a  being  of  which  we  know  too  little  to  pronounce  with  certainty  if  it 
be  one  of  the  AeHnophryina  or  of  the  Aeinetina.  He  says  (op,  cU.  p.  231)-— 
*'  In  Dendrosoma  radians,  Ehr.,  a  branch  of  the  nudeus  grows  into  the  bud 
whilst  it  still  remains  united  to  the  parent  animal." 

Beproduction  by  Embryos  or  Oerms  has  been  presumed  by  several  author 
ritiee.  Stein,  in  pursuing  the  history  of  the  organisms  he  identified  with 
Aeiinophrys  Sol  and  Fodophrya  fixa,  satisfied  himself  of  the  successive 
development  in  their  intm<Mr  of  a  dliated  germ,  which  he  compared  to  the 
gemma  of  a  VorUeeUay  into  which,  indeed,  he  supposed  it  subsequently  to 
folly  unfbld  itself  (XXTTT.  2,  4,  5).  However,  as  before  noted,  Cienkowsky 
rejects  the  beings  observed  by  Stein  from  AcHnophryina,  and  treats  them 
as  Aeinetma ;  yet  he,  at  the  same  time,  eonfirms  the  production  of  ciliated 
motile  embryos  within  Acineta^  but  dedares  them  reconverted  into  similar 
Pod4)phTycB  to  those  that  give  birth  to  them.  Apart  from  the  researches  of 
Stein,  which  have  invoked  so  much  attention  to  the  development  of  Protozoa 
generally,  and  particularly  to  that  of  Adinophryina  and  Aeinelmai  the  idea 
tiiat  the  members  of  the  former  family  probably  rejHroduce  theniselves  by 
germs  has  been  suggested  by  the  occurrence  of  very  minute  individuals, 
eiiJier  alone  or  in  dusters.  Thus  Kolliker  remai^  (op.  eit,  p.  34)  that  the 
smallest  individuals  of  Actinophrys  Sol  measured  only  0*01'''  to  0*02'",  and 
presented  very  inconspicuous  and  few  granules,  and  that  the  granular  and 
res^cular  corpuscles  within  the  nudear  portion  of  the  body  may  be  germs 
just  beginning  to  be  evolved.  Mr.  Weston  is  also  led  to  believe  in  the 
internal  generation  of  minute  germs;  but  the  observation  he  records,  as 
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possibly  an  instanoe  of  such  a  process,  entirely  &ils,  in  our  opinion,  to  sus- 
tain the  supposition.  The  occurrence  eJluded  to  was  that  of  a  thin,  pellicular, 
irregularly-shaped  sac— flometinies  of  two  or  three  such, — which  elevated  itself 
above  the  sur&oe  of  the  AetinophrySy  and  presently  burst,  emitting  some 
fluid  and  fine  granular  matter,  and  then  contracted.  ''  Does  this  emitted 
fluid,"  he  asks,  <<  contain  the  germ  of  future  generations?"  We  think  not ; 
for,  to  our  mind,  the  phenomenon  vdtnessed  was  nothing  more  than  the 
bursting  of  supei^cial  vacuola,  probably  acting  as  ezcrementory  media ;  and 
if  this  view  be  not  correct,  Mr.  Weston's  is  improbable,  inasmuch  as  such  a 
discharge  of  germs  from  superficial  sacs  is  without  parallel  in  the  history  of 
Protozoa. 

CoFJireAnoK. — ^The  remarkable  act  of  conjugation,  also  known  as  Zygosis, 
has  attracted  very  much  attention  in  the  class  of  animalcules  under  consi- 
deration, among  which  it  is  of  very  frequent  occurrence.  Much  discussion 
has  taken  place  concerning  the  purpose  of  this  process.  Most  of  its  early 
observers  considered  it  a  reproductive  act,  a  sort  of  copulation  between  two 
individuals ;  but  the  tendency  of  opinion  at  the  present  day  is  to  deny  it  this 
nature,  and  to  treat  it  as  little  more  than  an  accidental  phenomenon,  without 
apparent  object  or  aim.  Nevertheless  its  occurrence  is  so  fr^uent,  and  the 
process  of  so  complete  a  character,  that  it  is  hard  to  believe  it  to  be  in  vain 
and  to  no  purpose  in  the  economy  of  the  AcUiwphri/ina.  A  difierence  of 
opinion  likewise  prevails  as  to  the  nature  of  the  process,  one  set  of  authors 
maintaining  that  there  is  an  actual  fbaion  and  intermingling  of  substance 
between  the  conjugating  animals,  whilst  another  party  asserts  that  there  is 
no  fusion,  but  merdy  a  temporary  adhesion  or  accretion  between  their  bodies. 
The  determination  of  tlus  question  is  very  necessary  before  we  can  speculate 
fiairly  respecting  the  purpose  of  the  act.  Eolliker,  who  was  among  the  first 
to  carefully  explore  this  phenomenon,  described  it  as  a  process  of  complete 
fdsion,  and  sunnised  it  to  be  of  a  reproductive  character.  8tein  speaks  at 
one  place  of  conjugation  (op.  eit,  p.  148)  in  Actinopkrys  and  Pbdophrya  as 
consisting  in  a  fdsion  (  Vers^melztmg)  of  the  animalcule.  At  another  (p.  160) 
he  describes  it  as  an  organic  union  of  two  or  more  individuals  into  a  group, 
involving  no  fusion  of  ^eir  contents,  but  only  a  cohesion  by  their  sui^bces ; 
and  goes  on  to  say  (p.  161)  that  the  coming  together  of  two  Actinophrides  is 
due  to  external  forces,  and  that  the  first  thing  observed  is  an  entangling 
together  of  their  tentacles,  which  act  predsely  in  the  same  manner  as  when 
a  foreign  body  is  seized  upon,  and  by  their  contraction  bring  the  bodies  into 
apposition.  At  the  same  time  they  fuse  together  and  form  a  sort  of  commis- 
sure, which  is  sometimes  areolated,  owing  to  interruptions  to  its  continuity 
by  the  incomplete  confluence  of  the  tentacles.  In  the  case  of  Act,  ocukUa, 
several — as  many  as  seven — ^individuals  were  seen  by  Stein  connected  toge- 
ther, in  a  line,  by  this  intermediate  commissural  matter,  which  he  calls  a 
common  mantle, — ^but  all  of  them  preserving  their  individuality,  just  as  in  the 
instance  of  other  species.  This  mode  of  connexion,  by  means  of  an  interposed 
matter  derived  from  the  tentaoula  of  the  conjoined  surfaces,  explains  what  Stein 
means  by  conjugation  being  a  fusion  of  the  animalcules  concerned — ^not  a 
fusion  or  commingling  of  their  substance  in  general,  as  some  have  thought  it. 
€k>hn,  in  his  account  of  the  conjugation  of  Actinopkrys  (Zeitsehr.  Band  iii. 
p.  66),  noticed  the  connecting  band  or  comnussure  to  sometimes  contain, 
besides  granules,  particles  of  food,  and  vacuola,  a  vesicular  body  which  he 
presumed  to  be  nuclear,  or  a  germ,  developed  as  a  consequence  of  the  zygosis 
in  operation.  Stein  encountered  once  or  oftener  a  similar  body,  but  conduded 
that  it  was  accidental,  probably  of  vegetable  origin,  and  not  in  any  degree 
embryonic;  and  (p.  164)  he  expresses  himself  satisfied  that  tlus  act  of  con- 
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JQgatioii  is  not  associated  with  the  reproductive  faxsalty.  In  fSact,  he  has 
nerer  met  wiUi  the  development  of  an  embryo  in  conjugated  individuals  of 
hiB  (Adnetiform)  AcHnophrys  and  Podophrya,  Claparede  questions  {op. 
eii,  p.  286)  whether  the  compound  forms  noted  by  Stein  and  Perty  were,  as 
they  supposed,  all  derived  from  conjugation ;  and  he  proceeds  te  say  that,  if 
it  be  proved  that  more  than  two  individuals  may  thiis  be  fused  together,  the 
oomiexion  of  conjugation  with  reproduction  will  become  exceedingly  doubtM, 
and  that  the  term  had  better  be  dropped,  and  either  Stein's  phrase  **  process 
of  fusion,"  or  Ehrenberg's  word  "  zygosis,"  aCdopted  in  its  room.  Whatever 
Take  attaches  to  Glapari^e's  deduction  from  the  circumstance  of  more  than 
two  being  fused  together,  there  can  be  no  doubt  that  this  may,  and  indeed  does 
frequently,  happen.  lieberkiihn,  one  of  the  most  recent  investigators  of  this 
groi^)  of  beings  (Zeitschr,  1856, 308),  rec<^nizes  the  occurrence,  and  observes 
that  the  number  united  may  be  estimated  by  that  of  the  contractile  vesicles. 
The  process,  he  further  asserts,  is  not  one  of  genuine  conjugation,  but  merely 
a  temporary  cohesion ;  for,  after  watehing  a  group  for  six  hours,  he  saw  the 
separation  of  the  several  component  individuals,  preceded  by  a  narrowing  of 
the  ccmnecting  bands  or  commissures.  Such  is  an  outline  of  the  opinions  and 
stotonents  of  some  leading  naturaliste  respecting  the  nature  and  design  of 
this  so-called  act  of  conjugation,  llie  balance  of  authority  and  evidence  is 
against  the  sup})08ition  of  ite  reproductive  purpose ;  but  when  this  view  is 
rejected,  we  have  no  other  te  replace  it,  and  are  sensible  of  the  want  of 
n^cient  data  from  direct  observation  before  a  hopeful  attempt  can  be  made. 
Ehrenbeig,  it  should  not  be  omitted  te  state  (MoruUsb,  Berl.  Akad,  April 
1854),  stflurted  the  notion  that  conjugation  is  intended  as  a  means  of  invigo- 
rating the  species :  <'  a  curious  idea,"  9Ays  ClaparMe  {pp.  cit,  p.  286),  **  and 
not  veiy  reeoncileable  with  the  ordinary  laws  of  nature." 

KoUiker  (op.  dt.  p.  100)  canvassed  the  question,  if  Actinophryina,  along 
with  Bhizopoda,  are  to  be  considered  cells,  and,  after  an  elaborate  examina- 
tion  of  the  point,  oonduded  that  they  must  be  regarded  as  peculiarly  modified 
simple  ceUs.  Clapar^e,  after  weighing  KoUiker's  argumente  and  reviewing 
the  structural  peculiarities  of  these  animalcules,  comes  te  the  opposite  conclu- 
sioo,  viz.  that,  **  as  regards  Aetinophrys  Sol  in  particular,  we  must  either 
drop  the  dass  of  unicellular  animals  altogether,  or  refer  this  animal  to  some 
other  place."  We  do  not  deem  it  at  all  necessary  here  to  enter  upon  this  con- 
tioveray ;  it  has  already  engaged  our  attention  in  other  places,  and  has  of  late 
lost  much  of  its  interest  by  the  extended  modifications  introduced  latterly  in 
that  particular  hypothesis  of  cell-nature,  which,  at  the  date  of  Kolliker's 
paper  in  1849,  ex^i;ed  so  powerful  an  influence  over  the  histelogical  specu- 
lations of  all  the  writers  of  that  period. 

LociLixiBS. — Actinophryina  are  inhabitants  both  of  fresh  and  salt  water. 
They  occur  often  as  parasites  upon  the  larger  Protezoa,  such  as  Stylonyehia, 
and  on  various  small  animals  of  other  classes,  and  seem  te  draw  nourishment 
from  them.  They  are  also  common  among  the  filamente  of  Conferva  and  the 
stalks  of  Lemna,  where  other  animalcules  congregate.  Another  locality  is 
amid  tiie  vegetable  d^iis  and  minute  animals  which  often  float  together,  as 
a  dust-like  film,  on  the  surface  of  ponds. 

ArFnrmss  of  AcmroPHBTiNA. — ^All  recent  writers  refer  this  group  of  beings 
to  the  ^lizopoda,  except  Siebold,  who  curiously  enough  retains  Aetinophrys 
in  the  fiunily  EnchtUa,  along  with  Leucophrys  and  Prorodon,  two  genera  of 
CSliata  of  quite  a  different  type  of  organization.  Although  the  preceding 
sketch  i3i  the  history  of  Actinophryina  will  afford  ample  evidence  of  many 
homologiee  with  the  Bhizopoda,  yet  it  will  equally  display  not  a  few  differ- 
^tial  characters,  sufficient,  we  believe,  to  separate  them  at  least  as  a  subclass. 
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The  most  strikiiig  pomts  of  dirergenoe  are  the  more  definite  and  constant 
figure  of  ActmopfHyinay  their  peculiarly  formed  tentacula  in  lieu  of  ordinary 
Tariable  processes,  and,  of  minor  moment,  their  greater  immobility,  and  the 
operation  of  the  tentacles  in  the  introduction  of  food.  Adneta  was  placed  by 
!^irenberg  with  Aetinophrys  in  a  fSetmily  or  order  Acineiina ;  and  most  writers 
treat  them  as  if  the  relation  between  these  two  fiimilies  were  actually  bo  near. 
A  closer  attention  will,  however,  prove  that  something  more  than  a  generic 
difference  subsists,  and  that  Adneta  had  better  stand  as  the  representative  of 
another  group,  wc^  named  Adnetina,  although  more  limited  in  its  significa- 
tion than  that  so  termed  by  Ehrenberg.  The  most  tangible  differences 
between  AcHnophryina  and  Adnetina  are,  that  no  food  enters  the  substance 
of  the  body  in  the  latter  group,  and  that  the  body  is  covered  with  an  integu- 
ment. The  history  of  this  division,  as  far  as  at  present  known,  reveals  yet 
other  distinctions ;  for  self-division  has  never  been  observed,  whilst  the  pro- 
duction of  motile  ciliated  embryos  from  the  ioterior  has  been  seen  over  and 
over  again,  without,  as  far  as  is  known,  an  antecedent  act  of  conjugation.  It 
must  iLiewise  not  be  foi^tton,  that  it  is  the  Adnetina  which,  according  to 
Steiu's  hypothesis,  constitute  an  intermediate  phase  of  existence  in  the  de- 
velopment of  many  Vorticdlina.  Indeed,  could  this  naturalist's  supposition 
be  proved,  the  existence  of  Adnetina  as  a  class  of  independent  beings  would 
at  once  be  sacrificed.  Another  affinity  is  discoverable  with  the  PolycysOnaf 
both  in  the  nature  of  the  soft,  muco-gelatinous  mass,  in  the  long,  tentacular 
filaments,  and  in  the  currents  of  granules  detected  in  the  processes.  This 
relaticm  is  best  seen  with  some  Aeanthometra  (vide  Miiller's  paper,  Monats^ 
herieht,  Berlin,  April  1855).  The  Actinaphryina  are  related  to  the  C^liata  also 
by  their  sarcode,  by  the  structure  and  action  of  the  contractile  vesicle,  by  the 
formation  of  alimentary  vacuoles,  and  by  the  nature  and  composition  of  their 
granules.  But,  over  and  above  these  general  resemblances,  a  more  special 
affinity  is  manifested  if  Cienkowsky's  statement,  that  the  fission  produced  is 
clothed  with  vibratile  cilia,  be  correct.  This  d^^ree  of  affinity  must  be  ad- 
mitted in  the  case  of  the  Adnetina  which  appear,  as  a  rulci  to  generate 
ciliated  embryos. 

Since  the  above  history  was  written.  Dr.  Btrethill  Wright,  ci  Edinbur^, 
has  most  kindly  furmshed  us  with  notes  on  several  Inftisoria,  among  others 
of  two  new  forms  of  AcHnophryina,  presenting  great  peculiarities  in  struc- 
ture. The  account  of  these  novel  genera  will  be  found  id  the  second  part  of 
this  work,  in  the  Systematic  History  of  the  Actinophryina. 

SUBFAMILY  ACINETINA. 
(Pktes  XXIII.  1-23;  XXVI.  3,  4;  XXX.  3,  4,  7,  8,  21-26.) 

The  reasons  for  separating  Adnetina  from  Actinophryina,  with  which  they 
have  generally  been  united,  have  been  stated  in  the  last  chapter,  where 
likewise  the  differential  characters  of  the  two  groups,  and  the  supposed  part 
they  play  in  the  cycle  of  development  of  VorticeUina,  have  been  examined. 
There  remains  therefore,  to  fill  up  the  history  of  the  Adnetina,  nothing  more 
than  some  ftirther  remarks  on  the  various  forms  they  assume,  and  on  certain 
peculiarities  in  their  structure. 

The  form  of  Adnetai  is  subject  to  great  variety.  Pyriform  and  ovoid  shapes 
are  the  most  prevalent ;  but  some  are  almost  spherical,  and  others,  again, 
nearly  triangular  (XXIII.  6,  7,  8, 15, 17, 22, 23).  A  lobulated  anterior  end 
is  common ;  and  then  the  tentacles  are  usually  restricted  to  the  lobules  (6, 17, 
18).     These  lobed  forms  have  no  such  firm  integument  or  capsule  at  all  as 
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tiiat  seen  in  others ;  or  tlie  anterior  lobed  pert  is  undefended  hy  such  a  eorer- 
ing,  except  of  a  very  deHeate  and  yielding  stmctore.  Oi^ikowskj  speaks  of 
the  Aeineta  he  examined  as  naked  without  limitary  membrane  (XXIII.  40). 
Yery  frequently,  on  the  other  hand,  the  Aeineta  is  entirely  enclosed  within 
a  stout  capsule.  This  capsule  is  readily  discerned  when,  as  frequently 
happens,  the  internal  animal  mass  of  the  Aeineta  does  not  fill  it ;  or  it  may  be 
brought  into  yiew  by  the  application  of  diluted  acetic  add  or  alcohol,  either 
of  which  causes  the  rfirinking  of  the  contained  body.  In  general  the  capsule 
appears  to  be  a  very  thin,  colourless,  hyaline  membrane ;  tot  after  the  action 
of  aoetie  acid.  Stein  represents  it  to  be,  in  the  supposed  Aeineta  of  OpereuJaria 
Liehtensteimi,  of  considerable  thickness  (XXITT.  22,  23).  This  thickening 
is  doubtless  due  to  the  action  of  the  acid  in  causing  the  membrane  to  swell 
out.  With  the  exception  of  the  so-called  AeUnop^s  Sol  of  Stein,  and  the 
Dendroeametes,  the  Aeinetina  are  attached  by  a  stalk  of  varying  length, 
more  commonly  very  short,  to  the  body  on  which  they  live  (XXIII.  17,  18, 
22 ;  XXYI.  3, 4).  This  stalk  or  pedicle  is  a  tubular  prolongation  backwards 
of  ^e  capsule  itself,  like  which,  it  is  hyaline  and  transparent. 

It  is  not  articulated  with  the  body  of  the  Aeineta,  but  expands  more  or 
less  abruptly  into  the  capsule,  and  has  a  proportionately  greater  or  less 
inlundibuliform  figure.  Occasionally  the  stem  at  the  upper  part  has  trans- 
verse rugae,  and  in  a  few  instances  exhibits  a  sort  of  longitudmal  strise,  par- 
ticularly near  its  junction  with  the  body  (XXITT.  3,  4).  Stein  describes  the 
stem  of  ihe  supposed  Aeineta  of  Epietylis,  to  be  solid  like  that  of  an  EpieiyliM 
itself.  Frequently  the  capsule  is  thrown  into  transverse  folds,  at  tunes,  of 
considerable  depth.  There  is  no  aperture  in  it ;  but  it  is  penetrated  by  the 
tentacles  which  rise  from  the  contained  oiganic  being.  The  capsule,  if  in 
some  specimens  of  considerable  firmness,  would  seem  to  be  in  others,  even 
when  thick,  very  yielding, — so  much  so  as  to  allow  great  variety  in  figure  by 
the  contractions  of  the  contained  body,  as  instanced  by  Stein  in  the  Aeineta 
attributed  to  Opereularia  Liehtensteimu  The  tentacles  of  Aeinetina  have  not 
the  imiformity  of  structure  seen  in  those  of  Actincphryina,  In  some  AeinetcB 
they  closely  resemble  those  of  AcHnophrys,  are  long,  gently  tapering,  and 
capitate ;  in  others  they  form  parallel  tubular  processes,  dilated  a  little,  or 
not  at  all^  at  the  extremity,  and  either  straight  or  slightly  curved  or  undu- 
lated ;  in  others,  again,  they  rather  resemble  bristles,  appear  stiff,  and  taper 
to  a  sharp  point.  In  the  remarkable  Aeineta  called  Dendroeometee,  the 
tentacular  character  is  entirely  lost,  and  a  few  most  bizarre  branched  tubular 
processes  spring  from  one  to  six  points  of  the  surface  (XXX.  22,  23).  Per- 
haps these  processes  are  homologous  with  tentacles ;  yet,  unlike  them,  they 
seem  to  be  formed  from  the  capsule  of  the  animal,  into  which  the  granular 
contents  of  the  interior  penetrate,  as  into  hollow  tubules  prolonged  from  the 
flur&ee-of  the  organism. 

In  obtain  AeineHna  that  approach  Actinophrya  in  external  characters,  the 
tentacles  are  equally  diffused  over  the  body.  In  the  large  pyriform  Aeineta, 
assigned  by  Stein  to  Opereularia  artieulata,  the  short  slender  tubular  pro- 
cesses appear  chiefly  marginal  (XXX.  3,  4).  The  digitate  Aeineta  is  covered 
by  long  tapering  and  thick  processes  on  its  dorsal  convex  surface  (XXIII. 
21);  and  the  Diademiform  Aeineta  has  its  long  setiform  tentacles  in  twos 
and  threes  at  considerable  intervals,  chiefly  on  the  margin  (XXIII.  15,  16). 
The  AeHnophryean  Aeineta  of  EpistyUs  pUcatilis  bemrs  a  bundle  of  long 
finely  capitate  tentacula  on  each  of  its  four  lobes  (XVIll.  2);  that  of 
VerticeUa  rubvlifera  has  two  such  bundles, — whilst  the  triangular  Adneta, 
with  its  tongue-Hke  process  (XXIII.  17,  18,  19),  carries  a  large  expanding 
pencil  ot  shorter  obtuse  tentacles  upon  each  angle  at  its  base. 

s2 
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The  tentacnla  are  moveable  and  retractile,  the  diyergent  bundles  may  be 
collected  into  parallel  groups,  and  drawn  inwards,  with  the  protruding  sup- 
porting lobes,  to  a  greater  or  less  extent.  Stein  affirms  that,  in  the  first  stage 
of  development,  Acinetm  have  no  tentacula. 

The  body  of  an  Acineta,  within  the  capsule  or  external  integument,  con-r 
sists  of  so^  colourless  saroode,  rich  in  granules,  M-corpusdee,  and  minute 
globules.  It  is  enveloped  by  an  elastic  yielding  membrane,  which  becomes 
most  distinct  when  the  body  shrivels  within  the  capacious  cavity  of  the 
capsule  (XXIU.  3,  6,  8).  The  body  appears  in  some  AdneUx  capable  of 
extending  itself  above  the  capsule,  which  must  therefore  be  fissured  in  fmat, 
in  the  form  of  a  tongue-like  process  (XXIII.  17,  18,  19).  A  finely  granular 
and  opaque  nucleus  is  always  distinguishable  in  the  interior,  usually  near  the 
centre.  Its  shape  is  very  varied,  and  may  be  oval,  ovoid,  clavate,  reniform, 
band-like,  vermiform,  or  horse-shoe  shaped  (XXIII.  1,  6,  17,  22).  In  a 
few  examples,  e,  g,  of  the  supposed  Adneta  of  Opereulariaf  it  is  much  and 
irr^:ularly  branched  (XXX.  3,  4).  The  addition  of  dilute  acetic  add  is  a 
ready  and  efiectual  means  of  bringing  the  nucleus  to  light,  and  of  demon- 
strating its  enclosing  sac ;  and  as  it  is  more  solid  and  compact  than  the 
contents  around  it,  it  may  now  and  then  be  separated  by  crushing  the  Adneia. 
The  nucleus  is  enveloped  by  its  peculiar  membrane ;  a  fact  which  becomes 
evident  in  several  cases  by  the  apparent  double  line  surrounding  its  gra- 
nular mass  (XXm.  6-22).  In  a  few  instances,  moreover,  Stein  has  de- 
scribed a  contractile  space  within  the  nucleus,  «.  g,  in  that  of  OpereuUeria 
htrh&rina* 

Not  unfrequentiy  the  nudeus  looks  as  if  double,  or  as  sending  off  a  process 
from  itself;  a  critical  examination  of  such  specimens  has  convinced  Stein  that 
the  ofiishoot  is  the  commencing  development  of  the  germ  or  embryo  of  the 
Adneta  (XXIII.  7,  8,  19).  This  he  has  proved  by  watching  the  nudeus 
through  aU  its  intermediate  stages,  from  a  simple  ovoid  or  dongated  figure 
until  the  embryo  has  grown  and  separated  itself  from  it  prior  to  its  escape 
from  the  Adneta,  The  nuclear  appendix,  when  separated,  is  found  to  have 
an  enclosing  membrane,  which  ultimatdy  surrounds  the  embryo  like  a  sac, 
and  admits  of  a  certain  degree  of  movement  within  it  (XXIII.  4,  5). 

Another  distinct  organ  of  Adnetina  is  the  contractile  veside.  Usually  one 
only  is  present ;  but  in  some  instances  two,  and  more  rarely  three  or  more, 
make  their  appearance  (XXUI.  1,  5, 21).  Near  the  external  margin  a  series 
of  clear  vesicular  or  vacuolar  spaces  presents  itself,  as  in  the  Diaderaifbrm 
Adneta  (XXIII.  15, 16) ;  such,  however,  present  no  rhythmical  con  tractions, 
and  cannot  be  regarded  as  true  contractile  sacs.  The  embryos  developed 
from  Acinetce  are  likewise  furnished  with  one,  and  occasionally  with  two,  of 
those  organs  (XXIII.  2,  4,  6,  15^  27).  Excepting  the  embryos  or  germs,  no 
other  special  structures  are  seen  amid  the  granular  contents  of  A^^Hna. 
Alimentary  vacuoles  and  particles  of  food  or  other  matters  derived  from  with- 
out never  make  their  appearance ;  for  the  body,  even  if  not  entirdy  endosed 
within  the  shut  sac  or  capsule,  is  covered  with  an  integument,  and  has  no 
sign  of  a  mouth  for  the  admission  of  food.  Yet  Adnetce  generally  have  the 
power  of  nourishing  themselves,  by  the  medium  of  their  tentacula,  which 
appear  to  act  as  suckers,  drawing  in  by  endosmosis  the  nutrient  juices  from 
the  animalcules  which  get  entangled  by  them. 

If  Stein's  details  be  correct,  some  Acinetiform  beings  would  appear  to  have 
no  power  of  self-nutrition  ;  for  their  substance  is  described  as  gi^dually  used 
up  in  the  formation  of  germs,  and  this  decrease  to  be  followed  hj  a  shrinking 
or  collapse  of  the  capsule,  but  at  a  comparativdy  dower  rate.  This  phe- 
nomenon is  illustrated  by  Stein  in   the  Adnesta  ascribed  to    VagimeoUi 
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erygtaUinay  and  in  the  so-called  Aeineta  with  the  tongue-like  process 
(XXm.  17,  20). 

If  this  aeconnt  be  admitted,  that  certain  AdnekB  displaj  no  power  of  self- 
nutrition,  and  seem  destined  onlj  to  subserve,  as  mere  media,  the  purposes  of 
r^irodacti<m,  an  independent  nature  could  scarcely  be  attributed  to  such 
bcongs,  and  their  history  would  be  entirely  comprehended  in  that  of  the 
beings  in  whose  cycle  of  deyelopment  they  might  enter  as  one  link.  Lach- 
mann  {A.  N,  H,  1857,  ziz.  p.  222)  has  the  following  account  of  the  mode  in 
which  Admtina  nourish  themselves : — *'  Each  ray  "  (tentacle)  <'  is  a  sucking 
proboscis,  and  we  soon  see  that  a  current  of  chyme-particles  runs  from  the 
alimentary  cavity  of  the  captured  Infusorium  into  the  body  of  the  Adneta^ 
through  the  axis  of  the  rays,  which,  after  seizing  the  prey,  have  become 
shortened  and  thickened.  In  the  body  of  the  Adneta  the  chyme-particles 
still  run  at  first  in  a  slender  row,  but  afterwards  they  collect  in  a  drop,  which 
although  drops  are  also  formed  in  the  chyme  of  the  Adiuta  by  other  suckers, 
soon  beccMnes  amalgamated  with  these.  When  a  considerable  quantity  of  the 
chyme  of  the  captured  animal  has  passed  over  into  the  body  of  the  Aemeta^ 
a  remaricable  change  gradually  takes  place  in  its  appearance :  if  it  was  previously 
pale,  nearly  transparent,  and  only  very  finely  granulated,  larger  dark  globules, 
resembling  £at-drops,  now  make  their  appearance  here  and  there ;  and  these 
soon  increase  so  that  the  body  (which  at  the  same  time,  (^  course,  increases 
in  thickness)  acquires  a  coarsely-granular  aspect,  and  becomes  opaque.  The 
globules  or  drops  which  make  their  appearance  can  only  be  formed  in  the 
body  of  the  Acxngtay  as  they  are  far  larger  than  the  chyme-particles  which 
are  aerai  flovring  through  the  sucker.  The  animal  whose  contents  are  thus 
sucked  out,  gradually  collapses  and  dies ;  many  become  liquefied  when  only 
a  little  oi  the  chyme  is  extracted  from  them,  others  still  live  for  a  long  time ; 
in  large  animals,  such  as  Styhnyekia  MyHlus,  Farameeium  Aurelia,  &c.,  the 
sucking  often  continues  for  several  hours." 

OBionr  A]n>  Devslopmbstt  of  AcnnsTiirA. — ^In  our  history  of  the  development 
of  Vartieellina,  Stein's  hypothesis  of  the  transformation  of  those  highly-de- 
vdc^ied  COiata  into  Acinetiform  beings  as  a  stage  of  existence  necessary  to 
th^  development  by  embryos,  and  of  the  reconversion  of  the  embryos  into 
Ciliata  of  liie  primitive  type,  is  sufficiently  enlarged  upon.  In  the  same 
diapter,  moreover,  Cienkowsky's  contradictory  statement  and  observation  are 
detailed,  viz.  that,  though  Aemeta  develope  ciliated  embryos,  yet  these 
^nhryos  give  origin  to  b^ngs  like  those  they  issue  from,  and  are  not  trans- 
formed into  VorticelUna,  According  to  this  opinion,  the  Acinetina  take  a 
position  as  independent  beings  in  the  animal  series.  Stein  determined,  to 
his  own  sadsfacticm,  an  Acinetiform  phase  in  the  following  VorticeUina  and 
Opkrydinai — 

Cotkumia  maritima.  Spirochona  gemndpara. 

EpittyUs  hrancMophUa.  Vaginkola  crystalUna. 

Operoularia  artmiUUa,  VorticeUa  microstoma. 

Opereularia  berberma.  VorticeUa  nebuHfera, 

Opercularia  Lichtensteinii,  Zoothamnium  affine, 

Ophrydium  versatile,  Carcheiium  pygmcevm  ? 

The  description  of  the  Acinetiform  beings  assigned  to  the  species  enume- 
rated IB  given  in  the  Systematic  History  of  the  Acinetina,  which  will  likewise 
afford  a  more  complete  idea  of  the  structure  and  forms  of  this  peculiar  class 
of  beings  than  the  above  general  history  itself. 
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SOTPLEMENTARY  FAMILIES  OP  PROTOZOA. 

A. GBEeABIlflDA.      ThEIB  ObNEKAL  ChA&ACIEBS,  STBUCIUSEy  AHB  AfFIKI- 

TIE8. — ^The  Oregarinida  constitate  one  of  the  three  groups  into  which  Beyenil 
eminent  natoralists  suhdivide  the  Protozoa ;  they  therefore  claim  from  bs  a 
brief  description. 

They  are  of  the  most  simple  stmctnre ;  indeed^  some  writeiB  place  them 
below  the  Khizopods  in  the  animal  series,  because,  unlike  these,  their  simple 
type  undergoes  no  further  elaboration  or  developmental  oomplication.  They 
are  parasites,  living  in  the  visceral  cavities  of  other  animals,  and  in  their 
simple  structure  are  comparable  to  a  cell,  or  to  the  ovum  of  higher  animals. 
Thus  they  consist  of  a  homogeneous  albuminous-like  matter,  with  numerous 
granules  of  coarser  and  finer  character  and  fat-like  globules,  enclosed  within 
a  membrane  of  more  or  less  perfect  structure,  whidi  in  all  essential  points 
represents  a  cell- wall ;  besides,  they  have  always  one  distinct  central  vesieolar 
body  or  space  containing  one  or  more  granules,  and  evidently  <^  the  nature 
of  a  nucleus.  Of  these  parts,  the  geneial  mass  may  be  taken  to  resemble  the 
yelk-matter,  and  the  nucleus  the  germinal  vesicle  of  an  ovum. 

The  enclosing  membrane  is  very  yielding,  and  admits  of  great  and  constant 
fluctuating  alterations  of  %ure  by  the  varying  contractions  and  extensions 
of  the  internal  contractile  mass ;  but  there  is  no  such  tiling  as  the  fbnnation 
of  pseudopodes,  as  happens  among  Rhizopoda.  It  is  entire,  without  orifice 
either  in  the  shape  of  a  mouth  or  anus ;  consequently  no  foreign  particles  are 
ever  seen  in  the  interior.  Moreover,  the  Qrtganmda  contain  no  contraotile 
vesicle,  and  have  never  been  found  to  undergo  either  fission  or  gemmation. 
Their  vital  endowments  are  so  slight,  that  their  animality  is  at  first  sight 
doubtful ;  but,  unlike  vegetable  organisms,  their  envelope  ccmtains  no  cellulose. 

The  above  brief  account  comprehends  all  that  can  be  stated  generally  of  the 
organization  of  these  simple  creatures,  which,  if  above  the  Amo^xBa  in  the 
possession  of  a  more  or  less  definite  membrane,  ^et  sink  beneath  them  in  not 
possessing  a  contractile  vesicle. 

Notwithstanding  their  simplicity  of  structure,  they  yet  are  truly  animal 
organisms,  enjoying  an  independent  existence,  manifesting  the  ph^iomena  of 
motion,  growtii,  nutrition,  and  reproduction,  in  the  last  of  which  they  exhibit 
a  pecuHar  cyde  of  changes. 

Moreover,  there  are  various  notable  differences  between  the  various  Cfrega- 
rimda  known,  with  respect  to  size,  figure,  to  the  activity  of  their  functions, 
and  to  some  minuter  points  of  structure.  Hence  their  division  into  genera 
and  species. 

In  size  they  vary  from  four  or  five  lines  (as  in  the  genus  Didymopkrys)  to 
a  few  thousandths  of  an  inch.  Of  their  figure,  some  are  simply  rounded  or 
oval  sacs,  as  in  ManoeysHs ;  others  constricted  around  the  middle,  e,  g.  Orega- 
rinida. Again,  the  majority  have  a  smooth,  naked  membrane,  whilst  otbsn 
are  armed  with  a  ring  of  uncini  at  one  extremity,  like  many  ffdmitUkidm, 

When  two  nuclei  occur  in  a  single  animal,  it  probably  betokens  an  act  of 
reproduction.  The  encysting  process  is  exhibited  among  the  Oregarinida^  in 
connexion,  however,  only  with  their  reproductive  processes,  and  has  this  pe- 
culiarity, that  it  does  not  occur  to  a  single  individual,  but  to  two  together, 
which  become  enclosed  within  the  common  cyst  or  capsule.  In  their  progress 
to  this  union  the  two  Oregarince  are  seen  first  to  approach,  and  then  by  mu- 
tual pressure  to  flatten,  the  opposed  surfaces,  so  that  the  binate  being  acquires 
a  globular  form.  The  substance  to  form  the  cyst  is  in  the  meantime  tlurowD 
out,  of  a  soft  gelatinous  consistence,  but  gradually  becomes  condensed  and 
contracted  into  a  membranous-looking  capsule. 
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Stein  stated  that,  on  the  oompletion  of  the  act  of  appoeition,  an  actual 
fdsioa  of  the  contents  of  the  two  awimRla  transpired,  the  oj^KMed  walls  being 
pevioQslj  removed  by  absorption.  Other  observers  state,  however,  that  there 
is  no  radi  runoval  of  the  eoctemal  membranes,  and  that  the  reproductive 
processes  in  the  interior  of  each  being  proceed  without  any  real  CMnmingling 
of  their  contents,  which  is  a  subsequent  and  probably  not  a  necessary 
event. 

This  act,  which,  from  its  general  resemblance  to  the  zygosis  of  plants,  is 
spoken  of  as  one  of  conjugation,  iq)pearB  immediately  concerned  in  the  de- 
vdopment  of  a  multitude  of  germs  within  each  Oregctrina,  by  the  general 
breaking  up  of  the  granular  contents.  Still,  if  lieberkiihn's  account  be  ad* 
mitted,  this  process  of  conjugation  is  not  a  necessary  prelude  to  the  develop- 
ment of  the  internal  gezms ;  for,  according  to  it,  this  result  may  accrue  in 
individnals  which  have  never  conjugated. 

The  germs  assume  a  rod-  or  spindle-shaped  figure,  which,  from  its  re- 
semblance to  the  prevailing  form  of  the  NavtetdcBf  haa  suggested  for  them  the 
name  of  '*  JfaviceUcB  "  or  '<  pseudo-NavieeikB.^*  They  consist  of  an  external 
comparatively  firm  wall,  endosing  a  finely-gnuiular  gelatinous  substance. 

When  the  *'  Navicdlas "  are  sufficiently  mature,  the  cyst  of  the  Oregarinm 
bursts  and  sets  them  at  large.  Their  future  history,  according  to  Lieberkiihn's 
researches,  is,  that  the  case  of  each  pseudo-NtmceUa  ruptures  and  gives  exit 
to  the  soft  contained  matter,  which  at  first  much  resembles  a  minute  Amcebay 
but  gradually  assumes,  by  progressive  growth  and  the  formation  of  a  pellicle 
aroimd  it,  the  characters  of  a  Qregarma. 

Between  this  mode  of  development  of  Oregartnida  and  that  of  the  CHliated 
Frotoeoa,  Leuckart  draws  this  distinction,  Uiat  in  the  former  it  consists  in 
the  production  of  granular  germs,  in  the  latter  of  living  embryos.  But  it  may 
be  qaestioned  whether  there  is  a  positive  difierence  in  kind  between  these 
two  results  of  the  reproductive  process,  and  whether,  on  the  contraiy,  the 
NameeUtx  of  the  Oreaarinida  may  not  be  considered  as  merely  encysted  em- 
bryos, homologous  with  those  of  OoJpoda  OueuUuB  among  the  Ciliata. 

The  act  of  conjugation  in  the  Qregarimda  is  not  precisely  like  that  occur- 
ring among  the  lower  Algae,  the  leading  difference  being  that  in  the  former 
there  is  no  commixture  of  the  two  approximated  beings.  In  all  essentials, 
indeed,  conjugation  in  this  feunily  resembles  that  believed  to  happen  in  the 
Aetmojphryina, 

Thc^  has  been  much  dispute  whether  the  Qregarimda  are  to  be  held  in- 
dependent animals,  or  merely  embiyonic  phases  of  others ;  the  balance  of 
aoihority  is  in  favour  of  the  former  view.  Kolliker  and  Leydig  advocated 
the  opinion  that  they  are  metamorphic  stages  of  AngmUvlcB  or  Filarice,  or  a 
Hnk  in  the  series  of  development  of  the  HeimTUhi€UB.  The  arguments  adduced 
by  Leydig  are  thus  briefly  stated  (J.  M.  8.  i.  p.  208,  and  MuUer^s  Arckw, 
1851) : — ''  In  the  intestine  of  a  large  species  of  TerebeUa  he  was  enabled  to 
observe  1^  most  distinct  transition  between  Filaria-like  Nematoid  worms  and 
QregainimB.  The  forms  of  the  latter,  which  he  observed  not  once  only,  but 
many  times,  were^l.  A  Ghregarina  of  from  0-02'"  to  0'04'"  long,  which  had 
the  form  of  an  elongated  sac,  rounded  at  one  extremity,  and  sharp  at  the 
o^ier.  The  contents  were  those  usual  in  the  Oregarinc» — a  consistent  fluid 
with  a  oorpuscular  substance,  which  did  not  occupy  the  pointed  end,  and  im- 
bedded in  this  a  dear  veside  with  a  nudeus.  2.  A  Qregariniform  creature, 
of  a  spindle-shaped  figure,  dosdy  resembling  Qregarina  TerebeUa,  Xohl. 
3.  A  Qregarma,  generally  resembling  the  preceding,  differing  only  in  two 
particulars:  the  internal  substance  \&  arranged  in  longitudinal  streaks; 
and  the  body,  instead  of  being  straight,  is  more  or  less  curved  at  each  end. 
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4.  The  same  form,  but  with  the  body  more  elongated,  vennifonii,  and  finr  the 
first  time  exhibiting  motion.  5.  A  veiy  pretty  Nematmd  worm,  about  O-ICT' 
long,  blunt  at  one  end,  sharp  at  the  other;  the  contents  in  longitudinal 
streaks,  as  in  the  two  preceding  forms,  but  with  the  spaces  between  them 
wider.     Its  motions  are  very  active.'' 

This  view  of  a  metamorphosis  being  admitted,  the  question  arises,  do  the 
OregarincB  become  changed  into  FHaricB  ?  or  is  it  that  the  FUaric^Vikz  worms 
are  transformed  into  QregarinoB  ?  Although  at  first  inclined  to  consider  tiie 
former  as  the  true  state  of  the  case,  Leydig  is  now  disposed  to  fdUow  Heule 
and  Bruch,  and  adopt  the  latter  view ;  otherwise  it  would  seem  impossible 
to  account  for  the  formation  of  the  pBeudo-NavieeUas  and  '<  Pforofpermia  ^ 
within  the  "  Oregarince/' 

Kolliker  has  the  following  remarks  on  this  subject  (J,  M.  8,  i.  p.  212) : — 
'*  Although  the  change  of  a  FUaria  into  a  OregarinaiB  not  an  impossible  cir- 
cumstance, before  we  admit  such  a  thing  it  is  first  necessary  to  inquire  whe- 
ther the  fkcts  stated  may  not  be  otherwise  explained.  It  is  by  no  means 
proved  that  the  AnguiUtda-hke  animal  noticed  by  Henle,  and  termed  by 
Bruch  FUaria f  is  really  a  Nematoid  worm."  Kolhiker  is  more  indined  to 
regard  it  as  an  Infusorium  allied  to  Opalina,  Proteus,  &c.  If  this  be  the  case, 
there  is  nothing  extraordinary  in  its  transformation  into  a  Oregarina^  and 
finally  into  a  jYavice^-receptacle. 

'<  For  many  reasons,"  says  Stein  (Zeitachr,  iii.  1852),  "  the  endeavour  to 
show  the  Qregarince  to  be  larvse  of  higher  animals,  and  especially  to  conneet 
them  with  encysted  Nematoid  worms,  appears  to  be  a  vain  attempt.  Thus,  I 
am  acquainted  with  Qregarinas  of  such  peculiar  fi^rms  that  one  requires  a 
very  strong  imagination  to  deduce  them  £rom  NemaUddea,  or  to  suppose  they 
can  pass  into  these.  The  encysted  Nematoidea  are  alwajs  found  in  the  cavity 
of  the  body  of  insects,  never  in  their  intestinal  canal,  where  alone  oicysted 
Oregarino!  are  to  be  found."  Again,  the  cysts  of  the  Nematoidea  of  insects 
are  made  up  of  nucleated  cells,  and  are  plainly  a  product  of  the  vital  activity  of 
the  insects,  not  the  exudation  of  the  enclosed  worm,  while  the  cysts  of  Ort- 
gamnas  are  produced  as  an  amorphous  secretion  from  the  animRlR  themselves. 
**  If,  therefore,  encysted  Nematoidea  change  into  Qregarinas,  or  vice  versd,  their 
eyst  must  undergo  a  metamorphosis  which,  perhaps,  no  one  will  assume,  and 
of  whidi  no  observer  has  seen  anything." 

lieberkiihn's  observations  have  gone  far  in  showing  that,  under  usual  cot- 
ditions  at  least,  the  Oregarinida  are  not  converted  into  FUarice  or  any  otiier 
form  of  Vermes,  but  that  their  germs,  after  a  short-lived  Amoebiform  period, 
not  amounting,  however,  to  a  true  metamorphic  stage,  assume  the  charaeteis 
of  their  parent.  Thus  the  cyde  of  development  of  t^ese  beings  appears  com- 
plete ;  ^e  saccular  animal  constructs,  by  a  process  of  segmentation  of  its  in- 
ternal substance,  a  host  of  germs,  which,  after  breaking  loose  firom  their 
parent  and  involving  its  destruction,  emerge  from  their  cases  in  a  soft  Am<B- 
biform  condition,  and  soon  acquire  the  mature  Gregariniform  condition.  The 
Oregarinida  exhibit  a  marked  affinity  with  other  Entozoa,  particularly  with 
the  T^rematoda  and  OpaUnasa  ;  and,  as  before  remarked,  they  are  allied  with 
the  Amcebma  in  the  extreme  simplicity  of  their  structure.  By  the  possesskm 
sf  a  limiting  membrane  (not  independent  or  separable,  indeed),  they  stand 
between  the  mucilaginous  fluctuating  AvrujeboM  and  the  CSliated  Piotosoa, 
Unlike  the  AmceboM,  they  do  not  receive  into  their  substance  solid  particks, 
— a  circumstance  explicable  by  their  being  covered  by  a  somewhat  resistant, 
hardened  lamina  or  tegument,  which  necessarily  impedes  that  peculiar  intus- 
susception of  solid  matters  witnessed  in  that  fkmily. 

As  to  habitat,  the  Oregarinida  are  parasites  in  the  intestines  of  various  In- 
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veitebntte  amnuds — ^wonas,  moUuaks,  and  inaeets, — ^bat  hare  not  been  foimd 
in  Vertebimta. 

B. — ^PsoBospxBMiA  (Plate  XXII.  37-41). — ^This  is  a  amall  group  of  paim* 
aitic  animala,  first  obeerred  by  Jotm  Miiller  in  1841,  doaely  rebited  to  the 
Or^garinida,  of  which,  indeed,  they  mi^t  be  indnded  aa  memben.  Unlike 
the  Oregarina,  they  live  upon  vertebrate  animala,  viz.  upon  many  apeoiee  of 
fiah,  about  tiieir  akin,  gills,  and  internal  organa,  aevend  together  encloaed 
within  aaca. 

Leydig  haa  more  recently  applied  himaelf  to  the  atudy  of  theee  minute 
paraaitea,  and  has  given  the  remilti  of  his  obeervataona  in  HiiUer'a  Arekiv  for 
1851,  of  which  an  abstract  appeared  in  the  Joum,  of  Mie,  Science^  i.  p.  206, 
which  we  ahall  here  take  ^e  liberty  of  using,  aa  sufident  for  our  pur- 
pose:— 

"  The  Fsorospermia  are  microacopical  corpuades  of  a  peculiar  kind,  which 
may  be  generally  characterized,  in  the  foU-grown  oondition,  aa  rounded 
organisms,  having  a  sharply-defined  outline,  with  or  without  a  tail-like  ap- 
pendage. They  are  flattened  and  lenticular  in  figure,  and  one  pole  ia  usually 
acuminate ;  and  towards  this  pole  several  internal  vesicles  converge  in  a 
symmetrical  manner.  These  creatures  were  discovered  by  John  Hiiller  in 
1841  (MtilL  Archiv,  1841,  p.  477).  He  found  in  a  young  pike  minute  round 
cysts  in  the  cellular  tissue  of  the  muscles  of  the  eye,  in  the  substance  of  the 
sderotica,  and  between  this  and  the  chloroid  coat.  The  contents  of  the  cysts 
was  a  whitish  substance,  which,  when  examined  microscopically,  was  found 
to  oonsist  of  peculiar  elements — ^the  <  Ftoroapermia.'  [A  detailed  notice  of 
these  observations  is  given  in  the  Microseop.  Journal^  voL  ii.  p.  123,  and  in 
the  Brit,  and  Foreign  Med.  Bev,,  January,  1842.]  In  the  following  year  the 
same  observer  (Midler's  Arekiv,  1842,  p.  193)  discovered  parasitic  corpuscles 
in  the  swimming-bladder  of  a  Oadut  Callarias,  which,  although  spe<nfically 
distinct  from  the  FBorospermiay  approached  very  near  to  the  latter  in  their 
organization.  They  resembled  in  general  a  smooth  ventricose  Navieula,  and 
consisted  of  two  elongated  cases  applied  to  each  other  at  the  cavity,  and  with 
an  elliptical  outline  and  convex  outer  surfEtce.  They  were  in  part  free,  in 
part  enclosed  in  masses  within  a  tunic.  Similar  cysts,  containing  Ftaroaper- 
miay  have  been  found  by  Leydig  in  several  species  of  fish,  and  in  all  parts 
nearly  of  their  bodies,  and  even  in  the  blood  contained  in  the  heart  and  in 
the  peritoneal  cavity. 

"  Some  &ctB,  however,  observed  by  him,  connected  with  this  subject,  which 
came  under  his  notice  in  1850,  during  some  researches  on  the  cartilaginous 
fishes,  served  to  throw  a  more  general  light  upon  these  mysterious  forms. 

"  In  the  gall-bladder  of  a  SqwiHna  Angelus  there  occurred  in  the  bile,  and 
in  large  quantity,  peculiar  forms  of  various  organization,  but  which  were 
manifestly  devebpmental  forms : — 1 .  Bounded  vesicles,  consisting  of  a  delicate 
membrane  and  a  consistent  fluid ;  the  latter  was  of  a  yellow  colour,  and  con- 
tained a  multitude  of  also  yellow  granules.  2.  Other  vesicles  presented,  be- 
sides these,  other  elements  of  a  new  kind :  in  the  middle  of  the  granular 
contents  were  several  perfectly  transparent  cellules ;  small  vesicles  had  only 
one  of  these  cellules,  larger  ones  as  many  as  six.  3.  Other  parent  vesicles, 
again,  exhibited,  heaves  their  membrane,  a  granular  contents  and  secondary 
vesicles,  containing  P^oroepemUa,  always  one  in  each  secondary  vesicle.  4. 
In  the  latter  form,  finally,  the  secondary  vesicle  had  attained  a  large  size, 
and  the  Psorosperm  floated  in  a  spacious  dear  chamber,  which  occupied  nearly 
the  whole  of  the  parent  cyst.  Besides  these  motionless  cysts,  there  were  nu- 
merous free  Psorotpermia  in  the  bile. 

**  He  found,  upon  examination,  very  similar  things  in  other  fishes  of  the 
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same  dass, — as  in  Spinax  vulgartt,  ScyUmm  Canieuia,  Torpedo  Ifwrlco^  and 
BoQa  BatiSy  in  which  the  P^arospemUa  differed  from  the  more  usual  form,  in 
bemg  grooTed  or  ribbed. 

*'  It  was  very  remarkable  that  the  above-described  organisms  were  never 
met  with  in  any  other  part  or  tissoe  of  the  body  tiian  the  gall-bladder  or 
biliary  duct. 

**  With  respect  to  the  nature  of  these  bodies,  Leydig  is  inclined  to  think 
that  the  cyst  should  be  r^^arded  as  belonging  to  the  family  of  the  Oregarma, 
and  that  l^e  Psorospermia  must  be  looked  upon  as  generically  analogous  to  tho 
pseudO'HavieeHai  which  have  been  observed  to  be  generated  within  the  Ore- 
garincB. 

*^  The  question  next  arises,  as  to  the  existence  of  similar  Oregariniform  or- 
ganisms producing  PiMrospemUa  in  fresh-water  fishes.  Leydig  thinks  there 
is  reason  to  suppose  that  the  animalcule  discoyeired  by  YalentiQ  in  the  blood 
of  Sdlmo  Fario  is  a  Qregarina,  MoreoTer,  John  Miiller  and  Leydig  have  ob- 
served two  or  three  ecaudate  Psoroepermia  in  Leucisem  DoMst  aidosed  in  a 
cyst, — ^whence  it  might  be  supposed  that  secondary  cells  may  be  developed 
within  one  of  Valentin's  HsBmatosoa  after  it  has  been  conveyed  in  the  oouree 
of  the  circulation  to  one  organ  or  another,  in  i^ch  ceUs  PBorotpermia  may 
originate.  With  the  growth  of  the  latter,  the  granular  contents  of  the  Ore- 
garinof  gradually  disappear,  which  are  thus  transformed  into  cysts  filled  wilii 
Bforoepermia,  Such  a  cyst  would  then  be  equivalent  to  a  ifav»6f22a-recep- 
tade." 

Prof.  Huxley,  in  his  Lectures  on  Natural  History  (Medical  Times,  1856, 
xxxiii.  p.  508)  has  the  following  account : — 

"  The  Psoroepermia  are  pyriform  sacs,  frequently  provided  with  an  elon- 
gated, filiform,  motionless  appendage,  and  contaimng  two  or  four  dear  rounded 
bodies,  attached  side  by  side,  within  their  smaller  ends,  and  besides  these, 
as  Lieberkiihn  has  latdy  pointed  out,  a  rounded  mass  of  plasma.  Under  fitting 
conditions,  the  Psoroepermia  burst,  and  the  plasmatic  mass  emerges  as  an 
AmoBbiform  creature.  The  sacs  in  which  the  Ptorottpermice  are  devdoped, 
on  the  other  hand,  can  be  traced  back  to  Amoebiform  masses  full  of  granules ; 
and  it  seems  a  legitimate  condusion,  that  the  P^oroepemUa  are  ihepeemdo- 
NavieeUcB  of  an  Amoebiform  Qregarina  or  Gregarinoid  Amoeba" 

SUBSECTION  n.— CnJATA. 
(Plates  XXIV.-XXXI.) 

According  to  the  arrangement  we  have  adopted  (p.  200),  the  Ciliata,  as 
a  subsection  of  Protozoa,  are  divisible  into  two  groups : — 1.  Of  such  as  are 
mouthless ;  2.  Of  those  possessLug  a  mouth.  The  former  group  e<mstitute  the 
Aitoma,  the  latter  the  Stomatoda. 

In  Ehrenberg's  system  the  Astama  were  not  reoognixed ;  for  where  he  did 
not  find  a  mouth  in  any  ciliated  Polygaslrieay  he  neverthdess  assumed  its 
existence,  supposing  that  from  its  minuteness,  or  some  other  cause,  it  merely 
escaped  observation.  This  procedure  was,  indeed,  rendered  necessaiy  by  t)M 
hypothesis  with  which  he  set  out,  of  their  polygastric  organization. 

It  must  be  admitted,  to  Ehrenberg's  credit,  that  recent  researches  have 
proved  him  right  in  assigning  a  mouth,  in  by  very  fietr  the  largest  number  of 
Ciliated  Protozoa,  contraiy  to  the  aaserticms  and  opinions  broached  by  many  of 
the  most  eminent  microscopists  a  few  years  since.  Tet  there  is  a  limited 
number  of  mouthless  Ciliata,  independently  of  the  peculiar  fiunily  repve- 
Rented  by  the  genus  ActiiwpTirge,  placed  very  erroneoudy  in  the  family 


Digitized  by  VjOOQ IC 


OF  THB  FBOTOZOA.— CILIATA.  267 

Smshdia  by  Ehrenberg,  which  must  be  separated  not  only  from  Stomatoda, 
but  also  from  the  Giliata.  Hiis  eeparation  we  have  carried  out,  in  consti- 
tuting the  two  groups  Aetmyphryina  and  Aemetina,  intermediate  between 
Rhix^KxIa  and  Ciliata.  Exdudmg  these  very  remarkable  creatores,  the 
Ehrenbergian  frunilies  comprehended  in  our  history  of  Ciliata  are  the  Pm- 
dinUMy  Dmohryina,  VortieelUnay  Ophrydina,  EneheUa,  Oolepina,  Traehelina, 
Opkrffoe&remay  ABpidtsema,  Ko^podea,  OxytritMnay  and  Euphta. 

Among  the  TracheUna  were  enumerated  those  very  simple  parasitic  beings 
which  l«te  observations  have  proved  to  be  mouthless,  and  are  referred  chiefly 
to  a  genus  Opalina.  These  we  ther^ore  abstract,  and,  treating  Opalina  as  the 
type,  have  constituted  a  new  family,  OpoZttuaei,  a  member  of  the  group  Astoma. 
In  ocnmezion  with  this  we  have  placed  the  very  imperfectly  known  Peridtmceay 
aldioagh  some  recent  writers  seem  disposed  to  attribute  to  them  the  posses- 
sion of  a  mouth  and  digestive  apparatus.  The  organization  of  the  Dinohryina 
18,  if  possible,  still  less  understood ;  and  since  we  have  no  other  descriptions  of 
it  thui  those  supplied  by  Ehrenbeig,  we  shall  allow  it  to  be  must^ed  with 
the  other  dHated  families  named  in  the  large  group  of  Stomatoda. 

ObOITP  a. ^AsiOlfA,  ASTOKATOUS  OB  MOUIHLBSS  OiLIATA. 

FAMILY  I.— OPALIN.SLi. 
(Plate  XXn.  46,  47.) 

ChonmiL  CHAnACisBS  akd  Eitkctiohs. — ^This  £unily,  represented  by  the 
genus  OpdUnay  consists  of  minute  miscroscopical  animalcules,  moved  by  vibra- 
tile  cilia  distributed  generally  over  the  body,  without  mouth,  of  an  oval  or 
oUoug  compressed  figure,  living  parasitic  in  the  interior  of  laiger  animals, 
apon  whose  juices  they  nourish  themselves.  Their  contents  consist  of  a 
iSiiely-granuliur  substance,  hollowed  out  into  a  small  number  of  vesicular 
tpaeee,  with  no  contractile  power ;  extending  through  the  centre  is  an  don- 
gsted  band-like  (ligulate)  nucleus,  enclosed  by  a  d^nite  but  delicate  mem- 
bruie,  and  composed  of  a  homogeneous  finely-granular  substance.  In  two 
^[leQes,  0,  Planariarum  and  0.  tmdnaia  (XXII.  46,  47),  a  lai^ge  pulsating 
vMonlar  cani^  is  found ;  the  latter  species  is  also  furnished  with  strong  hooks, 
whereby  it  effects  its  attachment  to  the  intestinal  surface,  from  which  it  draws 
its  nutriment.  Propagation  takes  place  by  transverse  self-division,  and  also,  in 
the  opinion  of  a  few  observers,  by  germs  or  embryos.  The  OpaUnoB  are  com- 
posed of  saroode  enveloped  by  an  integument,  and  rapidly  undergo  diffluence. 
In  several  species  the  existence  of  a  mouth  has  been  surmised, — ^for  instance, 
bj  Ehzenbeig  in  Bwnana  (OpaUna)  Banarum,  and  by  Dtgardin  in  OpaUna 
lAtmbrieL  AU  doubt  on  this  point  may  be  always  removed.  Stein  tdls  us 
(op,  ciL  p.  181),  by  using  chemical  reagents,  such  as  alcohol,  acetic  add,  or 
week  sototion  oi  iodine,  which  destroy  &e  fold,  and  prove  no  real  openiug  to 
exist  If  ftirther  proof  were  wanted,  the  constant  absence  of  foreign  particles 
'm  the  interior  might  be  adduced.  This  absence  of  a  mouth  affords  evidence 
of  the  merely  tran8iti<mal  nature  of  OpaUnoea ;  for  the  same  feature  prevails 
in  the  ease  crfT  embryos  produced  from  the  Adneimay  &c. 

The  vesieles or, as  Ihyardin  calls  them,  ''vacuoles,''  seen  in  greater  or  less 
number  in  all  the  OpaUnoMy  are  irregularly  disposed  in  the  interior,  and, 
according  to  this  aut&nr  and  Stein,  have  no  limiting  membrane.  However 
this  may  be,  they  remain  dear  and  transparent  when  the  rest  of  the  contents 
ire  coloured  by  the  bile  of  the  animals  the  OpaUnm  inhabit.  This  fact, 
moceofer,  attests  another,  viz.  that  they  cannot  owe  their  formation  to  fluids 
reeshed  finm  without,  but  that  it  must  depend  on  the  peculiar  properties  of 
the  contmits  tiiemsdves.    The  formation  of  vacuoles  in  OpaUnux  was  adduced 
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to  disprove  the  origin  of  the  alimentary  globules  in  the  (Sliata  generally  by 
the  introdootion  of  liquid  from  without ;  but  it  is  to  be  remembered  tiiat  in 
these  two  groups  of  organisms  we  have  very  different  structural  conditions, 
and  that  in  the  Oiliata  the  entrance  of  water  mostly  holding  solid  partides 
in  suspension,  through  the  oesophagus,  and  the  moulding  of  it  into  a  more 
or  less  spheric^  outline,  are  matters  suificiently  proved  by  direct  observation. 
We  have  stated  above,  that  the  vesicles  are  not  contractile ;  Dujardin  has, 
however,  described  those  of  Leueophryg  striata  as  irregularly  so. 

The  cilia  are  disposed  in  longitudinal  lines,  and  in  some  instances,  where 
there  are  ridges  or  margins,  present  a  greater  length  and  thickness,  as,  £nr 
instance,  upon  the  edges  of  the  curved  sur&ce  by  which  the  0,  Planariarwn 
adheres. 

The  surface  can  throw  itself  into  plaits  or  folds, — an  occurrence,  however, 
probably  limited  to  animals  in  a  diseased  or  d3ring  state,  as  Perty  r^narks  in 
speaking  of  Opalina  Banarum  (op,  eit  p.  156). 

The  Opalinasa  are  not  very  active ;  they  swim  onwards,  moving  at  the  same 
time  in  an  oscillating  manner. 

The  above  account  comprises  all  that  can  be  stated  of  the  Opalincea  gone- 
rally,  since  the  differences  in  internal  structure  among  the  several  reputed 
species  are  so  great,  that  it  constitutes,  as  Stein  points  out  (op.  dt,  p.  182), 
a  strong  argument  against  the  existence  of  the  family  as  a  group  of  inde- 
pendent beings.  However,  from  the  study  of  the  peculiaritios  of  the  several 
members  of  tiie  admitted  genus  Opalina,  this  author  reduces  them  to  three 
types,  viz.: — 1.  The  most  common  form  of  Opalina^  represented  by  the 
Leueophrys  gtriata  of  Dujardin,  has  an  oblong  body,  marked  by  some  35  longi- 
tudinal granular  striee,  and  contains  a  number  of  vacuoles  varying  according 
to  external  conditions,  and  a  central  band-like  nucleus.  This  animalcule 
occurs  in  the  interior  of  the  common  earth-worm  (Lumhrious).  Stein  found 
them  of  different  lengths  from  1-60'"  to  1-14'",  and  in  all  stages  of  the 
process  of  transverse  fission.  When  placed  in  water,  they  become  more  active. 
2.  The  second  form  differs  from  the  preceding  by  the  irregular  distension  of 
the  body  when  placed  in  water :  a  strong  endosmotic  currents  sets  in  through 
the  enclosing  wall  and  raLses  it  frx>m  its  contents,  so  that  these  at  length  pro- 
duce the  appearance  of  a  smaller  Opalina  enclosed  within  a  lai^  one.  Du- 
jardin has  described  this  variety  imder  the  name  of  Leucophry$  nodulaia. 
This  Stein  would  unite  with  the  first  named,  under  the  term  of  OpMna  Lwm- 
Irid,  which,  indeed,  Schultze  applied  to  the  same  animalcule.  3.  The  third 
modification  of  Opalina  might  be  treated  as  an  independent  species ;  for, 
notwithstanding  a  general  resemblance,  it  has  a  striking  peculiarity  of  its 
own,  visible  under  a  strong  magnifying  power  (such  as  100  diameters),  in  the 
shape  of  a  single,  strong,  homy  apparatus,  placed  near  the  anterior  end  on 
the  flat  abdommal  surface  of  the  animal  (XXII.  47).  From  a  short  common 
base  situated  to  the  right  of  the  median  line,  sHghtly  curved,  uncinate, 
pointed  processes  are  given  off,  of  which  one  is  much  longer  and  stronger 
than  the  other.  To  the  left  of  this  organ  a  fold  or  furrow  occurs  in  the 
sur&ce,  which  might  be  mistaken  for  the  entrance  to  a  mouth.  The  deve- 
lopment of  this  organ  may  be  readily  followed  during  self-division.  It 
appears  first  as  a  homy  protuberance  dose  to  the  line  of  section  (XXII.  -^7), 
which  extends  backwards  into  the  base  of  the  process,  and  forwards  or  up- 
wards into  the  two  hooks.  It  is  also  worthy  of  notice,  that  generally  a  greater 
or  less  number  of  solid  oval  nucleoli  and  short  rod-like  bodies  make  their 
appearance  within  the  homogeneous  substance  of  the  nucleus.  The  Opalina 
Lumhrid  of  Dujardin  is  no  other  than  the  animalcule  described,  although  its 
characters  are  incorrectly  represented  by  that  author,  who,  from  his  ^;ure, 
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has  eridentiy  seen  a  speoimeii  which  has  very  recently  completed  tiie  act  of 
self-fifision  and  not  yet  reacquired  its  rounded  posterior  extremity.  The 
daiii  stripe  shown  at  the  fore  part,  and  supposed  to  indicate  a  mouth,  repre- 
eenis  the  uncinate  apparatus  above  described.  Stein  would  call  this  form  of 
Opalina  the  0.  armaia,  and  r^;ard  it  as  a  further  stage  of  deyelopment  of 
his  so-called  0,  Lwnbrid. 

This  view  is  supported  by  the  &ct  that  he  has  never  met  with  young 
individuals  of  O.  armata ;  for  aU  the  specimens  he  encountered  were  of  a  nearly 
equal  size,  and  larger  than  the  largest  of  0,  Lumbrici,  in  company  with 
which  young  beings  are  very  common.  Thus  0.  armata  attains  a  length  of 
1-12"'  to  1-9'",  and  0.  Lwnbrid  of  not  more  than  1-14'" ;  even  the  products 
of  fission  of  the  former  are  from  1-16'"  to  1-14". 

''  If  now  it  be  ocmsidered  th&t,  excepting  the  homy  process,  not  the  least 
difEerenoe  in  structure  exists  between  0,  Lumbrid  and  0,  amuUa,  it  is  ren- 
dered very  probable  that  the  latter  ia  merely  a  further  stage  of  development 
of  the  former.  K  this  be  the  case,  a  subsequent  more  considerable  meta- 
morphosis of  0.  nrmata  may  be  presumed,  when  it  becomes  transferred  to  a 
more  favourable  habitat,  as  happens  when  the  worm  it  inhabits  becomes  the 
food  of  scHne  other  animal.  I  have  not  actually  seen  Opalina  armata  adhering 
to  the  surface  of  the  intestine,  for  I  have  always  found  it  amidst  the  undi- 
gested mineral  and  oiganic  fragments  which  fill  the  alimentary  canal  of  the 
earth-worm.  Hence  it  is  more  likely  that  the  adhesive  oigan  is  destined  to 
subsequently  &x.  the  OpdUna  in  a  more  permanent  manner." 

The  hmg  pulsating  vessel  seen  in  Opalina  Planariarum  and  in  0.  undnata 
deserves  particular  notice,  by  reason  of  its  peculiaiity.  Stein  has  described 
it  in  the  first-named  species,  where  it  extends  the  entire  length  of  the  ani- 
malcole,  as  bounded  by  a  ^finite,  delicate,  structureless  membrane,  and  to 
be  without  the  outlets  Schultze  imagined.  It  contains  a  clear  liquid  like 
water,  which,  by  its  riiythmical  movements,  it  forces  to  and  fro  within  it. 
On  killing  the  animal  with  alcohol,  the  walls  of  the  vessel  are  rendered  very 
evident.  It  becomes  divided  through  the  centre  in  the  act  of  self-fission,  and 
is,  in  Stein's  opinion,  not  homol<^us  with  the  contractile  vesicles  of  the 
aiiata. 

Nucleus.  SELF-Divisiojr.  Supposed  Embbto. — ^The  nucleus  is  a  very  evident 
organ  in  all  the  Opalincea,  with  the  single  exception  of  0.  Banarum,  in  which 
Stein  has  sought  for  it  in  vain  among  multitudes  of  specimens  and  by  the  aid 
of  various  reagents.  In  this  same  exceptional  species  it  is  also  to  be  noted 
tiiat  he  never  witnessed  the  act  of  fission,  yet  Siebold  ("  Ueber  Monostomum" 
Wiegmann's  Archiv,  1835)  described,  in  an  OpaUna  living  as  a  parasite  in 
the  intestines  of  a  frog,  the  existence  of  a  number  of  small  embryos  within 
a  cavity  of  the  posterior  extremity  of  the  body :  whether  this  animalcule^ 
however,  was  the  OpaUna  Banarum  does  not  appear ;  for  the  peculiar  habitat 
does  not  by  any  means  prove  such  to  be  the  case. 

A  contrast  occurs  in  the  OpaUna  Branchiarum,  where  the  nucleus  which 
Hes  in  the  axis  of  the  body  has  the  same  figure  as  the  entire  being,  and  one- 
half  its  dimensions.  Even  among  examines  of  the  same  species  the  position 
of  the  nucleus  varies  exceedingly.  Simultaneously  with  the  appearance  of  a 
constriction  in  the  general  figure,  the  nucletis  shows  signs  of  approaching 
fission ;  but  ere  this  is  manifested  it  assumes  a  central  position  (whatever  may 
have  been  its  previous  one),  so  that  each  of  the  two  future  segments  may 
acquire  an  equal  section  of  it.  Morpover,  it  would  appear,  in  some  cases  at 
lefiust,  that  the  constriction  and  scission  of  the  body  advance  more  rapidly  on 
one  side  than  on.  the  other  of  the  animaL 

According  to  Stein,  the  production  recorded  by  Schultze  {Beitrdge  zitr  Natur- 
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g€$ehkhU  der  Twrbdlarien,  1851,  p.  67),  of  a  granular  germ-mass  in  CfpdKna 
Planariarum,  at  the  posterior  extremity  of  the  animalcule,  was  nothing  more 
than  the  act  of  fission  misconceiyed.  The  granular  contents  of  the  nndeos 
(says  Stein)  are  finer  or  coarser  in  the  animals  irrespective  of  their  size  ;  and 
the  supposed  germinal  masses,  as  the  figure  given  shows,  were  merely  the 
segments  of  the  nucleus  in  process  of  division,  and  not  illustrations  of  the 
ulterior  development  of  that  organ  iuto  other  beings.  Schultze  witnessed 
this  process  but  once,  in  a  specimen  he  named  Opalina  polymorpTm,  but  which 
was  the  same  as  the  0,  Planariarum  of  Siebold  and  Stein. 

Habitats,  Vital  Ekdowkents,  &c. — As  stated  before,  the  OpaUnan  are  pa- 
rasites of  various  animals,  the  most  common  of  which  are  frogs,  newts,  and 
other  Batrachia,  earth-worms  (LunUnici),  some  shell-fish,  as  the  Anodon  and 
the  common  muscle  (Mytilus  ediUis),  and  of  PlanaricB  and  several  Entozoa. 
They  are  found  in  the  iutestines  in  the  earth-worm,  in  the  rectum  and  bladder 
in  tiie  frog,  among  the  cilia  of  the  tongue  of  that  reptile,  or  amcmg  those  of 
the  gills  in  the  shell-fish,  &c. 

As  a  memorandum  touching  the  vital  properties  of  Opalinasa,  we  may  quote 
here  an  experiment  made  by  KoUiker  on  the  vitality  and  development  o^  the 
spermatic  filaments  {J,  M,  8, 1855,  p.  298) : — ''  The  OpaUnce  move  in  a  solu- 
tion of  common  salt  of  1  per  cent.,  and  of  phosphate  of  soda  of  the  strength 
of  from  5  to  10  percent.  In  a  solution  of  salt  of  5  per  cent.,  and  of  sugar  oi 
frx>m  10  to  15  per  cent.,  they  shrink  up  and  become  quiescent,  though  reviving 
upon  the  addition  of  water.  I  have  even  succeeded  in  reviving  the  CpaUnce  after 
they  had  been  treated  with  a  solution  of  common  salt  in  the  proportion  of 
one-tenth." 

Natubb  of  Opalikjsa. — ^The  observations  of  microscopistsiQ  general  ooncur 
to  prove  that  these  simple  beings  are  not  iudependent,  but  the  mere  embry- 
onic or  transitional  phases  of  other  animals.  This  opinion  was  put  forward 
by  Schultze,  and  has  been  seconded  by  Agassiz,  Stein,  and  others. 

Agassis  asserts  (Silliman's  American  Journal^  1853)  that  the  deficient  link 
in  Steenstrup's  history  of  the  succession  of  alternate  generations  of  C&rcctria, 
and  its  metamorphosis  into  Distoma,  is  supplied  by  his  discovery  that  a  ge- 
nuine Opalina  is  hatched  from  the  eggs  of  Distoma,  Stein  coincides  also  in 
considenng  them  metamorphosed  iuto  Vermes,  and  states  that  Steenstrup  has 
watched  the  transformation  of  Leucophrys  anodonta  (£hr.)  into  an  intestinal 
worm.  He  saw  first  that  the  cilia  vanished,  that  they  fixed  themselves,  and 
became  by-and-by  changed  into  oval  motionless  bodies,  which  continued  to 
grow,  and  formed  an  internal  space,  within  which  a  germinal  mass  was  de- 
veloped, out  of  which  Cercaria  originated. 

Apfinities  aud  Classification  of  OpALnrjsA. — Upon  this  head  the  first 
point  is  to  settle  what  genera  and  species  are  to  be  nimibered  with  the  OpaU^ 
ncea.  For  our  part  we  are  disposed  to  place  in  this  family  all  Ciliata  which 
are  mouthless,  and  which  lead  a  parasitic  life.  As  already  noted,  the  absence  of 
a  mouth  is  indicative  of  an  embryonic  character,  an  indication  strengthened, 
if  not  confirmed,  by  observation ;  consequently  this  group  of  beings  is  at  best 
but  provisional,  serving  only  the  purposes  of  definition  and  nomendatoie, 
until  science  shall  be  enabled  to  indicate  the  particular  ftniynfiV  into  whose 
cycle  of  life  they  severally  enter. 

Furthermore,  we  have  seen  that  some  reputed  species  are,  in  all  probability, 
only  different  stages  of  existence  of  the  same  Opalina, — ^for  instance,  the  0. 
armata  a  more  adult  state  of  0,  Lumbriei,  And,  again,  the  structural  differ- 
ences between  0.  uncinata  and  0,  Planariarum  (consisting  in  the  possesBion 
of  a  singnlar  pulsating  vessel)  and  the  rest  of  the  group  are  so  striking,  that 
they  can  scarcely  be  rightiy  included  in  one  genus. 
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On  taniiiig  to  the  syBteniatic  descriptions  of  yarions  writers,  we  find  much 
diser^anej  in  detail,  and  much  difference  in  opinion,  respecting  both  the 
specieB  to  be  oounted  among  Opdlincea  and  their  generic  distribution. 

The  fjunily  *  Leuoophryens '  of  Dujardin,  and  the  CohaUna  of  Perty,  severally 
include  most  of  tiie  species  which  we  would  reckon  as  OpalinoBa.  These,  in 
Ehrraiberg's  system,  were  scattered  through  several  genera, — the  majority, 
however,  beiiig  comprised  in  his  genus  Burtaria,  Stein  points  out  three  prin- 
cipal modifications  of  foim,  but  is  not  prepared  to  constitute  them  into  genera. 

In  the  classification  adopted  by  the  three  first-named  writers,  the  Opalinaea 
were  accounted  ordinary  GiHated  Protozoa.  Perty  and  Dujardin  so  far  re- 
cognized their  peculiarities  as  to  erect  them  into  a  distinct  fiunily.  Siebold 
went  fdrther,  and,  on  account  of  the  absence  of  a  mouth,  placed  them,  with 
JjtoMM  and  Peridinuxaf  among  the  Astoma.  We  coincide  with  Siebold  in 
thus  more  completely  separating  them  from  the  stomatodous  Ciliata  than  the 
other  authors  named,  but  at  the  same  time  look  upon  them  as  more  nearly 
allied  with  (^liata  than  with  either  Peridinicea  or  AJstasuga,  and  consequentiy 
prefer  to  treat  the  Opalincda  as  a  subgroup  of  those  Protozoa. 

Neither  the  intimate  structure,  nor  the  developmental  history  of  the  Opa^ 
hmaa,  is  sufficiently  well  understood  for  them  to  be  arranged  in  well-defined 
geoera ;  nevertheless,  as  both  Dujardin  and  Perty  have  each  essayed  a  sy- 
stematic distribution,  it  behoves  us  to  set  their  schemes  before  the  reader. 

Digardin  divides  the  LeueophryefM  into  three  genera,  viz.  Spaitddiumy 
Ltmoipkryty  and  Opalina,  Beodes  these,  he  has  other  mouthless  genera  in 
his  fiimily  Pke^oonieM^  viz.  Diophrys  and  Coecudina^  marine  but  not  parasitic 
animalcules ;  also  a  genus  TroehiUa  without  distinct  mouth,  also  marine  in 
halnt,  located  in  the  £unily  ErviUens ;  and  last,  the  genus  Plagiotoma,  among 
the  BwnarienM,  parasitic  in  habit,  and  supposed  to  have  a  mouth  situated  at 
the  bottom  of  a  fossa,  but  which  contained  no  foreign  matters,  and  could  not 
be  fed  artificially  with  colouring  matter.  Of  these  genera  Coceudina,  Dio- 
phrysy  and  TrodUlia  are  imperfectly  known,  particularly  the  two  last,  and 
the  absence  of  a  mouth  cannot  be  predicated  of  them  with  any  certainty, — 
whilst  of  the  last  named  (Plagiotoma)  the  balance  of  evidence  is  against  the 
existence  of  a  mouth,  and,  as  we  shall  see,  this  genus  is  a  member  of  Perty's 
fionily  CoUtUna,  and  has,  moreover,  in  Stein's  opinion,  no  claim  to  rank  as  a 
distinct  genus. 

The  parasitic  family  Cobaiinay  Perty,  comprises  the  genera  Alastor^  Plagio- 
toMa,  Leucophnfs,  and  Opalina.  The  characters  of  these  several  genera,  placed 
by  observers  among  the  OpaUnoMf  or  some  parallel  group,  together  with  their 
mutual  relaticms  and  differences,  will  be  folly  treated  of  in  the  systematic 
section  of  this  woric. 

FAMILY  II.— PERIDINICEA. 
(Plate  X.  224-226;  XXXI.  16-23.) 

This  family,  in  Ehrenberg's  classification,  comprehended  four  genera,  vi2. 
Ckmtohfphlaj  Chatoglena,  Peridinium,  and  Olenodinium ;  but,  as  Dujardin 
ri^tly  judged,  the  two  fbrst  genera  belong  rather  to  the  Cryptomonadina,  by 
bong  destitute  of  the  ciliary  furrow,  the  leading  charactenstic  of  the  Pert- 
dmuBa.  Our  description  will  therefore  particularly  apply  to  the  two  other 
genera,  Pendimtim  and  Glenodinmm, 

The  beings  under  consideration  have  received  littie  attention  from  natu- 
ralists, and  are  still  imperfectly  understood.  Indeed,  we  feel  that  no  sufficient 
data  aie  at  hand  whereon  to  ground  an  opinion  relative  to  their  true  position, 
nature,  and  affinities.     We  place  them  here  as  a  supplementary  group  of 


Digitized  by  VjOOQ IC 


272  GSNSBAL  HISTOBT  OF  THE  IKFU80RIA. 

Ciliated  Protozoa,  first,  because  of  their  wreath  or  general  clothing  of  cilia — a 
phenomenon  seen  among  none  of  the  Phytozoa  or  Flagellata,  which  have,  nerw 
more  than  one  or  two,  or,  rarely,  four  filaments  or  fiabella ;  and  secondly,  be* 
cause  every  author  who  has  described  them  treats  them  as  animalcules. 
Perty,  although  recognizing  them  as  animals,  ncTertheless  groups  them  with 
his  Phytozoidia,  probably  owing  to  their  bizarre  form  and  to  the  characteiistie 
internal  organization  of  Ciliata  not  being  perceptible.  Siebold,  on  the  con- 
trary, places  them,  together  with  Euglenoea  and  Opalincea,  among  the  asto- 
matous  or  mouthless  I^tozoa. 

Ehrenberg's  description  of  the  Peridinioea  is  as  follows : — ^The  animalcules 
of  this  family  are  polygastric,  but  have  no  alimentary  canal ;  the  mouth  is 
usually  found  in  a  depression  near  the  middle,  and  from  its  vicinity  a  delicate 
filament  (proboscis)  is  given  off  in  three  of  the  genera.  They  are  clothed 
with  a  shell  or  lorica,  having  a  transverse  furrow  or  zone  occupied  with  a  row 
of  vibratile  cilia ;  and  besides  this  wreath,  several  species  have  also  fine  setn 
or  cilia  scattered  over  them.  In  Feridinium  acuminatum,  P.  fuhmn^  and  jP, 
(Ceratium)  comutum  the  digestive  sacs  are  visible  without  recourse  to  artificial 
means  ;  but  in  P.  Pulvisculus  and  P.  cinctum  those  organs  can  be  demonstrated 
only  by  the  use  of  coloured  food,  chiefly  because  they  are  hidden  by  the 
clusters  of  ova,  to  which  the  colour  of  the  animalcules  is  due.  This  is  com- 
monly red,  yellow,  or  brown,  and  rarely  green.  In  Peridinium  Tripos  and  P, 
Fusus  a  seminal  gland  (nucleus)  is  visible,  and  in  Chostoglena  and  Qle>m>dmiam 
a  red  eye-speck.  Longitudinal  self-divisio^  has  been  observed  in  P.  PuUnseviUa 
and  P.  Fu8U8, 

Dujardin,  unable  to  accept  these  views  of  their  organization,  desmbed  the 
*  Peridiniens '  as  ''  animals  without  known  internal  organs,  enveloped  by  a 
definite  resistant  membranous  lorica,  which  sends  off  a  fiagelliform  filament^ 
and  has,  in  addition,  one  or  more  furrows  beset  with  vibratile  cilia.  The 
lorica  would  appear  to  have  no  orifice,  since  foreign  particles  and  colaaiing 
matters  cannot  enter  it. . .  .The  members  of  this  family  are  distinguished 
from  Thecamonadina  by  the  ciliated  furrow  or  furrows." 

Further,  Dujardin  ignored  the  red  stigma  as  a  generic  distinction,  and  in 
this  is  foUowea  by  Perty.  Ehrenberg  created  a  subgenus  of  Peridinium  for 
those  species  which  have  the  lorica  prolonged  into  horn-like  processes,  under 
the  name  of  Ceratium,  Both  Dujardin  and  Perty  retain  this  appellation,  but 
would  elevate  the  group  comprehended  under  it  to  the  rank  of  a  genua. 

Let  us  now  proceed  with  a  resume  of  the  facts  at  present  received  respect- 
ing the  organization  and  habits  of  the  Pendituoea. 

The  lorica  is  double,  consistuig  of  an  outer,  more  or  less  firm,  non-contrac- 
tile layer,  and  an  inner,  homogeneous,  hyaline  membrane :  usually  a  i^aoe 
occurs  between  the  two  coats ;  but  in  Glenodinium  they  are  in  close  apposi- 
tion— ^a  double  contour,  however,  being  perceptible.  The  inner  layer  may 
be  taken  to  represent  the  primordial  utricle ;  it  immediately  envelopes  the 
contents,  which  consist  of  a  homogeneous  protoplasm,  enclosing  within  itself 
numerous  globules,  granules,  and  vesicles.  In  the  case  of  the  smallest  iVi- 
dinicMf  such  as  P.  PulvisculuSy  P.  monadicum,  and  P.  Corpusculumy  the  di- 
stinctness of  envelope  from  contents  ceases,  and  when  in  a  dying  condition  the 
whole  figure  undergoes  a  great  variety  of  changes — a  fact  indica^ng  a  leas 
perfect  development  of  the  lorica — and  there  is  a  rapid  breaking  up  of  the 
contents.  In  the  larger  species  the  outer  tunic  is  more  elaborated,  and  either 
displays  a  minute  cellular  or  reticulate  structure,  or  appears  quite  smooth  and 
structureless,  although  firm  and  resistant  (as  in  Olenoditdum  dnetum).  A 
cellular  lorica  occurs  in  Ceratiumy  and  also  in  various  Peridinia,  which  Perty 
separatee  from  the  rest,  under  the  name  of  Ohnodinium,  by  reascm  of  this 


Digitized  by  VjOOQ IC 


OF  THE  PBOTOZOA. ^PBBIDnrLXA.  273 

stnietare.  TioB  external  tunio  is  decompoBable,  although  it  resists  destrac- 
tkii  modi  longer  tiian  the  contained  matters ;  and  it  is  especially  after  a 
certain  amoont  of  change  has  proceeded,  that  its  delicate  retiform  stracture 
is  more  distinetly  exhibited. 

The  figore  of  Peridmicm  is  yery  Tarions  and  bizarre :  the  simplest  is  that 
of  a  ^h^roid  diyided  into  two  segments,  equal  or  unequal  in  size,  by  a  trans- 
reae  ciliated  furrow  or  zone.  In  some  instances  one  side  is  flatter  and  concave, 
and,  aeoording  to  Perty,  presents  a  wide  opening,  or  elongated  Assure  (XXXI. 
16),  from,  which  the  filament  may  sometimes  be  seen  to  proceed.  Moreover, 
besides  the  transverse  furrow,  a  second  is  seen  in  some  species  to  proceed  from 
it  at  n^t  angles,  as  fw  as  the  vertex  of  the  anterior  half, — as,  for  example,  in 
Br.  Allman's  q>ecies  Peridinium  uberrimum  (XXXI.  16, 18),  and  in  P.  fuscum 
and  P.  oeulaium  {Gflenodmiiim  dnetum^  £hr.).  Indeed,  in  Olenodimum  apicu^ 
latum  Ehrenberg  describes  several  subsidiary,  shallower,  hispid  furrows  branch- 
ing over  the  snifuse  (X.  224-226),  and  in  G.  tabuUUum  a  series  of  non-hispid 
lines  or  ridges.  These  last  two  forms  recall  in  general  features  the  poUen-cells 
or  gndns  <^  the  hi^er  plants,  and  may,  indeed,  from  the  deficiency  of  a  loco- 
motire  filament,  and  from  other  exceptional  characters,  be  considered  doubtful 
members  of  the  fiimily  Peridimcea,  An  inequality  of  the  two  segments,  as 
separated  by  the  ciliaiy  zone,  is  seen  in  Peridirnum  Carptucukim  and  P.  tno- 
nadierniHy  and  in  a  less  degree  in  P.  oeulatmn  (Qlmodinium  dnetum).  The 
figure,  however,  is  very  curiously  and  materially  altered  by  the  production  of 
tapoing  or  hom-Eke  processes,  o£  a  large  diameter  and  great  length  relatively 
to  the  principal  portion  or  body  of  the  organism.  These  processes  differ  in 
ramber  in  diffisrent  species,  and  give  rise  to  very  bizarre  forms,  departing 
widely  ftom  these  of  any  Ph3^tozoa  or  from  any  other  ciliated  Protozoa.  The 
mmber  of  horns  in  0mi<uim.FWu8  is  two,  and,  being  in  the  same  line,  produce 
tile  qpindle-shj^  figure  of  the  entire  being  (X.  222,  223).  In  C.furca 
two  ooeor  in  frtmt  and  one  of  larger  dimensions  behind ;  the  same  is  seen  in 
P.  Tripos  (X.  219,  220),  in  whidb,  however,  the  two  anterior  processes  are 
corre^ — whilst  P.  eomutvm  (Ceratkum  ffirimdinella)  has  from  two  to  three 
poiterioily,  and  one,  usually  curved,  anteriorly.  In  CerctHwn  Miehaelis  (X. 
221),  again,  we  see  tiiree  short  processes  project  from  the  posterior  half ;  and, 
lastfy,  in  C.  maoroeeraa  (Perty)  tiiree  are  represented  behind,  of  which  the 
central  is  moch  the  longest  and  straightest,  and  in  front  one  still  longer  but 
rather  emred.  The  le^g;th  of  the  horns  compared  with  the  body  of  tiie  Ce^ 
raiia  affords,  however,  no  specific  character,  inasmuch  as  it  varies  according 
to  age  and  probably  also  other  conditions,  llie  vibratile  cilia  are  usually  con- 
fined to  the  groove  surrounding  the  lorica,  and  to  the  direct  continuations 
fnm  it  Nevertheless  Br.  AUman  discovers  in  P.  uberrimum  the  whole  sur- 
fiwe  sparsely  covered  with  them ;  and  Ehrenberg  mentions  the  supplementaiy 
fiorows  of  GUnodimHim  apieulatwn  as  occupied  with  hispid  haiis  (X.  224-- 
226).  The  locomotive  filament,  which  Ehrenbeig  fidled  in  seeing  in  all  even 
of  Ins  genus  P^ridimum,  is  usually  of  great  length  and  tenuity,  and,  accord- 
ing to  the  great  Beriin  micrographer,  proceeds  from  the  neighbourhood  of  the 
mouth  whoeh  he  believed  he  detected  in  Peridinium  Futfus  in  a  hollow  near 
tiie  middle  of  the  animalcule.  Allman  more  definitely  poiats  out  its  situation 
as  being  near  tiie  junction  of  the  transverse  and  vertical  furrows  in  the  species 
he  has  deseribed  (XXXI.  16).  Lastiy,  Perty  states  that  Ceratium  Hirwndinetta 
(0.  eommtumy  Elur.),  when  swimming,  stretches  out  the  filament  as  if  stiff,  and 
tiiai,  although  2^  times  longerthan  the  body,  it  may  be  easily  overlooked,  on 
aeeount  of  its  active  swinging  movement.  It  is  apparentiy  a  production  of  the 
protopbam,  profanded  externally  through  an  aperture  in  the  investing  tunics. 
Opinion  is  divided  respecting  the  existence  of  a  mouth.     Ehrenberg  repre* 
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sented  one^  and  also  the  possible  admission  of  ooloored  food,  bat  was  contra- 
dicted by  Dnjardin,  who  denied  both.  Siebdd  reck(»ui  PmdinioBa  among 
monthless  Infusoria  {Astoma).  Perty  mentions  the  fossa  in  the  shell,  bat  no 
aperture ;  and  Allman  remains  silent  on  the  matter.  On  the  other  hand,  Laeh- 
mann  admits  its  presence,  and  thus  discusses  the  mode  of  reception  of  food 
(^.i^.^.l857,voL  xix.  p.  220) : — "From  the  point  of  insertion  of  the  flagel- 
lum,  on  one  side  the  large  notch,  in  the  u^>er  part  of  the  row  of  cilia,  a  dear 
canal  passes  into  the  body  of  the  animal,  and  dilates  at  the  extremity  to  form 
a  cavity  of  variable  diameter.  The  flagellum  is  often  seen  to  contract  rapidly 
into  a  spiral  form,  and  apparently  disappear ;  and  not  onfrequently  we  may 
then  succeed  in  perceiving  that  it  \b  jerked  back  into  the  above-mentioned 
cavity,  from  which  it  soon  returns  into  its  previous  position.  Now  it  cer- 
tainly appears  worth  while  to  see  whether  small  particles  of  food  are  not 
carried  into  the  cavity  by  this  jerking  in  of  the  flagellum." 

CoKTBirrs. — Them  may  be  divided,  as  in  the  EugUnoBy  into  minute  shi^>eLB8B 
molecules,  and  globular  coipusdes  and  veeidee  with  red  stigma  and  nudeus. 
Sometimes  tiie  corpusdes  are  green,  and  resemble  chloroi^yU,  but  more  fire- 
qneutiy  they  are  red,  yellow,  or  brown,  or  intermiztures  of  those  coloars.  In 
tiie  earliest  stages,  indeed,  cdoor  is  absent,  and,  just  as  in  ESugUnotay  only 
minute  moleculsB  are  found  interspersed  in  the  odourless  protc^dasm.  More- 
over, when  a  colour  appears,  it  may  not  simply  become  more  intense  or  darker 
by  age,  but  change  to  another  tint  bdonging  to  the  same  series  of  cobars. 

In  younger  spedmens  again,  the  contents  more  completdy  occopy  the 
entire  being,  whilst  frequently  in  old,  and  more  espeoally  in  specimens 
withering  or  dying,  they  become  contracted  into  a  ball,  placed  dther  in  the 
centre  or  more  or  less  to  one  dde  (excentric).  A  swelling  out  of  the  external 
tunic,  the  disappearance  of  the  red  stigma,  the  vibratile  dlia,  and  the  filament 
accompany  this  Rhrinlring  of  the  cell-ccmtents.  The  retrograde  change  in 
the  contents  is  further  manifested  by  the  appearance  of  a  li^ge  veside  about 
the  centre,  or  of  several  dispersed  nnaller  ones  at  that  or  in  other  parts. 
Some  at  least  of  these  vesides  are  merdy  oil-drops,  which,  as  Braon  shows 
in  his  essay  on  Bejnvenesoence,  are  the  usual  concomitants  of  a  process  of 
destructive  assimilation.  After  the  destruction  of  the  cdl-contentSy  the  fim 
lorica  remains  like  an  empty  shdl,  boldly  displaying  its  scolptoring,  and  in 
many  instances  also  a  ourvred,  apparently  iutemal,  stripe  about  the  middle  or 
to  the  lig^t  of  it,  which  Perty  presumes  to  be  eitiier  tiie  line  of  attachment 
of  the  contexts  or  a  fold. 

Among  more  constant  stractures.  Dr.  Allman  describes  a  central  nadeoa — 
the  organ  probably  alluded  to  by  Ehrenbeig  under  the  name  of  an  oval  semi- 
nal gland,  in  Peridtnivm  Tripos  and  P.  Funa.  Allman  describes  the  nadeos 
to  be  of  an  irregular  oval  form,  quite  colourless,  and  marked  on  the  sorfEMo 
with  curved  striee  (XXXI.  20) ;  under  pressure  the  envelope  gives  way,  and 
the  nudeus  escapes  with  the  other  contents.  A  contractile  vedde  has  not 
hitherto  been  discovered.  One  or  more  large  dear  vacuoles  may  originate  in  the 
internal  substance ;  but  such  have  not  the  pulsating  power  of  definite  vesides. 

The  red  speck  or  stigma  (XXXI.  16, 17)  has  no  pretensicms  to  the  natoie 
of  a  visual  organ.  It  is  not  always  present  even  in  examples  of  the  same 
spedes ;  or  it  is  multiplied ;  and  it  is  known  also  to  disappear  with  advancing 
age.  Again,  Perty  recounts  the  fact  of  the  diffiiaion  of  tiie  red  cdoor 
of  the  speck  throughout  the  whde  contents,  at  times  leaving  a  narrow  ex- 
ternal ring  which  retains  its  green  colour.  This  phenom^ion  was  witnessed 
in  a  specimen  of  QlenocUrUum  dnetum.  In  young  individuals  of  Buridmium 
iabuiaium,  which  are  of  a  light^green  colour  and  tranducent,  there  is  no  tnee 
<tf  a  red  speck ;  yet  Perty  met  wil^  a  collection  of  these  beings  of  i^parently 
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smiller  aiie  than  usual,  yellow  in  oolonr,  and  not,  like  older  animalcales, 
greenish-brown  or  brown,  which  had  from  10  to  12  red  vesicles  or  globules 
aboat  the  middle  of  the  anterior  segment,  StOl  the  general  rule  is  that  in 
Teiy  young  individuals  no  stigma  is  present  The  inconstancy  of  the  presence 
of  die  red  speek,  even  in  mature  specimens,  its  absence  in  very  young,  its  dis- 
appeazanoe  in  old  ones,  and  the  many  irregularities,  not  only  in  its  occurrence 
birt  alflo  in  aixe  and  number,  are  facts  which  sufflcientLy  prove  its  worthless- 
neas  as  a  generic  or  even  as  a  specific  distinction,  and  which  declare  against 
its  assumed  fbnction  of  a  visual  oigan  in  this  as  in  other  families  of  Protozoa. 

BsFSODTicnoir. — ^Longitudinal  fission  has  been  seen  to  take  place  in  several 
wpede^  Self-division,  says  Perty,  presents  many  peculiarities  among  the 
Peridmiaa.  In  Ceratium  HirwndineUa,  fission  is  longitudinal ;  it  commences 
anteiimrly  dose  to  and  on  the  left  side  of  the  great  horn  (as  the  animalcule 
is  viewed  from  above),  and  advances  towards  the  posterior  extremity.  The  pro- 
cess is  not  confined  to  the  large  specimens,  but  is  equally  enjoyed  by  the  Small. 

Daring  the  act  of  fission  in  Peridimum  PuUnsciduSy  Perty  noticed  that 
betoe  its  completion  the  newly-finrmed  s^;ment  continued  to  augment  in 
ose  until  it  surpassed  the  original  being,  wMch  uncterwent  no  enlargement. 

Dr.  AllmATi  notieed,  in  ihe  species  he  examined  (J.  M,  8. 1854,  p.  25),  that 
^Mmtaneous  division  iio6k  place  *^  parallel  to  tiie  annular  ftorow ''  (XXXI. 
18),  ».  4.  therefore  transversely,  ^  and  in  the  unfdrrowed  hemisphere.''  He 
also  lemaiked  the  important  fiiet,  that  this  prooees  appears  to  be  invariably 
preeeded  by  a  division  of  the  nucleus ;  and  he  had  succeeded  in  isolating  nucM 
presenting  almost  every  stage  of  transverse  fission.  But  besides  their  reproduc- 
tion by  fission,  Perty  adopts  Ehrenbeig's  views  and  inausts  on  their  deveiopm^it 
fron  ova  or  ovules,  whidi  present  themselves  in  the  form  of  brown  or  green 
eofpoBcles  in  the  interior.  PeridMdvm  tabvlaium  is  often  seen  to  be  foU  of 
sndi,  elUptic  in  figure,  and  as  much  as  1-150'"  in  length,  and  which  can  be 
expdled  by  preanire  horn  the  animalcule.  In  P.  Pukwidus  Perty  met  with 
speomens  from  1-400'"  which  were  aggregated  together  in  masses,  and  moved 
togetlMr.  In  P.  Oi>rpti$eulum,  he  asserts,  development  from  ovules  may  be 
direeily  observed ;  and  he  gives  figures  of  ovules  s^  free,  and  of  the  young 
gsnegated  from  them,  iHiich  would  seem  the  same  structures  with  the  action 
of  a  eeH-wttlL  llie  ovules,  too,  are  laige  and  very  evident  in  OeroHum  comutum; 
and  he  regards  the  SBiaU  brown  organisms  which  may  be  fbund  in  oon^Mmy  with 
mtare  individuals  at  various  times  of  the  year,  as  the  primitive  stage  of  ge- 
naatio&  of  those  ova  before  acquiring  thep^ect  figure  ai  Ceratium.  In  s(»ne 
qpecimefts,  indeed,  he  remariEed  the  long  filament  peculiar  to  the  species,  and  a 
red  stigma  in  the  posterior  segment.  The  smallest  examples  measured  1-200"', 
and  were  at  first  elliptio ;  from  this  they  changed  to  reniform,  and  became 
distnigmshed  into  an  anterior  and  a  posterior  half.  Their  movement  was  ro- 
tatay  or  s^ral,  and  quicker  than  in  old  individuals.  On  one  occasion  he  saw 
small  examples  t^Ceraiittm  Hinmdindla  only  1-25'",  of  the  same  figure  as  the 
large  q>ecimens,  but  completely  colourless ;  at  another  time  he  encountered 
pale  browmsh-green  individuals,  with  a  beautifril  red  stigma,  and  the  poste- 
rm*  lateral  horns  soaroely  developed, — whilst  in  one  instance  the  anterior 
eoiim  was  eomidet^  formed,  and  the  posterior  extremity  rounded.  These 
examines,  he  observes,  appear  to  be  difierent  structural  phases  through  which 
the  products  generated  from  the  ovules  have  to  pass. 

The  reprodootion  by  ovules  or  internal  germs  has  its  parallel  in  EugUncea ; 
and,  fike  as  in  this  group,  so  in  the  fronily  FgricUmcBa  a  quiescent,  resting,  or 
«  still "  stage  appears  to  occur.  Dr.  Allman  has  put  fiNrward  this  frtct  most 
dmdj.  He  writes  (J.  M.  8.  1854,  p.  24)— «  Before  death,  and  also  when 
from  a  motile  to  a  quiescent  state,  most  Hkdy  preparatory  to  under^ 
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going  some  important  developmental  change,  the  contents  eontraet  towaids 
the  centre ;  and  then  an  external  transparent  and  perfectly  coloarless  yeside 
becomes  visibley  while  the  flageUnm  and  cilia  disappear.  The  contracted 
contents  present  a  yery  definite  and  general  spherical  boundary,  and  are  evi- 
dently induded  in  a  distinct  cell " — the  primordial  ntride.  On  a  snbseqneDt 
examination  of  the  pond  in  which  the  spedes  examined  occurred  in  prodi- 
gious quantity,  he  found  ^'  immense  masses  "  of  the  Peridimum  ^^  towards 
the  bottom,  where  they  appeared  quite  healthy,  thou^  presenting  the  eondi- 
tion  described  above  as  characterizing  the  quiescent  state  of  the  animalcule.'^ 

Our  imperfect  information  respecting  the  organization  of  the  PeridtnUjea 
renders  any  arguments  conceniing  their  nature  unsatisJEiactory  and  inoondn- 
sive.  Ferty,  to  whom  we  owe  most  of  our  knowledge  respecting  these  crea- 
tures, agrees  with  Ehrenberg  in  assigning  ihem  an  animal  nature ;  and  we 
gather  from  the  few  remarks  Dr.  Allman  has  made,  that  this  opinion  has  also 
the  advantage  of  his  support.  Dujardin,  we  may  add,  treated  the  PeridkwBa 
as  animalcules.  Of  the  opposite  opinion,  viz.  tluit  they  are  members  of  the 
vegetable  kingdom,  we  know  of  no  advocates,  although  some  foots,  such  as 
the  apparent  absence  of  the  known  internal  structure  of  the  Ciliated  Protozoa, 
the  non-contractility  of  their  bodies,  the  character,  colour,  and  dianges  of 
their  contents,  might  be  adduced  in  its  favour.  However,  the  force  of  tiiose 
presumed  &cts  wiU  be  much  lessened  by  the  consideration  that  the  internal 
organization  of  the  Giliata  may  yet  be  discovered  in  these  organisms  when 
they  recdve  their  due  share  of  attention  from  microscopists,  that  even  the  ab- 
sence of  a  mouth  and  rudimentary  digestive  tube  would  not  absolutdy  exdnde 
them  from  the  animal  kingdom ;  and  that  in  the  form  and  charactw  of  their 
dliary  armature  they  present  an  animal  much  more  than  a  vegetable  type. 

Of  their  Vital  E^irDowifBNTS,  we  may  state  that  some  swim  with  oonfli- 
derable  activity  by  means  of  their  flagellum,  aided,  no  doubt,  by  their  eiliaiy 
wreath,  which  probably  gives  the  oscillating  and  rolling  character  to  their 
movements. 

They  are  inhabitants  both  of  salt  and  of  still  fredi  water,  among  aqnatic 
plants,  but  not  of  inf^ons ;  and  they  disappear  from  water  when  long  kept. 
Most  of  the  genus  Peridimum  are  marine.  They  may  occur  in  such  enormoas 
multitudes  as  to  cdour  the  pond  or  other  collection  of  water  in  whidi  tbey 
have  accumulated.  Of  this  phenomenon  Dr.  Allman  mentions  an  example 
in  which  his  Peridimum  vherrvm'wm  was  so  abundant  in  the  ponds  of  Fhouiix 
Park,  Dublin,  as  to  colour  the  water  brown : — **  This  colour  was  sometimes 
uniformly  diffused  through  the  water ;  at  other  times  it  appeared  as  dense 
clouds  varying  from  a  few  square  yards  to  upwards  of  a  hundred  in  extent.'' 
This  was  in  June ;  in  July  '^  the  coloration  of  the  ponds  had  much  increased 

in  intensity The  colour  iu  some  parts  was  of  so  deep  a  brown,  that  a  white 

disk  half  an  inch  in  diameter  became  invisible  when  plunged  to  a  depth  ol 
8  to  6  inches,  while  a  copious  exit  stream,  which  constantly  flowed  away 
from  one  of  the  ponds,  presented  the  same  deep-brown  tint." 

The  most  remarkable  vital  phenomenon  presented  by  the  Peridimaay  and 
which  is  particularly  common  in  them  as  a  femily,  is  that  of  phosphorescenee, 
which  is  possessed  in  a  high  degree  by  several  of  the  marine  spedes,  having 
a  yellow  or  yelloW'*brown  cdour.  In  nine  phosphorescent  drops  of  sea- water 
from  near  Kiel,  taken  up  one  after  another  by  Ehrenberg,  nothing  save  a 
single  individual  of  Peridinium  (CeraHwn)  Tripos  was  discoveraUe.  Besides 
this  spedes,  the  following  other  OeraHa  are  phosphorescent,  viz.  Ceratwm 
Fume,  O,  aeumUnatum,  O,  MiehaeUe,  and  C  Fwrca, 

Ehrenberg  has  reported  the  occurrence  of  fossil  Peridinioea  ;  but  liie  or- 
ganisms so  considered  are  peculiar  in  having  a  silidous  shdl,  which  renders 
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tiieir  aUianee  to  this  fEonfly  MMnewhat  doubtftiL  The j  are  met  with  in  chalk, 
the  only  secondary  stratum,  and  h&^  in  the  sabstance  of  flints ;  but  they 
also  occur  in  strata  of  later  formation.  Their  preeenoe  in  flints  renders  it, 
indeed,  supposable  that  their  siHcious  constitution  is  an  ulterior  result  of  the 
infiltration  of  silex  in  a  state  of  solution  into  the  texture  of  their  previously 
membranous  envelope.  They  are  foimd  in  company  with  fossil  Pyxidic^da 
and  Xanikidia.  Ehrenberg  described  two  fossil  species  under  the  name  of 
O^niiwrn  pytr>pkorum  and  C.  DeUHenu, 

CniATA. 

GbOTJP  B. SrOlfATODA. 

(mustrated  by  Plates  XXTV.-^XXXI.) 

The  animalcules  whose  general  history  we  have  now  to  write  are,  as  before 
menti<med,  comprehended  for  the  most  part  in  the  families  Dmol^ryinay 
Vorticellina,  Ophrydina,  EncheUay  Colepina,  TraefuUna,  Ophryocereina,  Atpi^ 
di$eina,  Kolpodea,  Oxytriehma,  and  Euplota,  as  instituted  by  Ehrenberg,  with 
the  removal  of  the  Opalincta  from  the  Traehdina,  and  of  the  Adnetina  and 
AOmophryina  from  tiie  EncheUa, 

The  descriptions  of  the  beings  composing  these  several  families,  as  fhrniahed 
by  Ehrenberg,  are  so  tinged  by  his  peculiar  views  of  organixation  as  to  mar 
their  utility ;  and  therefore,  for  precision  and  accuracy  oi  detail,  we  have  to 
lefy  in  great  measure  on  the  observations  made  within  the  last  few  years, 
chiefly  ty  German  naturalists.  Notwithstanding  the  persevering  industry 
with  which  these  scientific  men  have  pursued  their  inquiries,  many  g^iera 
yet  remain  almost  unknown,  or  little  understood,  in  respect  to  their  structure, 
whether  internal  or  extemaL 

The  CSliated  Stomatoda,  or  as  we  shall  more  briefly  style  th^n  the  Ciliata, 
are  microscopical  animals  having  a  definite  limiting  mraibrane  or  external 
tonic  covered  more  or  leas  completely  with  vibratile  dlia,  by  which  they 
swim ;  and  when  it  is  indurated,  as  not  unfrequently  happens,  it  is  further 
foniished  with  bristles  or  other  tegumentary  appendages,  by  which  they 
are  capable  of  crawling  or  leaping.  They  all  possess  a  more  or  less  di- 
stinct mouth,  which  opens  into  an  oesophagus  or  gullet,  continued  to  a  vari- 
able extent  into  the  interior  as  a  digestive  or  alimentary  tube,  but  ending 
abruptly  by  an  open  extremity.  In  many  genera  a  discharging  orifice  or 
anus  is  perceptible ;  and  in  all  there  are  a  nudeus  and  one  or  more  contractile 
vesicto.  They  propagate  by  self-division,  by  gemmation,  and  by  internal 
genra  or  embryos,  witii  a  greater  or  less  degree  of  metamorphosis,  and  they 
nndeigo  the  encysting  process :  the  act  of  gemmation  appears  limited  to  a 
few  genera ;  but  self-fission  and  embryonic  development  may  be  predicated  as 
general  phenomena. 

Bnaaraioire. — ^In  dimensions  all  the  Ciliata  are  microscopical ;  for  if  some, 
such  as  Spirostamum,  Sientor,  Operculariaf  ZoothamrUum,  Vaginicola,  and 
otiier  genera  of  Volvocina  and  Ophrydina  are  visible  to  the  naked  eye  as 
ndnute  qtecks  or  globules,  they  are  &r  beyond  its  ken  for  any  purposes  of 
investigation,  and  are  therefore  essentially  objects  for  the  microscope.  Yet 
amid  these  hosts  of  equally  microscopic  beings,  the  range  in  point  of  size  is 
actoaDy  as  great  as  that  between  the  dog  and  tJ^e  elephant  among  ftTiiTnala  cog- 
nizant to  our  ordinary  observation.  Even  among  members  of  the  same  genus,^ 
and,  indeed,  of  the  same  species,  their  dimensions  may  vary  within  limits 
extremely  wide.  To  quote  a  few  examples :  Spirostomma  amhiguum  (Ehr.) 
has  a  length  of  -rl^th  of  an  inch ;  the  branching  polyparies  in  Episiylis  and 
Operctdaria  rcacn  -^th  in  height,  those  of  Zoothamnium  -J-th,  whilst  many 
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stalked  VorticeUce  extend  themselves  to  -^th  in  length.  Parameeia  are  men- 
tioned b J  £hienberg  from  ^th  to  p[V(r^^  ^  length ;  and  specimenB  of  the  same 
species  of  Vortieella,  yiz.  F.  microstoma,  are  described  to  vary  in  sire  between 
j^i^th  and  ^th.  Btein  has  also  noticed  examples  of  CkUocUm  CftetdhtUa 
from  y}  j^ih  to  y^Vir^-  ^  ™^  sorpriBing  magnitude  is  attained  by  the  polypoid 
masses  of  Ophrydiwn  versatiUy  which  range  between  mere  microscopic  gldlniks 
and  aggregated  masses  the  size  of  the  fii^  or  even  of  the  head  of  a  man. 

FieuBE. — ^In  figure  the  Ciliata  exhibit  an  immense  variety,  but  have  a 
rounded  outline  in  all  instances.  The  prevailing  figure  is  oval  or  oblong ;  bat 
some  taper  much  at  one  or  both  ends,  and  acquire  a  spindle-,  or  a  flask-,  or  a 
club-shaped  aspect,  whilst  otiiei8,  as  the  VorticelUna  (XXYII.  1,  2,  4, 16 ; 
XXX.  1,  9,  11),  present  a  beU-ahaped  or  campanulate  outline,  and  othen 
again,  as  Spirostomum  (XXIV.  298),  an  el(Higate  ribbon-  or  band-like  <me. 
However,  Uie  best  idea  of  the  manifold  forms  can  be  gathered  by  inspeeting 
the  subjcuned  plates  of  the  C&liated  Protozoa,  which  r^der  verbal  desmption 
unnecessary. 

The  figure  ia  determinate  and  constant  under  like  phases  of  existence  for 
each  species,  although  liable  in  the  majority  to  veiy  great  changes  by  the 
contraction  and  movements  of  the  animalcules,  by  their  contact  with  more 
solid  bodies,  and  by  the  introduction  of  food.  These  changes  are  proportioaiate 
to  the  elasticity  of  the  integument  and  to  the  contractile  power  of  the  contents ; 
and  hence,  in  several  with  firm  integument,  they  are  very  limited,  or  mi 
possible. 

The  figure  is  also  much  modified  by  the  processes  of  multiplication  and  of 
reproduction.  The  act  of  fission  materially  modifies  it ;  gemmation  does  so 
toaless  extent;  but  the  most  r^narkable  change  is  caused  bythe  encysting- 
process,  which  is  generally  a  prelude  to  the  peculiar  set  of  phenomena  attend- 
ing ihe  reproduction  by  germs  or  embryos,  and,  according  to  Stein's  views, 
would  seem  to  terminate  in  actual  metamorphosis  or  transformation  ot  the 
beings  concerned.  Indeed  the  Ciliata  in  general  appear  to  pass  liiroug^  s 
cyde  of  changes,  each  of  these  entailing  a  distinct  figure ;  in  otlier  wnds, 
in  the  history  of  each  ciliated  Infusorium,  there  are  several  phases  of  ex- 
istence, differing  £rom  one  another  in  form  and  other  particulars.  The  histoiy 
of  an  animalcule,  therefore,  is  comprehended  in  that  of  no  one  form  or  phase, 
but  in  that  of  every  one  it  normally  assumes ;  nevertheless  it  is  neceesaiy  to 
fix  upon  one  phase,  either  as  the  most  important  or  the  most  perfect,  and  to 
characterize  and  name  it,  just  as  is  done  in  the  case  of  insects^  whidi  are 
described  in  their  most  developed  or  **  imago  "  condition. 

Another  point  to  be  remembered  is,  that  the  figure  of  a  specimen  appears 
difierent  in  most  cases,  according  to  the  afi^>ect  in  which  it  is  viewed;  and, 
again,  there  is  often  much  diversity  in  ^ape  between  yoimg  beings  and  those 
arrived  at  maturity.  Perty  has  applied  the  term  *  mitahoUa '  to  express  tiie 
changes  of  figure  animalcules  may  assume.  The  figure  is  extren^y  varied 
in  Laerymaria  by  its  movements,  and  chiefly  by  the  lengthening  or  shorten- 
ing of  its  elongated  anterior  portion  or  neck.  This  variability  of  form  strode 
Baker  and  other  old  observers  so  forcibly,  that  they  applied  the  term  Brokm 
to  designate  the  animalcule  (XXIV.  274,  276).  Trachdocerea  (XXIV.  817- 
319)  and  PhiaUna  have  a  similar  power  of  varying  their  outline ;  and  all  three 
genera  are  further  remarkable  by  the  manner  in  which  their  suifoce  can  be 
thrown  into  transverse  or  even  intersecting  folds  or  plaits. 

The  influence  of  food  when  swallowed  in  modifyingtbe  figure,  Ehrenbeig 
particularly  iUustrated  in  his  Encheh/s  Farcimen  (XXVm.  group  64).  THas 
animalcule  devours  others  nearly  as  large  as  itself,  and,  to  ^ect  this,  widely 
dilates  its  mouth,  and  so  becomes  shorter  and  broader ;  and  as  during  the 
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opentioQ  it  oontiinies  to  swim  aboat,  its  appearance  with  the  half-swallowed 
bsog  is  very  cniioms.  Again,  when  engulfed  the  anterior  portion  contracts, 
iriulst  the  pofltoEior  becomes  dilated,  giving  the  Enchdys  a  flask-shaped  outline. 

In  desQiiptiona  of  the  Ciliata,  authors  have  used  varions  terms,  applied  to 
the  segments  or  membero  of  hi^er  animals,  to  designate  varieties  in  iiie  form 
sad  in  the  mutual  relation  and  position  of  their  parts.  The  application  of 
many  of  these  terms  to  the  Protozoa  is  indeed  very  arbitrary  and  fimciM ; 
snd  it  is  only  from  the  absence  of  better  that  we  continue  to  employ  them. 
The  end  of  the  body  which  advances  foremost  in  swimming,  and  at  which  or 
near  to  whieh  the  mouth  is  ordinarily  placed,  is  called  the  h^,  and  often  has 
an  addLtioiial  daam  to  the  appellation  by  its  construction  as  a  segment  distin- 
goiflhed  by  soma  points  of  structiire  from  the  rest  of  the  body.  The  opposite 
poitioa  of  the  animal  constitutes,  when  tapering  or  provided  with  some  sort 
of  proceas,  the  tail,  but  is  m(»e  generally  spoken  of,  especially  when  not 
distiwgniahaMe  as  a  segment,  as  the  posterior  or  caudal  extremity. 

A '  dorttim '  or  back,  and  a  '  venter '  or  abdominal  surfiace,  are  usually  de- 
scribed, but  are  not  readily  determinable  in  all  genera,  as,  for  instance,  in  the 
V^irtUMma  and  Ophrydina.  To  distinguish  the  one  sui^ace  from  the  other, 
regard  must  be  had  to  the  position  of  l£e  mouth  (which  indicates  the  abdo- 
■mud  sur&ee),  to  that  of  the  locomotive  cilia  and  other  processes,  and  to  the 
mode  of  progression.  But,  after  all,  the  distinction  will  oftentimes  be  arbi- 
tiary,  and  \n  consequence  the  description  of  a  right  and  a  left  side  frequently 
80  too.  It  is  a  general  character  of  the  Oiliata,  that  they  are  asymmetrical, 
t.  e.  not  formed  of  two  equal  and  similar  halves.  An  exception  to  this  rule 
exists  in  Col^s  (XXIY.  284)  and  in  the  Ichthydina  (XXXI.  2d-^),  which 
in  Ehrenberg's  afyrtem  were  included  with  the  Eatataria,  Where,  although 
symmetiy  is  not  visible,  a  right  and  a  left  side  are  distinguishable,  such  Infu- 
soria are  called  *  bilateral,' — e,  g,  the  Osffytriehina  (XXVJJUL.  10),  ParaiMciwtn 
(XXIX.  25-^),  ChUodm  (XXIX.  48). 

Of  mmn^r  modifications  in  the  figure  of  Protozoa,  a  large  number  have 
found  names  which  will  be  best  understood  in  the  speoal  structural  details  of 
particular  animalcules.  However,  to  mention  some  here  used  by  £hrenbei^, 
we  may  dte  the  frontal  region  or  forehead — ^the  obtuse  or  truncate  part  of 
the  head  above  the  mouth ;  the  lips — ^projections  above  and  below  the  mouth, 
when  this  iq^erture  is  situated  in  a  fissure ;  the  tongue  or  palate,  usually  a 
^oeess  in  the  oral  fissure ;  the  rotary  or  ciliary  disk,  seen  as  a  ciliated  pro- 
jectile prooess  above  the  margin  of  the  anterior  extremity  of  the  VorttceUina 
(XXX.  1,  2,  9, 11, 14).  In  several  genera  the  anterior  portion  of  the  body 
is  mneh  prodnoed,  and  looks  like  a  long  tubular  neck  or  a  trunk,  and  hence 
ii  called  frequently  by  Ehrenbeig  proboscis, — e,  g.  in  tiie  genera  Laorymaria 
(XXIV.  274,  275),  TraeheUus  (XXIV.  287-289),  AmphiU^tua,  and  Traehe- 
heerca  (XXIV.  317-320).  This  term  proboscis  we  have  already  seen  used 
to  designate  the  long  locomotive  filaments  or  flabella  of  Phytozoa,  totally 
diffennt  processes  from  those  called  by  the  same  name  in  the  CiHata  just 
eaumented.  Its  use  for  one  or  the  other  should  be  set  aside ;  and  although 
at  the  best  it  conveys  a  very  erroneous  impression — ^for  no  such  thing  as  a 
proboscis  or  trunk,  in  the  proper  meaning  of  the  word,  has  an  existence  in 
any  of  the  Protosoa — its  application  to  these  is  less  objectionable  than  to  the 
Fhytotoa.  In  UroUptus  (XXV.  333)  the  posterior  extremity  is  abruptly 
ekmgated,  and  forms,  according  to  the  descr^tion  of  the  same  distinguished 
natualisty  a  taiL 

ComsiBVCB. — ^The  Ciliata  are  composed  principally  of  a  very  soft,  almost 
mudlaginoiw  matter,  which  has  been  well  named  '  Mreode,  since,  like  the 
flesh  or  muscular  tissue  of  higher  animals,  it  seems  to  present  an  inherent 
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oontractility  and  elasticity,  and  is  the  active  agent  in  the  movemoits  of  their 
bodies.  It  is  hyaline,  transparent,  and  colourless ;  but  its  refractive  power 
is  not  much  greater  than  water,  which  is  essential  to  the  exhibition  and 
continuance  of  its  properties,  for  when  this  fsdls  the  homogeneous  mass  of 
sarcode  breaks  up  into  minute  globular  portions,  which  disperse  themselveB 
on  every  side.  This  disruptive  process  has  received  the  appropriate  name, 
from  Dujardin,  of  *  diffluence,* 

Ecker  states  this  self-same  sarcode  to  be  the  common  contractile  element 
of  all  the  lowest  forms  of  animal  life — ^for  instance,  of  the  Polypes.  The  par- 
tides  set  free  by '  diffiuence,*  he  also  represents  to  be  contractile,  and  to 
assume  Amceba-WLe  movements ;  but  this,  according  to  Cohn  and  Stein,  is 
an  error,  inasmuch  as  they  are  simply  elastic.  Cohn  also  adds  that  the 
variable  movements  of  the  sarcode-particles  of  Hydra  are  merely  a  physical 
phenomenon  due  to  endosmosis.  The  process  of  diffluence,  whether  frt>m 
external  injurious  conditions  or  damage,  or  from  noxious  matters  received 
within,  varies  so  much  in  rapidity,  that  Cohn  (2Seit8chr,  1851,  iii.  p.  267)  con- 
cludes that  it  must  indicate  some  variations  in  its  composition  and  struGture 
in  different  animalcules.  For  instance,  he  says,  Stentar  cofrtdeus  bursts ;  and 
its  contents  break  down  by  diffluence  as  raiH^y  as  sugar  in  water,  streaming 
out  from  the  rest  until  the  fimnel-like  pharynx  only  is  left  behind.  On  the 
contrary,  in  other  animalcules,  e,  g,  Paramecium  AureUa,  the  sarcode  exudes 
through  t^e  sur&ce  at  all  points,  and  swims  away,  leaving  a  vacuolated  <Hr 
areolated  interior.  Again,  Loxodes  breaks  up  into  fragments  of  a  consid^rablB 
size,  which  escape  through  lacerations  of  the  surfetce. 

IirTEGUMSirr.  MABEn^os  ok  the  SimFACB.  Condensed  Intxgiticent  or 
Lo&icA.  Appendaobs  of  iNTBoxncsNT.  Cilia.  Spines.  External  Sheaths. 
— Ehrenberg  described  his  Polygasirica  as  in  all  cases  defended,  and  their 
figure  defined,  by  an  int^ument  or  skin, — a  statement  as  generally  contra- 
dicted by  Dujar^,  though  now  confirmed  (in  the  case  of  all  t^e  true  Ciliated 
Protozoa)  by  the  researches  of  numerous  later  naturalists.  The  means  resorted 
to  for  its  demonstration,  where  not  otherwise  evident,  consLst  in  the  application 
of  chemical  agents — ^for  example,  of  acetic  add,  of  tincture  of  iodine,  and  d 
diluted  alcohol,  all  which  operate  in  a  different  maimer  upon  the  integument 
and  on  the  contents  of  the  body,  most  frequently  causing  a  separaticm  of  the 
two  by  corrugating  tiie  latter,  and,  it  may  be,  colouring  it  at  the  same  time. 

Perty  could  not  convince  himself  of  the  existence  of  an  epidermis,  although 
he  believed  the  external  surface  to  be  modified  so  far  as  to  render  it  more 
resistant,  or  in  &ct  to  form  what  Mr.  Carter  callsa  pellicle;  at  the  same  time 
he  attributed  marks  or  lines  visible  on  the  surfiouie  to  fat-  or  other  oorpnscleB 
subjacent  to  it.  <*  The  pellicula,"  Mr.  Carter  says,  "  is  a  structureless  pro- 
duct, which  hardens  after  secretion ;  and  the  inference  is  that  there  is  a  layer 
below  specially  organized  for  its  formation,'*  and  that  it  is  not  secreted  by 
the  lamina  known  as  the  ''  cortical  layer  "  or  the  ''  diaphane." 

On  the  other  hand  Mcyen,  Siebold,  Eolliker,  Frey,  and  Leuckart  concur 
in  describing  a  distinct  envelopiog  delicate  membrane,  which  Frey  thought 
evidenced  both  by  the  manner  in  which  an  animalcule  ruptures  under  pressure 
and  gives  vent  to  the  soft  contents,  and  by  the  appearance  of  little  shreds  he 
noticed  on  the  torn  edges  of  a  SterUor.  A  more  direct  demonstration  was 
afiSorded  by  Cohn,  who  resorted  to  chemical  reagents  for  the  purpose. 

This  excellent  observer  experimented  with  several  of  the  larger  Ciliata,  but  for 
illustration  referred  chiefiy  to  Loa:odes  (Paramecium)  Bursaria.  Stein  argues 
that  the  animalcule  so  described  by  Cohn  was  not  a  Loxodes,  but  a  Paramecium, 
since  all  its  cilia  were  of  equal  length,  a  feature  peculiar  to  this  genus  (Stein, 
op.  cit,  p.  239).     On  adding  a  little  alcohol  to  a  drop  of  water  containing 
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speeiiiieiis  of  this  ammalcnle,  death  ensued ;  but  before  this  happened,  a  deli- 
cate membrane  was  aeea  to  elevate  itself  at  parts  of  tho  snr&ce,  producing  a 
Tesioalar  appearance,  and  accompanied  by  a  shrinking  of  the  contained  matters ; 
while  these  changes  proceeded,  several  contiguous  vesicles  would  run  into  one, 
and  thus  strip  more  or  less  completely  the  subjacent  tissue,  until,  by  the  pro- 
longed action  of  the  alcohol,  a  central  shronken  mass  appeared,  surrounded  by 
a  loose  membrane,  adherent  to  it  only  at  the  spot  where  the  mouth  was  con- 
tiiNied  inwards  as  a  pharynx.  This  membrane,  so  demonstrated,  is  homoge- 
neoQB  and  transparent,  but  not  entirely  structureless ;  for  close  observation 
leveols,  over  its  entire  sur&ce,  two  series  of  spirally-disposed,  delicate,  and 
eknely-approziniated  lines,  which  so  intersect  one  another  as  to  produce  a 
miiiiatoie  diamoiid  pattern  (XXIX.  26).  Further,  the  notched  or  serrated 
appearance  <^  the  periphery  (XXIX.  28,  29,  30)  shows  that  these  lines  are 
aetaally  folds  or  fnirows,  and  that  each  little  diamond  may  be  represented  as 
a  minute  four-sided  pyramid  bearing  a  cilium  at  its  summit. 

By  pursuing  a  similar  plan  of  investigation,  a  separable  integument  has 
been  deoHmstrated  in  many  CiHata.  For  instance.  Stein  described  such  a 
covering  in  the  several  genera  he  subjected  to  observation,  and  proves  its  ez- 
iiteoee  also  after  the  process  of  encysting  has  taken  place.  On  adding  dilute 
aoetie  add  to  the  VoriieeUina — £[>r  example,  to  specimens  of  EpistyUs  or  Oper- 
adtnria — ^the  cantaits  shrink  into  a  denser  mass,  and  in  so  doing  detach  them- 
aelves  book  the  integnm^it,  which  is  then  rendered  evident  as  a  transparent, 
atmctnreleas,  homogeneous,  and  smooth  membrane,  having  a  dear,  Bharp  out- 
line. Wh^i  tincture  of  iodine  is  applied,  the  integument  remains  uncoloured, 
whilst  the  oonteoits  acquire  a  goldeoi-yellow  tint.  A  solution  of  sugar,  and 
afterwards  a  drop  of  concentrated  sulphuric  add,  being  used,  causes  tiio  con- 
tents to  swell  up  and  to  assume  a  rose-red  colour,  the  external  wall  continuing 
nncokmred. 

Beq^ecting  the  chemical  constitution  of  the  membrane  of  Loccodesy  Cohn 
uiionns  us  it  is  soluble  neither  in  sulphuric  acid  nor  in  potassa,  whilst  the  con- 
tents are  diasolved  and  dispersed  by  the  latter.  From  this  reaction  he  con- 
chides  that  Uie  cntide  is  not  a  proteine  compound,  like  animal  membrane  in 
geineral,  but  the  substance  called  ekUiney  and  therefore  in  tins  respect  similar 
to  the  entiele  of  plants.  In  Parameofwny  he  adds,  an  integument  having  the 
aame  sort  of  maikings  and  a  similar  chemical  reaction  exists,  and  that,  with- 
out doubt,  all  the  spedes  described  by  Dujardin  as  having  a  reticulated 
envelope,  in  bis  fEunilies '  Bursariens '  and '  Paramedens,'  have  a  like  structure. 
Moreover,  this  skin  has  its  special  characters  in  different  genera,  as  is  Olus- 
tnted  in  the  above  account  of  Paramedwn  Bursaria,  and  may  be  exemplified 
in  other  cases.  Thus  in  Ooleps  and  Stentor  polymarphus,  the  outide  is  so 
ifiteneeted  by  lines  as  to  leave  intermediate  four-sided  prisms,  each  of  which 
bean  a  dHum  at  its  apex,  whilst  at  the  intersection  of  the  Hues,  sin^e  long 
hairs  are  also  se«i,  similar,  says  Lachmann  (A.  N.  H.  1857,  xix.  p.  125,  in  foot- 
note), to  the  hairs  of  many  Tu/rheUaria,  Again,  Ophrydium  versatile  has  its 
integumoit  thrown  into  fine,  dosely-aggr^^ted,  annular  folds,  and  into  three 
longitudinal  rugas  cm  one  side  (XXX.  5),  which  disappear  when  the  animal 
ahortens  itself  by  contraction  (XXX.  6).  Spirochona  (XXX.  17),  says  Btein 
(p.  208),  has  a  hyaline,  firm,  inflexible  parchment-like  skin,  with  a  distinct 
dooUe  outline,  but  without  any  inherent  contractility.  It  is  most  like  the 
integoment  of  Euphtety  but  differs  iq^parently  ui  not  being  capable  of  falling 
into  Colds  around  the  body.  It  resists  the  action  of  acetic  add,  which  dis- 
solves oat  the  whole  of  the  living  contents,  and  leaves  it  in  an  isolated  state. 

Whilst  representing  all  animalcules  to  be  covered  with  an  integument, 
Ehienbeig  distinguished  those  enclosed  by  a  firm,  more  or  less  unyielding, 
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envelope  or  sheath,  as  '  loricated/  in  opposition  to  the  rest,  which  he  called 
*  illoiicated.'  These  teims  he  has,  howeyer,  emploTed  in  so  loose  a  mamiier, 
that  thej  really  possess  no  definite  and  constant  meaning,  for  ezampley  the 
sheaths  of  encased  animalcales  represented  b  j  the  Ophrydina  are  deognated 
loiicsB,  the  endoeed  animal,  although  possessing  a  distinct  integom^it,  being 
considered  naked, — ^while,  again,  l^e  indurated  dosely-fitting  integumeiit  of 
Eujplotes  and  Oolim$  is  equally  styled  a  lorica,  although  so  different  in  dia- 
racter  and  rdations.  The  term  lorica  could  (mly,  indeed,  be  legitimately 
employed  either  to  designate  the  sheaths  of  such  animalcnlea  as  tihie  Ophry- 
dina,  or  the  indurated  integument  of  othaxs,  as  Ooleps^ — to  one  or  the  other, 
but  not  to  both ;  to  the  former  it  is  unnecessary,  to  ^e  latter  it  is  admisaiblis. 

The  integument  of  the  Ciliata  has  generally  been  regarded  to  be  in  itself 
contractile ;  but  it  seems  that  this  is  an  error,  and  that,  in  feust,  it  is  simply 
elastic.  Ais  such,  its  action  must  be  counter  to  that  cl£  the  subjaofflit  con- 
tractile layer,  and  be  therefore  the  chief  agent  in  restoring  the  figure  when 
the  contractile  force  is  relaxed ;  at  the  same  time  its  elasticity  wUl  allow  of 
considerable  alterations  in  form,  fix»n  contact  and  pressure  of  external  more 
rigid  objects.  To  this  an  exception  occurs  in  the  case  of  those  Gihated  Pro- 
toBoa  in  which  the  integument  is  mudi  hardened,  and  forms  a  lorica  or  shield. 
This  induration  may  be  more  or  less  extensive,  so  as  either  to  cover  the  dorsum 
with  a  shield-like  plate  (scutellum),  as  in  ChlamidodoH,  or  tO'  entirely  sur- 
round the  animalcule,  as  in  ColepSy  when  it  constitutes  an  *^  uroeolus,"  qpen 
at  the  ends. 

The  external  envelope,  when  thus  hardened,  has  developed  from,  it  various 
processes,  of  a  more  or  less  rigid  character,  Tdiich  \w^  like  spines  (sets) 
(XXIV.  284,  285),  or  hooks  (undni)  (XXV.  344, 347),  or  are  elongated  as 
styles  (XXXVni.  10 ;  XXV.  350, 351),  aU  which  are  oftentames  made  sub- 
servient to  the  act  of  locomotion,  and  less  frequently  to  that  of  prehension  also. 
It  must,  however,  be  admitted  that  such  processes  are  not  confined  to  genera 
in  which  the  int^^ument  is  very  appreciably  indurated,  but  occur  ^ere  it  is 
of  softer  consistency — for  instance,  in  Stylonuchia  (XXV.  343,  344). 

The  integument  is  combustible  and  also  diffluent,  even  when  indurated,  just 
as  are  the  softer  contents,  although  more  slowly. 

ExxsBHAL  Shbaihs  OX  Gasbs. — ^Bcforc  quitting  the  account  of  the  common 
integument  or  cuticle  immediately  investing  the  body  of  the  Ciliated  Protosoa, 
a  description  of  an  homologous  membrane,  in  &ct,  of  a  prolongation,  dedu- 
plication,  or  process  of  it,  in  the  form  of  an  external  sheath  or  case  about 
certain  fixed  species,  becomes  necessary. 

The  species  so  encased  are  either  sessile  or  have  only  a  short  stalk  attadi- 
ing  them  to  the  bottom  of  the  case ;  thus  Vaginioola  (XXVU.  10,  11)  is 
staUdess  or  nearly  so,  whilst  TJinUwnua  has  a  more  appreciable  pedicle :  on 
the  other  hand  the  case  itself  may  be  stalked,  as  in  Ot>«^rma  (XXX.  12-16); 
where  this  happens,  the  stem  does  not  equal  the  length  of  the  sheath,  but  is 
short,  solid,  and  thick,  expanding  upwaids  to  its  attachment  with  tiie  base 
of  the  latter,  and  frequently  thrown  into  transverse  folds  and  curved  (XXX. 
12, 16).  It  is  homologous  with  the  rigid  stem  of  EpittyUs,  which  it  resem- 
bles also  in  chemical  characters. 

A  very  remarkable  exception  to  the  general  rule  of  the  attachment  of 
tunicated  Vor^llina  to  the  bottom  of  their  case,  occurs  in  the  new  genus 
Lagencphrys,  in  which  the  animalcule  is  suspended  from  the  narrow  aperture 
of  the  sheath,  so  as  to  leave  a  more  or  less  considerable  space  around  it 
(XXX.  29-34).  The  margin  of  the  head  of  the  animal,  i.  e.  the  peristom,  is 
beneath  the  opening  of  the  sheath,  which  has  the  further  peculiarity  of  being 
very  narrow  and  two-lipped  (XXX.  29,  32, 34).     In  one  specice  {L.  nasm)  a 
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cfjriindrieal  aboft  tube,  with  a  senate  edge  and  knghodmally  atrnted,  k  re- 
presented by  Btein  to  project  from  the  opening  of  tho  aheath.  It  is,  he  adds, 
separable  above  into  two  l^s,  whidi  dose  when  the  animal  retracts  itself. 

It  is  not  yery  unusual  to  meet  with  sheaths  oocapied  by  two  animaleiilea» 
— «  drciimstance  doe  to  the  act  of  self-divisian  (XXYII.  10 ;  XXYIIL  19). 
In  a  lew  instances  also,  one,  two,  or  more  small  jonng  indiTidnals  Im  free 
within  itMb  shea^i  of  the  parent,  #.  ^.  Lagenophrys  (XXX  29,  84).  Hie 
sheath  is  always  a  product  seoeted  from  the  anxmidoiile,  and  first  makes  its 
appearance  aroimd  its  base  as  a  soft,  homograieoiis,  coknirlesSyjdly-Hke  matter. 
Daring  the  process  of  its  fbrmatiott,  the  animal  preserves  a  contracted  state, 
whudi  diniTnisbew,  howerer,  as  the  excreted  layer  adYances,  and  ceases  <m  its 
eempletion ;  and  since  each  genus  has  a  diaract<aistic  oathne,  as  wdl  in  the 
eoBtoftoted  as  in  the  expanded  condition,  the  shea&  acquires  also  its  ^maal 
character  only.  More  or  less  of  the  posterior  extremity  is  ooneezned  in  ex- 
ereting  the  fnmatiYe  matter;  but  this  having  adhered  to  the  anterior  part 
whilst  in  a  contracted  state,  becomes  drawn  lorward  by  the  {oogiessiye 
ekngalion  at  ihe  entire  body,  mitil  at  length,  on  fall  expaiurion  taking 
{daee,  the  connexion  is  broken  and  tibe  sheath  acquires  a  free  edge.  So  soon 
as  excreted,  ihe  gdatinons  layer  proceeds  to  sdidify,  and  simnltsneoosly  to 
nmtiBct  itself  in  thickness,  so  as  to  form  a  membrane,  which,  on  its  snbae- 
qnent  detachment  from  the  fore  part  of  the  animal,  forms  a  Inosnlj  iiiTiisling 
case  aroond  it.  .  This  description  of  the  constmetion  of  the  sheath  applies  to 
all  thoee  genera  where  the  animal  is  fixed  at  the  bottom ;  but  in  the  instance 
of  Lagenopkry$f  where  it  is  suspended  from  the  constncted  ofifioe  of  the  case 
by  its  penstom,  some  other  |dui  of  formation  must  be  presomed,  concerning 
which,  however,  we  have  as  yet,  nnfortnnately,  no  direct  observation  to  teach 
US.  la  several  species,  as  Coihvrma  imberbii,  the  sheath  not  merely  acquires 
a  pareiiment-like  fiminess,  bat  also  a  dedded  ooLout — mosdy  yeUow  at  first, 
afterwards  a  Tostj  red. 

Dr.  Strethill  Wright,  of  Edinbargh,  has  kindly  sent  as  some  notes  on  the 
iniim»i»  straetore  of  the  sheath  of  Lagotia ;  and  doubtless  they  hold  good  to 
a  greater  or  leas  extent,  so  far  as  they  represent  general  frujts,  in  Hhe  case  ci 
sheaths  of  other  Ophrydina.  He  writes — '*  The  tube  consists  of  yellowish 
dutine,  lined  with  a  layer  of  daric-green  sarcode  of  Tarying  thickness  (whidi, 
I  belieTe,  secretes  the  ddtine),  and  corered  externally  by  a  much  thinner 
lay^  of  matter,  which  appears  to  be  equivalent  to  the  <  eolUtoderm '  of  the 
Hydrmdm:'  This  structure  is  illuslarated  by  figs.  12  and  13,  PL  XXXI. 
The  following  account  applies  specially  to  the  she«th  of  LagoUa  (XXXI.  7, 8, 
12, 13),  which  piesentsa  smes  of  rings,  apparently  spiral,  W,  incur  (^[luiion, 
not  so.  "  The  lines,"  says  Dr.  Wri^t, "  are  seen  to  ecmsist  of  the  remains  of 
ibe  trumpet-ehaped  mouth,  which  is  partially  absorbed  as  ihe  tube  increases 
its  length,  but  still  remains  as  a  slig^tly-oyerlapping  ridge  over  the  new  part 
of  the  tube  growing  within  it.  The  groove  thus  formed  is  filled  up  with  the 
<  eoUdodermJ  The  spiral  character  seems  to  be  in  some  way  connected  with 
this  mode  of  growth ;  but  I  have  not  satisfied  myself  in  whtU  way."  In  a 
snbeequent  letter  he  writes — ^'  The  ehitinous  matter  of  each  successive  ring 
is  not  continuous  with  that  of  the  rings  above  and  bdow  it ;  it  is  only  at- 
tached to  it  by  the  inner  lining  of  sareode  and  by  its  out^  covering  (XXXI. 
12,  13).  We  have  by  this  condition  a  provision  for  the  growth  of  the  tube, 
botiii  in  width,  length,  and  thickness,  similar  to  that  which  occurs  in  the 
shdl  of  Ediinus.  Chrowth  in  length  may  be  effected  by  deposition  of  chitine 
on  the  upper  and  lower  edge  of  each  ring,  growth  in  breadth  by  the  gradual 
unrolling  of  the  spiral,  wlule  a  continuous  deposition  of  hard  matter  from 
the  inner  lining  of  sarcode  thickens  and  streng^ens  the  whole  tube." 
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In  speaking  of  the  attachment  of  the  sheath^  we  have  mentioned  <aly  tiiat 
by  the  base,  with  or  without  a  stalk.  Bat  there  are  a  few  fonns  which  afiz 
themselyes  to  foreign  bodies  by  one  side  of  their  sheatii,  e,  g-  Vagimeola 
cUewnbens  (Ehr.)  and  the  genus  Lagenophrys,  In  such  cases  the  attadied 
side  is  flattened,  so  as  to  increase  the  surface  in  contact. 

But,  apart  from  the  mode  of  attachment,  the  sheaths  of  diffor^it  genoa 
vary  in  figure ;  and  as  to  size,  there  is  no  constant  relation  between  that  of  the 
case  and  that  of  ihe  enclosed  being.  The  figure  of  the  sheath,  even  in  o&e 
and  the  same  species,  is  subject  to  modification  from  age  and  tram  surrounding 
circumstances.  Thus,  in  Vagimeola  crystaUina  it  is  usually  cylindrical  and 
truncate  (XXYII.  11),  but  at  times  it  may  be  bellied  posteriorly  (XiLVll.  10), 
or,  other¥nuie,  have  its  anterior  border  expanded  and  curved  outwards,  or  be 
narrowed  in  front,  or  compressed  in  one  direction.  Nevertiielees  l^ere  is 
usually  a  general  resemblance  in  figure  among  indiyiduals  of  the  same  species  or 
genus,  sufficient  to  fiimish  descriptive  characters.  For  example,  CoAwrnia 
imberbis  has  commonly  a  cylindrical  sheath,  bellied  posterioriy  and  slightly 
contracted  anteriorly  (XXX.  15),  whilst  C.  Si^ldii  is  campanulate,  and  has 
its  anterior  half  compressed  in  one  direction,  and  its  angles  in  front  prokmged 
and  tapering  (XXX.  13,  14).  In  the  genus  Lagenophrys,  when  adherent  by 
its  flattened  side,  the  ^eath  appears  ovoid  or  shaped  like  a  bellied  oil-jar,  wi^ 
a  c<Hitracted  truncate  mouth  (XXX.  29,  30).  A  peculiar  form  of  di^ith  is 
presented  to  us  in  the  genus  Lagotia  (XXVIII.  21,  23),  which  may  be  de- 
scribed as  retort-shaped,  the  relative  diameter  and  length  of  the  body  and 
neck  differing  in  different  specimens  or  species.  In  one  species,  at  least,  the 
neck  has  the  further  peculiarity  of  being  thrown  into  spiral  or,  otherwise, 
annular  folds  or  rings  (XXXI.  7,  8),  the  presumed  form  and  origin  of  whidi 
have  just  been  described. 

We  are  ftirther  indebted  to  the  discoverer  of  Lagotia  for  the  recognition  of 
a  remarkable  valvular  structure  within  the  tubular  sheath  of  a  species  of  Va- 

r'wla,  which  he  in  consequence  names  Vag.  valvata  (XXV  111.  18, 19). 
Wright  states  (Edin.  New  PhiL  Joum,  April,  1858) — **  On  examining 
the  valve  in  ntdy  1  found  it  to  consist  of  a  rigid  plate  imbedded  in  a  thidi 
layer  of  transparent  sarcode  (XXYIII.  18  6),  which  latter  was  continuous  at 
the  lower  end  of  the  valve  with  a  thin  layer  of  the  same  substance,  Mning 
the  whole  of  the  interior,  and  coating  the  upper  part  of  the  exterior  of  the 
tube.  The  valve  was  closed  by  a  contractile  process  passing  from  its  under- 
surface  to  the  wall  of  the  tube. ...  I  am  dii^>osed  to  consider  the  whole  op- 
paratus  to  consist  of  an  oval  plate  of  soft  sarcode,  supported  by  an  indu^ 
bar  or  narrow  plate  of  horn  or  chitine. ...  In  some  specimens  the  tube  waa 
mariLcd  virith  dose  transverse  or  circular  strisB.'' 

In  SUntor  MvlUri  (XXYIII.  16,  17),  we  have  the  curious  instance  of  an 
animal  living  indifferently  with  or  without  a  sheath,  and  enjoying  freedom  of 
movement.  Amidst  numerous  specimens  of  this  spedes,  not  a  few  (says  Cohn) 
may  be  seen  swimming  fredy  about,  or,  otherwise,  attached,  endosed  within  a 
roomy  ovate  sheath,  composed  of  a  soft  gelatinous  substance,  and  open  at  one  &A 
(XXYIII.  17).  The  animalcule  is  fixed  by  its  posterior  extremity  (apparoitly 
converted  for  the  time  into  a  suctorial  disk)  to  the  closed  end  of  the  sheath ;  bat 
it  is  still  able  to  evert  its  spiral  ciliary  wreath,  and  to  extend  itself  beyond  the 
open  mouth,  or  to  retract  itself  in  a  contracted  condition  within  its  interiisr. 
Ehrenberg  remarked  the  exudation  of  a  mucous  sheath  around  this  animal- 
cule when  kept  confined  for  some  time  for  observation  within  small  glaaa 
tubes,  but  mistook  it  for  a  sort  of  morbid  act  preparatory  to  death.  Cohn,  on 
the  contrary,  has  shown  (Zeitsehr,  1853,  iv.  p.  263)  that  it  is  in  no  way  con- 
nected with  disease  or  with  approaching  death,  but  happens  with  individuals 
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in  IbU  vital  aetiYity  and  snnoimded  by  fkyourable  external  ocmditionsy  and 
adds  that  gentmatian  frequently  proceeds  in  these  encased  beings,  and  that, 
when  from  evaporation  of  the  snnoonding  fluid  or  other  prejudicial  cause  the 
animalfl  are  threatened  with  injury,  they  quit  their  sheaths  and  swim  away, 
the  previously  suctorial  extremity  resolving  itself  into  a  pencil  of  bristLes. 
The  result  of  these  observations  of  Gohn  is  to  disassociate  this  phenomenon  of 
aheath-fonnation  in  SterUor  from  that  of  the  encysting  process,  to  which 
Efarenberg^B  account  of  it  would  have  led  it  to  be  referred. 

Br.  Strethill  Wri^t  coincides  with  Cohn  in  denying  the  relation  between 
the  presence  of  the  sheath  of  Stentar  MUUeri  and  the  diseased  or  dying  state 
of  ^le  animalcule.  Indeed  he  speaks  of  the  presence  of  a  gelatinous  case 
as  the  rule,  and  adds  that  <<  as  tiie  sooids  (animalcules)  divic^  they  form  a 
gdatmooB  mass,  whidi  is  attached  to  weeds  and  often  to  the  surfiEU)e  of  the 
water,  from  which  I  have  seen  some  10  or  15  combined  Stentors  ln^nging 
with  their  heads  downwards." 

CoJA  AVD  CnJABT  AoTiov. — ^Tho  most  common,  and  at  the  same  time  the 
ohaiacteristie  external  appendages  of  the  Ciliated  I^tozoaare  the  dlia,  which 
eonstitiite  thieax  most  active  and  powerfdl  locomotive  organs.  Cilia  are, 
■Mseover,  not  wanting  internally,  but  are  there  comparatively  few,  sinoe 
tfaey  are  aj^pendages  only  of  free  surfruses.  They  are  met  with  lining  the 
OBSophagus,  where  they,  no  doubt,  serve  to  facilitate  the  ingestion  of  food  and 
of  the  water  taken  in  for  the  purposes  of  aeration. 

llie  nature  and  cause  of  ciliary  movement  have  been  much  debated.  To 
aeooont  for  the  energetic  and  peculiar  movements  of  dlia,  Ehrenberg  imagined 
the  eadstenoe  of  a  muscular  iqyparatus  at  their  globular  roots,  consisting  of  four 
mnedlfis,  each  pulling  in  an  opposite  direction,  but,  by  acting  in  succession, 
capgnig  the  ajq^arent  rotation  of  the  axis  around  the  fixed  iMise.  This  bold 
idea  has  met  with  no  fSavour  among  physiologists,  who  condemn  it  as  purely 
imagmarr  and  as  opposed  to  the  simplicity  of  nature,  to  aU  anal<^,  and  to 
all  &0  admitted  facts  and  principles  of  histology.  Most  inquirers  despair  of 
attaining  a  satiB&ctory  explanation,  of  ciliary  action,  and  treat  it  as  an  ulti- 
I  fri^  However,  Cohn,  looking  to  the  peculiar  structure  of  the  integu- 
of  I\gramecitmi  (Loxodes)  Bwnaria  (XXIX.  26),  fancied  that  cilmry 
n  admitted  of  explanation,  since,  on  the  supposition  of  an  inherent 
eontnietility  in  that  membrane,  each  Httle  pyramid  might  be  imagined  to 
eootract  its  sides  in  turn,  and  make  the  cilium  snrroun^ig  it  revolve  in  the 
figure  of  an  inverted  cone.  But  granting  the  possibOity  of  this  explanation 
in  ihe  case  of  the  animalcule  dted,  it  could  in  no  wise  be  applied  generally 
to  cOiary  motion ;  fcxr  a  similar  structure  ia  found  in  comparatively  few  other 
examples,  and  the  innate  contractility  of  the  supportiog  membrane,  assumed 
in  the  instance  in  question,  has  certainly  no  exigence  in  many  ciliated  sur- 
Csoes,  and  involves  nearly  an  equal  s^tdi  of  imagination  to  ccmceive  as 
Ehrenberg's  musdes. 

Betorning  from  this  digression  on  the  nature  and  cause  of  ciliary  action, 
let  us  briefly  review  the  mode  of  distribution  of  dlia  in  the  Frotoaoa.  In 
many  genera  they  are  distributed  universally  over  the  surface  (XXIX.  20, 
28»  48 ;  XXYin.  1,  8,  31),  not  at  random,  however,  but  in  definite  parallel 
tinesy  more  or  less  approximated,  usually  traversing  the  length  of  the  body. 
A  distribution  in  parallel  lines  is  also  not  unfrequently  observed  across 
or  around  the  body.  Even  where  generally  diffused  over  the  body,  they  are 
commonly  more  developed  at  certain  parts,  as  about  the  mouth,  the  head,  and 
tail,  as  well  as  aa  any  processes  or  in  any  depresdons  of  the  body,  e.  g.  in 
adlod4m  (XXIX.  48),  Bwrwria,  Lewsophrys,  Stentwr,  &c.  Btdn  represents 
it  as  a  goieric  character,  that  in  Paramedwn  (XXIX.  28)  all  the  dlia  are 

Digitized  by  VjOOQ IC 


286  eEVBEAL  lagfsoxi  of  thb  dvfusobia. 

cf  uniform  length.  In  Ooleps  (XXIY.  284),  the  lorica  is  divided  into  a  mnl- 
titade  of  minnte  faoettee  by  interonrrent  lines  or  edkif  and  the  cilia  are  ;daced 
at  the  points  of  their  intersection.  In  Colpeda  OtumUtUuM  (XXIX.  35, 36, 37), 
the  oilia  are  mnch  longer  at  the  anterior  prolonged  eztremitj,  the  Hp,  just 
as  in  Chilodon ;  but  there  is  besides,  in  the  deep  salens  where  the  mon^  is 
found,  a  dense  pencil  of  long  and  strong  oilia  (XXIX.  37),  whidi  Ehrenbeig 
ndstook  for  a  solid  prooess  of  the  body,  and  called  the  **  tongue.''  Fn»n  this 
fjBSciciilus  or  bundle,  a  row  of  long  cilia  is,  moreover,  seen  to  extend  bat^wards 
to  the  posterior  eztremitj  (XXDL  37). 

Other  groups  of  Ciliated  Protozoa  haye  the  cilia  confined,  more  or  less  strictly, 
to  one  part  or  organ  of  the  body, — a  circumstance  exemplified  in  the  Vorti^ 
eeUina  and  Ophrydma  (XXX.  1,  2,  5,  9 ;  XXIX.  1,  3,  4,  5).  This  limita- 
tion, as  contrasted  with  the  general  diffusion  of  cilia,  implies  an  advance  in 
the  scheme  of  orgaainttion,  and  is  attended  by  the  construction  of  a  speoud 
apparatus  about  tiie  head  of  the  animalcules.  Thus,  ia  tiie  familifft  named, 
the  rule  is  that  the  anterior  extremity  ia  bounded  by  an  evident,  mostly  thick- 
ened margin,  eith^  carved  or  straight-^-^he  ^'peristom  ''-^-crowned  witii  vibra^ 
tile  cilia  and  complicated  by  an  internal,  usually  extensile,  ciliated  disk  or 
rotary  organ  (XXX.  1, 2, 9  a,  29  a),  the  whole  aj^mratus  recalling  the  stnie- 
tore  of  the  rotary  organ  of  the  Batatoria.  The  alia  appertaining  to  the  pe- 
listom  and  disk  are  highly  deyebped  and  strong,  althou^  instead  c^  serving 
for  locomotion,  they  only  subserve  the  processes  of  nutritian  and  aeration  or 
respiration,  by  reason  of  the  fixed  condition  of  the  animalcules  possessing  them. 

Another  peculiarity  of  the  cUiary  apparatus  of  the  VorHceUma  and  Opkry^ 
dina  is  that  it  ia  retractile  (XXX.  ^a)^  or  can  be  involuted  and  withdrawn 
into  the  interior  of  the  animal  (XXX.  13),  and  the  peristom  closed  completely, 
and  contracted  sometimes  so  ^  as  to  draw  in  a  part  of  the  wall  around  it, 
and  not  leave  a  sin^e  eHium  visible  externally  (XXX.  11  b,  31, 33).  Wbao. 
thus  retracted,  the  ciliated  oi^an  appears  like  an  internal,  irr^fular-sigmaid, 
contracted  cavity  or  fissure,  with  the  dlia  doeely  packed  together  andsoaroely 
distingniahable  (XXVil.  5a,  b;  XXX".  11  b).  The  retraction  of  the  dliary 
wreatibs,  which  takes  place  very  n^dfy,  ia  caused  by  the  presence  of  sor- 
rounding  objects  in  the  immecQate  vicinity  of  the  animal,  by  their  oontaet 
with  ity  by  any  shocks  it  may  feel,  and  by  the  presence  of  noxious  matters  in 
^be  water.  On  the  removal  of  sudi  and  similar  causes  of  annoyance,  the  ex- 
tension of  the  delicate  apparatus  foUows ;  Ihis  act,  however,  ia  less  rt^iid  than 
Ihat  ei  retraction,  and  may  be  arrested  at  any  point. 

A  more  perinanent  withdrawal  of  the  rotary  apparatus,  in  the  fandfies 
named,  occurs  when  the  process  of  self-diviaion  ia  about  to  proceed  (XXyiI.3 ; 
XXYIII.  18)^  and  also  when  the  animalcule  prepares  to  enter  into  the  en^ 
cysted  condition  (XXVII.  5, 7). 

The  disappearance  of  cilia  is  wxtnened  not  only  in  Vorthdlma  and  Oj^krif' 
dma  when  iiie  process  of  encysting  takes  place,  but  is  a  general  jdienomeDon 
among  ciliated  (Mrganisms  under  the  same  droumstances ;  yet  it  would  appear 
Ihat  in  some  cases,  even  when  an  animalcule  has  surrounded  itsdf  wx&  a 
cyst,  its  dlia  are  not  actually  lost,  but  only  withdrawn  from  view^ — a  fMt 
adverted  to  by  Stein  in  his  account  of  ChUodtm  OueuUuhu,  which  at  times^ 
after  encysting  itsdf  and  developing  one  or  more  living  genus  within  the 
cyst,  has  been  seen  to  renew  its  original  appearance,  to  regain  its  cilia  xxpon 
its  sui&oe,  and,  after  rotating  Ibr  a  while  within  the  sac,  to  burst  at  lengdi 
through  it  and  escape  (XXXX.  55,  58).  Moreover  many  observers  have 
asserted  the  fact  that  an  animalcule  may,  soon  after  encysting  itself  be  set 
free  by  rupturing  the  cyst  by  pressure,  and  then  reassume  its  previous  ciliated 
and  active  condition.     Neverdidess  the  act  of  uicysting,  when  advanced  to 
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a  certain  point,  or  when  the  reprodoctiye  prooeas  oonseqnent  upon  it  difEera 
torn  that  seen  in  ChUodon^  appears  to  involve  the  final  disappearance  hoth 
of  generaUj  diffaaed  cilia  and  of  ^eoiallj  <»ganixed  oiliarj  wreaths. 

The  arrest  of  the  motiimy  and  ^  ultimate  disappearanoe  of  cilia,  are  phe- 
nomena attendant  also  on.  the  death,  or  on  ihB  approaching  difinence,  of  ani- 
malcules— ^when  the  sorronnding  water  dries  up,  or  when  their  vitality  is 
injured  hy  chemical  agents  or  hy  physical  forces,  sueh  as  electridty  and  li^t. 
Stein,  however,  states  that,  although  the  animalcule,  e,g.&  ParanMoimn,  is 
kiDed  by  the  addition  of  very  dilute  acetic  acid,  yet  its  cilia  continue  visible 
tad  of  their  normal  length.  Cohn  bdieved  the  dlia  to  be  very  much  longer 
than  £hrenberg  represented ;  but,  as  Bteiu  affirms,  this  notion  originated  firom 
an  umiaturBl  appearance  consequent  on  the  dying  state  of  the  animalcule,  from 
efapotatifon  of  tiie  surrounding  water ;  and  be  adds  that  a  similar  elongation 
of  QiHa  appears  immediately  ai  the  point  where  strong  acetic  add  comes  into 
omtaet  with  the  sur&ce.  But  this  emanation  has  since  been  set  aside  by 
Prof.  Allman's  discovery  of  the  existence  of  tridiocysts,  or  thread-oeUs, 
within  the  subtegnmentuy  layer  of  the  bocfy  (XXXI.  1-4),  to  which  he  at- 
tributes the  pheoKxmena  observed  and  discussed  by  (khn  and  Stein. 

An  instance  of  a  temporary  formatbn  of  ciHa  is  seen  in  the  Variiedlma 
and  Ophtydima  when  the  offering,  formed  by  fission  or  by  genmiation,  is  pre- 
pared to  detaeh  itself  from  the  parent  being.  Under  su(4  circumstances,  and 
prior  to  the  dffvdLopment  of  the  interior  retractile  ciliary  organ,  a  wreath  of 
dlia  makes  its  appearance  (XXVU.  4, 11)  near  the  posterior  eodzemity — but 
uiudi,  indeed,  for  the  time,  advances  first  in  swimming,  and  continues  to  do 
80  until  the  animalcule  has  attached  itself  and  proceeds  to  unfbld  the  ciliated 
apparatus  at  its  head. 

In  the  above  account,  reflarence  has  been  chi^y  made  to  vibratile  dlia,  but, 
at  before  noticed,  there  are  tegumentary  processes  of  larger  size,  coarser  and 
atiftr,  and  withal  not  vibratile,  althou^  moveable^  Sudi  serve  frequently 
at  apodal  oigans  of  locomotion,  or  of  j^ehcnsion,  or  of  both,  and  may  also  be 
oeeaaaonaDy  considered  we^^ns  of  offence  and  defence.  According  to  their 
fim  they  are  named  aetar,  or  bristles ;  vneim,  or  hooks ;  cirri,  styles  and 
filaments. 

Some  of  these  terms  are  both  kosely  defined  and  used«  Thus  the  bristles 
80  called  of  one  author,  are  spoken  of  by  another  as  drri,  «r  styles  or  fila- 
BHBtB^ — the  stnictures  thus  variously  called  being  kmg  brisdes,  mostly  taper- 
ing, and  dther  straight  or  but  dightly  curved.  The  tenn  '*  ekri ''  (in  English, 
tmdriU)  should  be  disused,  both  as  bong  unnecessary  and  also  as  conveying  an 
enooeous  conception ;  fbr  no  organs  like  tendrils  exiBt  among  Frotoioflu  Un- 
dai  (ho(to)  are  very  thick  at  the  base,  strong,  curved,  and  comparatively  short 
proeeaaes  (XXIX.  15, 17) ;  styieB  are  stout  sedfoim  bristles,  artieulated  at 
tiidrhase  to  the  cuticle,  and  of  consideraMe  length  (XXYIH*  10;  XXY. 
860, 861).  These  last-named  processes^  Ladunann  tells  us,  are  sometimes 
ipttt  ^  at  the  apex  into  two,  cur  even  as  many  eight,  parts,  as  happens  in 
▼arioQs  Etq^Uiiei  (for  instance,  E.  PaUUa,  in  which  species,  moreover,  one 
a^  bean  a  number  of  small  lateral  setiform  branches).  The  divided  styles 
oeeur  at  the  posterior  extremity,  and  are  trailed  along  in  the  movements  of 
the  animals,  and  only  oecadonally  employed  in  pushing  them  forwards,  whilst 
the  uneini  in  advance  serve  for  actual  cre^dng  and  dumbing.  As  examples 
fif  these  tegumentary  appendages,  may  be  adduced  the  setas  of  Urottyla  and 
Karma;  the  undni,  setaB,  and  stories  of  Oanftriehma  (AAVUl.  10),  Stypiatm 
(XXY.  360-358),  and  of  P2oemitta.  Intermediate  grades,  between  the  hi«^y- 
dsfekped  setose  processes  dted  and  ordinary  vibratile  dlia,  may  be  seen  in 
the  ki^Br  and  more  rigid  eiHary  structures  alluded  to  above  as  often  found 
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along  the  maigin  of  animalcalesy  on  eminences  and  in  depreedons  and  other 
particalar  parts ;  such  Laohmann  would  name  *'  dUary  bristUs.**  In  TrUhO' 
dina  Pedimdus  (XXIX.  17),  Stein  describes  a  circle  of  nndni  sajyported  on  a 
cartilaginous  or  corneous  ring,  and  external  to  this  a  yellowish  membrane  of 
corneous  consi»tence  and  extraordinaiy  flexibility,  with  dosely-placed  stritt 
across  it.  On  a  lateral  view  of  the  anunalcule,  this  membrane  is  seen  to  rise 
round  the  circlet  of  undni  like  a  raised  rim  (XXIX.  17/). 

LOCOMOTXYS  JLSTD  FiXED  FoBMS  OF  THE  GtLLLTA.  YaBIBTIBS  OF  LoOOKOZIOir. 
TBAlfSITOBT  POWEE  OF  LOCOMOTION   AMOKO  THE   ATTACHED  GbEEEA.      PkDICLB 

SuroLB  Am)  Bbavched.  Yaeied  OuTLnns  of  Ramified  Stems.  Stritctubb  of 
Stem.  Coktbacttlb  Stems.  Eioid  Stems. — ^The  Ciliata,  with  respect  to  the 
function  of  locomotion,  present  themselyee  under  two  groups,— one  o(»npre- 
bending  those  genera  which  at  all  periods  of  their  existence  can  more  fmn 
place  to  place  at  will,  the  other  embracing  all  those  which  under  ordinary 
conditions  are  attached  by  means  of  a  stem  or  pedicle,  of  greater  or  leas  length. 

The  former — ^the  locomotiye  group — includes  the  larger  number  of  geDer% 
in  all  of  which  the  cilia  are  more  or  less  generally  distributed  over  the  entire 
body.  Their  swimming  moyements  are  especially  due  to  the  dlia,  but  may  be 
aided  by  other  tegumentary  processes,  by  setae,  styles,  or  uncini,  and  in  seraal 
instances  by  the  general  figure  of  the  body.  It  is  rare  that  swimming  b  a 
simple  onward  movemoit ;  on  the  contrary,  it  is  usually  attended  with  a 
rotaiy  motion  about  the  long — seldom  the  short — axis  of  like  body ;  and  whoi 
the  animalcule  is  considerably  elongated,  it  becomes  undulating,  as  in  an  eeL 
In  the  case  of  Spirostomum  (XXIY.  297,  298),  the  elongated  ribbon-like 
figure  is  particularly  f  avouralde  to  rapid  writhing  motion.  In.  short,  as  befoie 
intimated,  the  developement  of  the  body  to  a  greater  extent  in  one  or  more 
parts,  so  as  to  form  processes,  or  the  constriction  of  a  portion,  reducing  it 
to  the  dimensions  of  a  member,  or  the  lengthening  of  the  entire  animal  into 
a  band-like  or  ligulate  figure  is  made  subservient  to  the  purpose  of  loocnno- 
tion,  and  imparts  to  it  a  more  or  less  special  character.  Moreover,  ^e  loco- 
motiye Ciliata  have  the  power  of  altering  the  direction  of  their  movements, 
and  will  often  retrace  their  course,  and  this  frequ^tly  without  toming  t^iem- 
sdves  round  in  order  to  advance  the  same  extremity  foremost. 

The  simple  movement  of  swimming  is  common  to  all  the  Ciliata ;  but  ia 
the  case  of  those  furnished  with  setse  and  uncini,  a  creeping  or  crawhog 
motion  is  superadded,  as,  for  example,  in  Styhnyehia  (XXVUi.  10),  JBimem- 
tophcrvB,  Euplotes,  and  Kerona  (XXY.  322,  328,  347,  353).  In  several 
of  these  examples  we  find  one  side  of  the  body  covered  with  a  more  resistant 
integument  or  shield,  whilst  the  locomotive  uncini  or  setae  are  disposed 
along  the  other,  just  as  in  the  case  of  a  myriapodous  insect,  and  saj^y  a 
locomotive  apparatus  whereby  the  animalcules  can  run,  with  much  activity, 
over  the  sur£u)e  of  an  Alga  or  other  solid  body,  or  dimb  it  without  difficulty. 
The  movements  of  the  setae,  in  creeping,  are  not  independent  like  tiioee  of 
vibratile  ciha,  but  are  produced  by  the  contraction  of  the  substance  into 
which  their  bases  are  fixed. 

Every  microscopist  has  observed  Ciliata  suddenly  arrest  their  course  and  as 
quickly  reverse  it.  This  phenomenon  Perty  calls  '  diastropky,*  and  asserts 
(op,  cU.  p.  122)  that  this  change  in  movement  is  accompanied  by  sudi  a 
transition,  that  not  only  does  the  posterior  extremity  become,  for  the  time,  tiie 
anterior,  but  it  also  acquires  the  size  and  appearance  of  the  latter.  Hiere  is, 
in  his  hmgnage,  an  actual  polar  reversion  of  the  organism.  This  peculiarity  is 
observed  among  the  swimming,  but  not  among  the  creeping  Pr<^»toa,  which 
always  advance  with  the  anterior  end  first.  When  Pdramiciwn  vamclvm  of 
P.  lewMs  becomes  diastrophied,  its  figure  dlongates  and  changes  to  cylindrical 
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— Hie  piesent  anterior  portiim  (formerly  the  po6terior)  grows  thioker,  whilst 
the  oppodte  end  beocmies  somewhat  more  pcnnted.  For  a  few  seconds  the  animal 
swims  about,  rerolTing  at  the  same  time  upon  its  long  axis,  and  after  sud- 
denly making  a  turn,  reassumes  its  regular  form  and  its  usual  moremento. 
It  IB  singnlar  that  the  cilia  of  the  reversed  anterior  extremity  acquire  a  greater 
leugth  and  strength,  and  act  with  increased  vigour,  whilst  those  at  the  oppo- 
site end  become  inconspicuous  and  passive.  During  diastrophy,  moreover, 
rotation  upon  its  long  axis  is  particularly  rapid.  Perty  illustrates  Uus  pecu- 
liar act  of  diastrophy  in  many  other  species,  of  which  we  may  mention  Para- 
medum  OoJpoday  Colpoda  Ben,  Coleps  hirtus,  Oxytricha  Pettumelloy  ^fec 

A  YCfTj  indifferent  conception  can  be  formed  of  the  energetic  ever-varying 
movements  of  the  Ciliata  by  any  attempted  descriptions  of  their  mAnn^ 
and  direction.  One  method  ia  combined  with  or  rapidly  exchanged  for  an- 
other ;  and  we  see  the  littie  beings  not  simply  swimming,  but  revolving  and 
curving  on  themselves  in  a  marvellous  and  beautiful  manner,  to  be  appre- 
ciated only  by  observation. 

Could  we  imagine  the  existence  of  a  will,  or  of  a  power  of  control,  in  ' 
sudi  tiny  creatures,  we  should  say  that  ciliary  motion  is  at  its  bidding ;  we 
see  it  inoessantiy  varying  in  the  same  individual,  both  in  activity  and  power, 
at  one  moment  urging  on  the  moving  atom  at  full  force,  at  another  merely 
revolving  it  rapidly,  at  another  slackened  and  presentiy  stopped.  These  va- 
riations, too,  iq[ypear  not  fortuitous,  but  directed  to  certain  ends — to  the  pro- 
curing of  food,  to  the  avoiding  of  an  obstacle,  or  to  the  escape  from  an  enemy. 
Yet,  on  the  <me  hand,  the  bddef  in  the  need  of  a  special  organization  for  the 
manifestation  of  volition,  and,  on  the  other,  the  observation  of  very  similar 
movements  in  the  ciliated  cells  of  higher  animals  when  detached  and  free  in 
water,  in  the  Fhytozoa  and  in  the  spores  and  filiform  cells  of  i^ants — are 
cuoamstances  which  make  us  hesitate  in  attributing  such  jdienomena  to 
any  other  than  purely  physical  forces. 

"  There  is  no  sufficient  reason,"  says  Dr.  Carpenter  ('  The  IGorosoope,'  p. 
476),  **  to  r^;ard  such  actions  as  indicative  of  a  wonderful  adi^>tation,  on  the 
part  ci  these  simple  ciliated  cdls,  to  a  kind  of  life  which  enables  them  to  go 
in  quest  of  their  own  nutriment,  and  to  introduce  it,  when  obtained,  into  the 
intedor  of  their  bodies.'' 

Prof.  Owen  remarks,  in  his  lectures  on  the  Comparative  Anatomy  and  Phy- 
skdogy  of  the  Invertebrated  Animals  (1843),  p.  19, — "  If  you  watch  the 
motions  of  the  Polygastric  Infusoria,  you  will  perceive  they  avoid  obstacles 
to  their  progress,  rarely  jostie  one  another ;  yet  it  is  difficult  to  detect  any 
definite  cause  or  object  of  tiieir  movements."  Further  on,  he  writes — <<  The 
motions  of  the  Pdygastrica  have  appeared  to  me,  long  watching  them  for  indi- 
cations of  volition,  to  be  in  general  of  the  nature  of  respiratory  acts,  rather  than 
attempts  to  obtain  food  or  avoid  danger.  Very  seldom  can  they  be  ccmstrued  as 
voluntary,  but  seem  rather  to  be  automatic — governed  by  the  influence  of  sti- 
mnli  within  or  without  the  body,  not  felt,  but  reflected  upon  the  contractile 
fibre — and  therefore  are  motions  which  never  tire.  We  may  thus  explain 
the  lact  which  Ehrenberg  relates  (not  without  an  expression  of  surprise), 
namely,  that  at  whatever  period  of  the  night  he  examined  the  living  Infu- 
soria, he  invariably  found  them  moving  as  actively  as  in  the  day-time  ;  in  < 
short,  it  seemed  to  him  that  these  littie  beings  never  slept." 

Turning  now  to  the  fixed  Ciliata,  we  perceive  that  tiie  true  Vorticellina^ 
not  invested  by  an  external  sheath,  arrange  themselves  under  two  sections, 
according  as  the  stem  is  flexible  and  contractile,  or  non-contractile  and  almost 
or  completely  inflexible.  The  genus  Vortieella  is  the  type  of  the  contractile 
greup,  and  EpistyUs  that  of  the  non-contractile  and  inflexible.     The  stem 
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of  the  geaQB  first  named  is  always  simple  or  onbrandhed  (XXVII.  1, 2, 3, 4) ; 
bnt  in  that  of  the  other  genera  of  VorticeUina — ^viz.  Carehetmm  (XXX.  9) 
and  2joo{hammum  (XY.  69)  of  the  contractile-stalked  gronp,  and  EpistyHs 
and  OpereiUaria  of  those  having  rigid  stems  (XXX.  1, 11) — ^the  young  bemgs 
prodi^ped  by  fission  continue  aoO^erent  to  the  parent  stem,  and  then  proceed  to 
develope  secondary  branching  pedicles  of  their  own,  and  in  this  manner  give 
rise  to  compound  ramified  collections  of  polyparies.  Since  this  ramification 
is  consequent  on  the  division  of  a  parent-being  into  two,  it  has  necessarily 
a  more  or  less  regular  dichotomous  (forked)  character,  and  will  be  more  com- 
pound the  oftener  the  process  of  fission  has  been  repeated. 

The  stem  produced  by  each  half  continues  to  acquire  length  and  strength 
until  the  being  which  surmounts  it  begins  in  its  turn  to  undego  self-division, 
when  its  growth  at  once  ceases ;  and  it  undergoes  no  further  change  whilst  it 
exists,  except  in  acquiring  increased  consistence. 

**  The  individuals  on  the  same  stem  have,"  says  Stein  (p.  75),  <<  as  a  rule, 
similar  dimensions,  those  undergoing  fission,  and  therefore  wider,  excepted. 
At  times,  indeed,  one  may  be  found  smaller  than  its  neighbours ;  but  this  will 
be  traceable  to  some  accidental  circumstance,  such  as  a  less  supply  of  nu- 
triment to  it,  and  is  never  very  considerable.  The  sixe  of  the  membeora  of  the 
same  colony  agrees  in  general  with  that  of  the  individual  firom  which  the 
whole  have  sprung.  When  the  newly-developed  fission-segment,  after  detach- 
ing itself  from  its  parent,  forthwith  proceeds  to  fix  itself  and  secrete  its  stalk, 
the  newly-developed  colony  will  coincide  in  dimensions  with  that  from  whidi 
this  animalcule  has  proceeded.  On  the  contrary,  if  the  detached  member 
enjoys  its  freedom  a  longer  time,  appropriates  nourishment,  and  attains  a 
larger  growth,  the  new  arborescent  polypary  developed  from  it  will  be  larger 
in  all  respects  than  the  parent  colony.  Hence  it  is,  that  in  the  same  speoies 
we  have  great  variety  in  the  dimensions  of  individual  members  as  well  as  of 
colonies ;  and  therefore  the  height  of  the  pedicle,  the  thickness  of  its  brandies^ 
and  the  size  of  its  individuals  are  useless  as  specific  characteristics." 

The  style  of  ramification  is  equally  devoid  of  constancy  in  the  same  species : 
for  (to  continue  our  extracts  from  Stein)  *'  the  several  branches  may  attain 
an  equal  elevation,  and  so  produce  a  corymb  or  cyme ;  or  the  inner  may  out- 
grow the  outer  branches,  and  the  whole  polypary  resemble  a  bunch  of  grapes 
or  a  panicle ;  or,  as  occasionally  happens,  the  branches  may  be  all  incompletely 
developed,  but  at  the  same  time  bear  numerous  individuals  on  short  stems, 
arranged  in  dose  series  on  one  side,  when  there  will  be  a  resemblance  to  an 
ear  of  corn." 

In  the  case  of  Ophrydium  there  is  a  considerable  departure  from  the  ordi- 
nary structure  and  arrangement  of  the  polyparies  of  VorticeUina  and  the  rest 
of  tiie  Ophrydina,  Ehrenberg  considered  the  globular  masses  of  OpTtrydimn 
to  be  constituted  by  the  cohesion  of  their  gelatinous  sheaths,  and  to  be  the 
consequence  of  their  incomplete  self-division.  This,  however,  seems  to  be 
incorrect ;  for  Stein  (p.  246)  confirms  the  statement  of  Frantcius,  that  the 
gelatinous  ball  is  not  made  up  of  coherent  sheaths,  but  that  the  bodies  of  the 
Ophrydia  are  merely  attached  by  their  tapering  posterior  extremities  to  its 
surface,  and  not  imbedded  within  it.  The  animal  sends,  indeed,  a  prolonga- 
tion of  its  tapering  base  some  short  way  within  the  homogeneous  matrix, 
like  a  root ;  and  when  it  forcibly  contracts  itself,  a  slight  depression  of  Uie 
sur£EU2e  occurs ;  but  in  no  strict  sense  can  the  gelatinous  excretion  be  called  a 
sheath  or  lorica. 

Although,  in  their  usual  phase  of  being,  the  attached  Ciliata  have  no  power 
of  locomotion,  they  are  nevertheless  capable  of  oonsiderable  relative  move- 
ment.    The  highest  degree  of  this  is  seen  in  the  actively  contractile  stems  of 
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Foftjeellay  Garehesium^  and  Zoothammum^  and  the  lowest  in  the  nearly  sessile 
Vagimeolay  and  in  the  rigid-stalked  EpistyUs,  The  movements  of  the  stems 
rf  VoriUeUoB  are  most  astonishing  by  their  activity  and  energy.  In  their 
eontraction»  which  is  much  quicker  than  extension,  tike  pedide  is  twisted  into 
&  dose  spiral  comparable  to  a  coiled  spring ;  and  besides  this  action,  by  which 
the  animal  is  instantaneously  drawn  down  to  the  point  of  attachment,  the 
body  its^  ahorteus,  and  the  ciliated  head  and  appendages  are  retracted  under 
eoverof  the  general  integument.  The  branched  pedide  of  Zooihanmium  is 
less  actiTely  contractile,  although  stiU  capable  of  considerable  movement, 
whilst  that  of  Cpercularia  and  B^pistylis  is  quite  rigid,  or  very  slightly 
flexihley  and  this  in  most  spedes  only  in  younger  stems,  before  they  are  in- 
durated by  age.  In  Opercularia  berberina  we  have  the  most  marked  example 
of  flexibility  of  the  stem  among  rigid-stalked  genera. 

Apart  £n>m  the  movements  of  the  animacules  dependent  on  their  pedides, 
others  are  due  to  the  contraction  and  dongation  of  their  bodies,  and  to  the 
retraction  and  extension  of  their  rotary  apparatus.  In  the  instance  of  Vagi" 
mUola  (XXVn.  11),  of  Cotkwrma  (XXX.  12, 13, 14, 16),  and  of  Tifntvnma, 
these,  indeed,  are  the  only  movements  of  which  those  genera  are  capable, — ^the 
external  sheath  constituting  of  itself  a  safe  house  of  defence  when  the  ani- 
malenle  retreats  within  it,  and  thus  offi^ing  a  compensidx>ry  provision  in  lieu 
of  the  loccnnotive  power  of  the  firedy-swimming  Giliata,  or  of  the  actively- 
OQoling  spiral  of  VorHeeUa,  On  the  other  hand,  when  not  in  retreat,  the  ani- 
malcule outstretches  itself,  and,  advancing  its  ciliated  delicate  head  beyond 
the  limit  <^  the  case  (XX  VU.  10, 11),  expands  its  ciliary  apparatus. 

The  animalcules  fixed  on  rigid  stems  appear  exposed  to  every  passing 
danger  without  defence ;  nature,  however,  has  furnished  them  with  a  firm 
redfitant  integument  within  the  anterior  margin  or  peiistom,  of  which  they 
can  oomi^etdy  retract  the  delicate  rotary  disc  and  oliated  head.  However, 
they  are  not  positivdy  motionless ;  for  a  certain  latitude  of  motion  is  allowed 
thMn  by  their  mode  of  articulation,  and  by  the  aTiuular  segmentation  of  the 
posterior  extremity  (XXVll.  16),  in  addition  to  the  possible  contraction  into 
an  ovoid  or  more  or  less  globular  figure.  In  Opercularia  berberiformis  the 
omtniction  oi  the  body  is  fcicOitated  by  the  transverse  rugSB  whidi  normally 
east, — ^whflst  in  Ophrydium  it  is  carried  so  far  that  the  elongated  figure  be- 
comes oval,  and,  the  head  being  retracted,  the  animal  presents  itself  as  an 
ineoosiderable  prtHninence  above  the  surfGtce  of  the  gelatinous  mass  it  rests 
jxpon.  The  absence  of  a  protecting  sheath  in  this  genus  is  partiy  compen- 
sated £)r,  further,  by  the  aggregation  of  the  Ophrydia,  since  l^e  globose  mass 
prodoeed  is  of  itself  a  security,  and  is  rendered  still  more  so  by  its  revoldng 
movements,  the  result  of  acddental  external  forces,  and,  we  may  suppose, 
also  by  the  activity  of  the  animals  projecting  from  its  surface. 

The  V&rtieeBina  and  Ophrydina  live  as  free  beings  for  a  certain  time  after 
their  {ooduction,  whether  by  fission  or  by  gemmation,  or  by  internal  germs 
<^  embryos.  In  the  case  of  the  products  by  gemmation  and  fission,  this 
loeomotive  power  is  due  to  the  temporary  formation  of  a  wreath  of  cilia  be- 
hind Uie  posterior  third  of  the  body,  as  mentioned  in  a  preceding  page ;  and 
it  is  curious  that  it  is  not  then  the  head  whidi  moves  in  advance,  but  the 
hinder  extremity,  by  which  attachment  is  to  be  presentiy  made.  There 
seems  to  be  an  object  in  this  backward  progression ;  for  by  it  the  animal  is 
hrooght  diiectiy  bsto  contact  with  any  object  to  which  it  can  affix  itself,  and 
its  attadmient  made  more  firm.  The  part  to  be  attached  is  the  first  to  come 
into  contact  with  the  siq>porting  medium ;  and  whether  it  proceeds  to  secrete 
about  itB^a  sheiUli,  or  to  develope  a  pedunde,  it  finds  itself  rightiy  placed 
witfaont  any  revolution  of  the  body. 
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Stet7ctubs  of  Pediclbs. — The  intimate  structore  of  the  stem  of  the  Var^ 
Heellina  is  different  in  the  contractQe  and  in  the  rigid  forms.  The  hig^y- 
sensitive,  contractile,  simple  pedicle  of  the  genus  VbrticeUa  has  challenged 
especial  study.  It  is  evidently  a  compound  structure,  consisting  of  a  holkfw 
tube  containing  a  cylindrical  baud.  The  tube  is  a  portion  of  the  gen^nl 
integument,  and  continuous  with  it ;  in  diameter  it  is  uniform  throo^oaty 
except  at  its  point  of  junction  with  the  body,  where  it  undergoes  a  very  alight 
expansion.  Owing  to  the  excessive  rapidity  of  its  spiral  contraction,  this  act 
can  with  difficulty  be  observed,  except  after  the  addition  of  a  weak  scdntifm 
of  corrosive  sublimate,  which  renders  it  so  much  slower  that  its  progreas  may 
be  watched.   Ultimately,  indeed,  the  solution  kills  the  animal. 

The  contained  band,  or,  to  borrow  a  term  from  general  anatomy,  the  "  axis- 
cylinder,"  does  not  fill  the  cavity  of  the  tube,  but  is  disposed  within  it  in  a 
loose  spiral  manner.  Opinion  has  been  much  divided  as  to  the  nature  of 
this  structure.  Ehrenberg,  judging  from  its  active  contractility,  pronounced 
it  a  muscle,  and  went  so  far  as  to  represent  it  as  striated,  i,e.  as  belonging  to 
the  highest-developed  condition  of  muscular  tissue,  which,  however,  com- 
parative anatomy  teaches  us  is  absent  in  the  lowest  classes  of  animals.  Many 
other  writers  have  united  with  Ehrenberg  in  considering  the  band  muscular, 
and  some  few  also  striated,  whilst  others,  again,  have  regarded  it  as  a  simple 
primitive  contractile  substance,  less  elevated  than  muscle  proper  in  tiie  range 
of  tissues.  Indeed,  when  we  contemplate  the  contractility  exhibited  by 
certain  plants,  and  can  find  nothing  more  than  spiral  vessels  which  can 
be  conceived  the  seat  of  this  property,  we  are  forced  to  admit  that  musoular 
tissue  is  not  the  only  actively  contractile  element  in  organised  bodies. 

Stein,  after  remarking  that  the  histology  of  the  stem  in  VortieeBoy 
Oarehesivm,  and  Zooihamnium  is  essentially  similar,  proceeds  to  describe  the 
axis-cylinder  as  an  opaque,  soHd,  finely-granular  mass,  presenting  ddicate 
longitudinal  lines  or  stripes.  In  VarticeUa  nebuUfera,  V.  eonvMaria^  V. 
Campanvla,  and  in  Carchisivm  poh/pinum  (XXX.  9),  it  extends  into  the  body 
as  a  single  tapering  band  or  streak,  and  in  other  VortieeUina  in  two  such 
diverging  from  one  another,  as  remaiked  by  Ehrenberg,  who  concluded  them 
to  be  two  muscular  cords.  When  the  stem  contracts  spirally,  transverse  lines 
or  stripes  appear  in  the  axis-matter,  which  are  no  other  than  cross  folds,  not 
parallel,  and  most  strongly  marked  on  the  concave  side  (XXX.  10) ;  they 
have  therelbre  no  homology  with  the  transverse  strise  of  muscle.  Thai  Hm 
contractile  power  is  dependent  on  the  contained  axis-cylinder  is  shown  hj 
the  facts,  that  where  this  is  deficient  at  any  part,  as  not  unfrequently  hap- 
pens in  Zoothamnium,  that  portion  is  rigid,  as  in  Epistylis  or  Opercularia ; 
that  when  destroyed  by  maceration,  or  by  chemical  agents,  the  stem  is  out- 
stretched and  remains  immoveable ;  and  that,  as  is  not  seldom  se^i  both  in 
Carehesivm  and  Zoothamnium,  this  axis-matter  may  be  torn  across,  at  one  or 
more  parts,  without  the  external  sheath  being  injured :  the  contractility  is 
destroyed,  except  in  that  segment  which  is  still  in  continuous  union  with  the 
body  of  the  animal ;  and  generally  the  pedicle  is  only  so  far  and  so  long-  oon- 
tractile  as  its  axis-cylinder  continues  its  unbroken  connexion  wiUi  the  body. 

"Although,"  observes  Stein  (p.  80),  "these  phenomena  are  in  favour  of 
the  axis-matter  being  a  muscle,  yet  there  are  others  suffidentiy  cmiehi- 
sive  against  the  notion.  For  instance,  were  the  axis  a  muscle^  its  move- 
ments should  cease  when  it  loosens  its  hold  frx>m  the  object  it  is  affixed 
to :  but  this,  although  asserted  by  Eckhard,  does  not  happen ;  for  whoi 
VorticeUae  and  Carche^ia  relax  their  hold  and  swim  freely  about  witii  i^m 
stems,  these  last  sie  seen  to  actively  contract  in  their  usual  spiral  manner, 
and  presently  again  to  extend  themsdves.     In  like  manner  VortusedcB^  wheal 
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detadied  from  their  stems^  alternately  contract  and  extend  ihm  bodies ;  and 
yet  no  one  pretends  to  see  any  distinct  lines  or  bands  in  their  interior  to  be 
termed  muscles." 

Stein's  condnsion  therefore  is,  that  the  contained  substance  of  the  stalk  of 
ihe  contractile  VortieelUna  is  not  muscular,  although  it  is  the  organ  through 
whidi  the  will  of  the  animal  is  exercised  over  the  pedicle.  Further,  as  the 
action  of  chemical  reagents  upon  the  enclosing  tube  or  sheath  of  the  pedicle 
eoireqdonds  with  their  action  upon  the  cuticle  of  the  body,  so  also  is  tihere  a 
sisutar  correspondence,  in  chemical  relations,  between  the  axis-cylinder  and 
Uie  internal  tissoe  of  tiiie  body. 

Giermak,  in  bis  essay  on  the  stem  of  Vorticdlce  (Zeitsckr,  iv.  p.  442),  describes 
in  that  of  Carchesium  three  distinguishable  structures: — 1,  the  hyaline 
eokmrless  sheath ;  2,  a  yellowish  contained  fibre  or  band ;  and  3,  a  finely- 
granular  fibre  lying  parallel  to  the  last  (XXX.  10).  These  three  portions  he 
terms  three  isotropous  helicoids,  with  reference  to  their  spiral  moide  of  con- 
traction. Eckhard  supposed  the  effectiye  cause  of  the  contractility  to  oonsiBt 
in  the  constant  intimate  c(mnexion  between  the  motions  of  the  stem  and 
those  of  the  body :  but  there  ia  no  such  constant  connexion ;  for  the  ciliary 
wreath  may  be  retracted  frequently  without  any  contraction  of  the  pedicle. 
AoocN-ding  to  Czermak,  the  explanation  of  the  movements  is  to  be  found  in 
the  external  hyaline  fibre  or  tube  being  elastic,  and  tending  naturally  to  keep 
the  stem  outstretched,  whilst  the  y^low  contained  filament  is  contractile, 
serving  to  throw  the  stem  into  folds, — the  one  consequently  antagonistic  to 
the  o^er.  To  the  third  or  granular  element,  he  is  di4)osed  to  attribute  only 
a  Tegetative  frinction.  The  elastic  force  of  the  stem  is  constant,  whilst  the 
eontractile  is  momentary  in  operation ;  the  result  of  this,  coupled  with  its 
tabular  structure,  afibrds  an  explanation  of  the  particular  spiral  mode  of 
eontraction.  This,  Gzennak  has  taken  much  pains  to  elucidate  by  reference 
to  physical  laws,  and  an  appeal  to  arguments  which  we  deem  unnecessary  to 
reproduce  here. 

More  recently,  the  idea  of  the  muscular  nature  of  the  axis-cylinder  of 
VartUeUa  has  been  revived  by  Lachmann  (op.  cU,  p  229),  who  does  not 
hesitate  to  call  it  a  stem-muscle,  and  *^  cannot  allow  any  value  to  Stein's 
objectioii,  that  it  still  contracts  even  when  the  stem  is  not  attached  to  another 
object ;  for  the  muscle  does  not  thus  loose  its  insertion,  as  it  is  attached  to  the 
sheath  of  the  stem  itself  by  its  hinder  extremity,  and  not  to  the  foreign  object." 
This  reply  to  the  objection  seems  perfectly  admissible,  although  for  our  part 
we  do  not  at  all  perceive  the  necessity  of  regarding  the  axis-matter  as  miusde 
in  the  exact  sense  of  the  term,  even  if  it  is  in  function  homologous  with  that 
compound  tissue  of  higher  animals.  A  fiirther  statement  made  by  Lachmann 
is,  that  the  muscular  tissue  of  the  stem  extends  upwards  into  the  body,  where 
it  joins  with  the  supposed  muscular  lamina  lining  the  cortical  layer. 

The  manner  in  which  the  axis-cylinder  is  produced  and  disposed,  is  shown 
by  Stein  to  afford  a  distinction  between  the  allied  genera  Carchesium  and 
Zoothammum,  In  the  former,  each  branch  developes  its  own  canal  and  its 
own  central  substance,  so  that  neither  of  them  is  directly  oontinuous  with  the 
canal  or  the  contractile  matter  of  those  portions  previoudy  formed  (XXX.  9) ; 
in  Zooikamniwn,  on  the  contrary,  both  the  sheath  and  the  axis-cylinder  of 
the  stalk  are  continuous  throughout  the  ramified  polypidom  (XII.  69).  It 
is  in  this  genus,  particularly,  that  the  oldest  portion  of  die  stem  is  often  solid ; 
indeed  imperfedtly-developed  stems  occur,  in  which  after  one  or  more  divisions 
this  same  solid  and  rigid  condition  is  seen.  Such  varieties,  as  Stein  points 
out  (op.  eii,  p.  218),  are  to  a  certain  extent  difficult  to  distingiiiflh  from  species 
of  Ep%9t^liM ;  nevertheless  they  are  never  so  rigid  as  the  lattor,  but  admit  of 
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being  curved  and  are  more  elastic,  and,  besides  all  this,  they  exhibit  trans- 
yerse  folds  or  constrictions,  of  different  depths,  which  are  rraidered  still  more 
evident  when  the  animals  contract  and  shorten  themselves  upon  their  stems. 

The  rigid  stems  of  Opereularia  (XXX.  1)  and  Epistylis  (XXX.  11)  are 
solid,  without  internal  canal  and  contractile  matter ;  fireqnentlj  they  appear 
finely  striated  longitudinally,  and  in  several  species  («.  g,  Opereularia  arttett- 
lata)  present  transverse  lines  (XXX.  1),  along  which  they  more  readily  fracture. 
These  last  are  commonly  described  as  articuktions  or  joints ;  but  they  occur  at 
irregular  distances,  and  are,  even  in  the  same  species,  neitiher  constant  in  num- 
ber, in  distinctness,  nor  in  distribution,  and  are  consequently  wortMess  in 
specific  descriptions. 

The  substance  of  these  rigid  stems  is,  however,  not  uniform,  but  divisible 
into  a  cortical  layer  and  an  inner  or  medullary  substance.  This  is  manifest  by 
the  fact  of  the  transverse  lines,  which  become  more  evident  during  the  limited 
undulating  movements  of  the  stem,  penetrating  only  through  its  outide  or 
covering.  <<  On  the  addition  of  concentrated  sulphuric  add,"  says  Stein  (p. 
112),  '*  the  pedide  swells  up,  and  both  longitudinal  striffi  and  transverse  lines 
or  folds  vanish,  the  whole  mass  appearing  homogeneous  and  hyaline.  Tincture 
of  iodine  colours  it  yellow ;  but  ^phuric  add  being  added,  it  is  again  rendered 
colourless." 

GoMPOUvi)  Special  Oboavs  of  LocoMonoir  Ain>  Pbbheksiov.    The  Pe&istom 

AKD  ROTAAT  OB  CnJATED  BiSK.      ThB  SpIBALLT-COILED  HeAD  OF  SpIBOGHOITA. 

— ^Before  entering  on  the  description  of  the  internal  organization  of  the  Ciliated 
Protozoa,  there  is  one  set  of  organs,  belonging  to  the  important  genera  Vorti^ 
eelUna  and  Ophrydina  (Ehr.),  which  demands  our  attention.  The  organs  in 
question  are  appurtenances  of  the  head,  and  consist  of  a  ciliary  wreath  and 
a  retractile  ciliated  disk. 

Ehrenberg  appears  not  to  have  recognized  the  existence  of  the  dliated  disk 
as  a  spedal  structure ;  for  in  his  several  generic  descriptions  of  VorHceUina 
and  Ophrydina,  he  speaks  of  the  head  as  simply  crovmed  by  a  wreath  of 
cilia,  more  prominent  at  one  part,  which  he  caUed  the  forehead,  and  inter- 
rupted at  one  spot  by  a  sort  of  gap  where  the  oral  aperture  is  placed.  Stein*s 
res^trches,  however,  show  dearly  that  the  armature  of  the  head,  in  most  of  the 
genera  of  those  &milies,  is  mudi  more  complex.  The  excepted  g^iera  are 
Stentor,  Trichbdina,  Urocentrumy  and  Tintinnua,  which  are,  in  fact,  not  true 
members  of  the  family.  Stentor  furnishes  an  example  of  the  structure  of 
dliary  wreath^  presumed  by  Ehrenberg  to  belong  to  all  Verti4}ellina,  being 
in  fact  a  single  line  of  dlia  fringing  the  periphery  of  the  head,  and  bending 
down  spirally  to  the  mouth  (XXVIII.  16 ;  XXIX.  7,  8).  Trichodma  is 
very  curiously  fringed  with  an  anterior  and  posterior  wreath  of  dlia,  and 
has  beddes  a  firm  collar-like  ring,  within  whidi  is  a  drdet  of  stiff  undni 
(XXIX.  15, 16, 17). 

In  the  genus  Vortteella  the  apparatus  is  most  simple ;  it  is  slightiy  more 
devdoped  in  Ophrydium  and  in  Vaginicolay  stiU  more  so  in  Epistyle,  and 
most  of  all  in  Opereularia  and  Lagenophtys ;  lastiy,  in  J^rochona,  Choflottpiray 
and  LagoUa,  totally  exceptional  forms  occur.  When  examined  doeely, 
Lachmann  says  {A.  N.  H.  1857,  xix.  p.  118),  we  find  the  wreath  is  a  sjaral, 
and  not  a  complete  drde  (XXIX.  1,  2,  3,  4,  7).  It  begins  in  the  vidnity 
of  the  orifice  of  the  vestibule,  runs  above  it  towards  the  left,  and  round  the 
margin  of  the  dliary  disk ;  but  before  it  again  reaches  its  starting-point, 
it  descends,  upon  the  stem  of  the  rotary  organ,  into  the  commencement  of 

the  digestive  apparatus  (t.  e,  the  vestibulum) The  portion  of  the  dliary 

spiral,  which  is  outdde  the  vestibulum,  is  not  of  equal  length  in  all  VorHcd- 
lina ;  in  many— ForftceZZa,  Carchesiwm,  Zooffiamnium,  Scyphidia  (XXIX.  3), 
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Trkhodma  (XXIX.  15,  17),  0ome  speoieB  of  EpistyUs,  Ac. — ^it  scaroelj  de- 
scribes more  than  oae  circuit  rotind  ^e  disk,  whilst  in  Opereularia  articulata 
and  ^puijfUg  Jlav%ea$^  it  nins  round  the  disk  three  times,  and  in  other  forms 
the  length  liee  between  these  two  extremes.  This  portion  consists  of  i^  double 
row  of  dlia ;  those  of  the  outer  row  are  usually  somewhat  shorter  than  those 
cf  the  inner,  and  inserted  upon  the  ciliary  disk  nearly  in  the  same  line,  but  at  a 
different  angle,  as  Ihey  appear  to  be  far  more  strongly  bent  outwards.  In 
the  Testibuhun  and  oesophagus  the  dlia  appear  to  stand  in  a  single  row. 
Hie  peristom  bears  no  dMa ;  those  r^iresented  upon  it  by  Stein  belong  to  the 
ovter  series  of  cilia  of  the  disk,  or  to  Uiat  portion  oi  the  ^iral  which  d^c^ids, 
on  the  stem  of  the  rotatory  organ,  into  the  yestibulum.  The  latter  also, 
pechaps  in  conjunction  with  the  bristle  above  mentioned,  appear  to  have  been 
what  induced  Ehrenberg  to  suppose  the  existence  of  a  frilled  lower  lip  in 
Sjfiiiylis  nrntans^  and  Stein  in  all  the  Optreularia. 

**  To  see  the  particulars  above  described,  it  is  peculiarly  advantageous  to 
obeerTo  animals  which  have  died  during  expansion.'' 

In  Vin^iceOa  (XXVII.  1, 2, 4 ;  XXIX.  1)  we  have  a  truncate  anterior  ex- 
tremity, the  margin  <^  which,  t .  e,  the  penstom,  is  cUiated,  expanded,  and 
often  rather  roUed  outwards,  and  has  within  and  rising  slightly  above  it  the 
rotary  or  ciliated  disk.  This  is  separated  by  a  fissure  from  the  perist<mi 
(XXV 11.  1,  2),  except  at  one  part,  where  the  two  are  continuous,  and  on 
examination  the  disk,  with  its  supporting  stem  narrowing  downwards  and 
outwards  obliquely  into  the  body,  appears  to  be  a  f<dd  reflected  from  the 
iun^  margin  and  surface  of  the  peristom.  The  mouth  opens  at  the  bottom 
of  tiie  fiasore  or  cavity  (the  vestibulum),  and  is  fbmished  with  several  dlia. 
The  dliated  disk  when  outstretched  is  elevated  a  little  above  the  peristom, 
but  can  be  retau:ted  and  covered  in  by  it  completely.  The  peristom,  like- 
wise, can  so  curve  itself  inwards  as  to  indude  its  own  dlia  within  the  ring 
of  int^^ument  which  doses  over,  like  a  ^hincter,  the  whole  ciliary  ap- 
paratus of  the  head.  The  rotary  disk  has  some  general  resemblance  to 
a  eork  or  plug,  which  can  be  drawn  inwards  by  ^e  animalcule  itself,  or 
pushed  outwards,  so  as  to  serve,  by  its  dliated  margin,  to  produce  a  vortex  in 
the  fluid,  and  thereby  fulfil  the  purpose  of  a  prehenedle  or  purveying  organ, 
in  addition  to  its  locomotive  power  when  the  VortiteUa  is  free,  llie  tapering 
basis  of  the  disk  ends  bdow  in  the  general  cavity  of  the  body,  and  is  hdd  m 
iitti  by  its  retractor  fibres,  whioh  proceed  to  it  frtnn  the  sides  of  the  animal- 
cule posteriorly.    Its  interior  is  continuous  with  the  general  cavity  of  the  body. 

The  unfolding  of  the  oUiary  apparatus  of  the  head  is  more  gradual  than  the 
retraction;  an^  so  to  speak,  the  animal  seems  to  feel  its  way  by  first  everting 
a  portion  of  its  delicate  peristom  (according  to  our  own  observation,  in  a  sinuous 
laanner)  along  with  a  few  of  its  stronger  dlia,  before  expanding  the  rest. 

In  OphydimH  (XXX.  5),  the  disk  is  rather  more  convex  on  its  surface, 
and  advances  somewhat  higher  above  the  peristom,  but  in  all  essential  parti- 
culars resembles  that  of  Vw^eeOa.  On  the  retraction  of  the  disk,  the  peri- 
stom oontraets  above  it  into  a  short  cylinder,  and  the  head  swells  out  in  a 
^obose  manner  (XXX.  6).  Between  Ophrvdium  and  Vaginieola  (XXYII. 
11)  there  is  a  dose  resemblance  in  the  conmrmation  <^  the  dliated  organs, 
except  that,  in  the  latter,  the  act  of  retraction  agrees  rather  with  that  of 
VortkiUa  than  with  Ophrydium. 

A  truncated,  thickened,  scmiewhat  everted  peristom,  fringed  with  dlia 
(this  T>>i»l»nflTin  denies,  see  above),  bdongs  to  EpistyUs  (XXX.  11)  as  well  as 
to  the  above-named  genera,  and  to  Can^iesium  (XXX.  9)  and  Zoothamnium. 
It  has  also  a  similar  rt>tary  disk,  only  rather  more  developed,  and  its  stem 
short  and  thick. 
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In  Opercularia,  on  the  oontnuty,  the  peristom  is  neither  oiliatedy  expanded, 
nor  everted  in  a  oampanulate  manner,  but,  by  the  tapering  of  the  anterior 
third  of  the  body,  is  narrow  (XXX.  1, 37),  and  frequently  thrown  into  longi- 
tadinal  rugae,  and  withal  simply  truncate.  Further,  the  disk  has  a  flat 
sur&ce,  and  is  supported  on  a  long  stem  which  tapers  internally  to  a  fine 
extremity ;  and  the  whole  organ  assumes  a  trumpet-like  figure  (XXX.  1  a, 
2  a,  d).  Moreover,  instead  of  an  infundibuliform  fissure  conducting  to  aa 
oral  aperture  or  entrance  to  the  alimentary  canal,  there  is  a  wide  tkroat  or 
pharynx,  occupying  almost  the  whole  diameter  of  the  peristcnn,  having  its 
border  extended  upwards  in  the  form  of  a  free  edge  (XXX.  2,  3),  which 
Stein  calls  an  under  lip,  in  contradistinction  to  the  rotary  disk,  which  Ehren- 
berg  represented  to  be  a  forehead  and  upper  lip. 

Tlie  tapering  stem  of  the  disk  bounds  one  side  (the  upper)  oi  the  pharynx, 
and  by  its  narrow  extremity  communicates  with  the  general  cavity  of  the 
body.  The  fiat  disk  itself  is  surrounded  by  two  or  three  concentric  rows  id 
long  dlia,  and  when  drawn  inwards  suffices,  with  little  aid  frx>m  the  constric- 
tion of  the  peristom,  to  close  that  opening.  When,  however,  contraction  ib 
more  forcible  and  complete,  this  process  is  entirely  retracted,  and  the  peristom 
dosed  above  it  (XXX.  37).  When  in  this  condition — and  this  is  true  also  of 
the  other  allied  genera, — ^the  only  indication,  as  before  mentioned,  of  ^tte 
ciliary  apparatus  of  the  head  is  an  irregularly-shaped  streak  or  space,  in 
which  cilia  may  still  be  discerned.  Thu  irregular  space  is  nothing  moie 
than  the  remnant  of  the  pharyngeal  cavity  not  occupied  by  tJie  retracted 
organs. 

On  the  retraction  of  the  rotary  disk  a  portion  of  its  contents  is  transfimred 
fr(mi  the  expanded  free  extremity  into  its  stem,  the  quantity  so  removed  being 
in  direct  ratio  with  the  degree  of  contraction ;  when  this  is  considerable  the 
trumpet-like  process  appears  like  a  mere  internal  lobe  (XXX.  37  b,  h). 

In  Lagenophrys  the  peristom  is  peculiar  in  being  adherent  to  the  narrow 
two-lipped  aperture  of  the  sheath;  the  diameter  of  the  two  orifices  k 
consequently  equal.  From  the  peristom  a  long  trumpet-shaped  rotary  oigan 
projects,  similar  to  that  of  Opercularia  (XXX.  29,  32,  33,  34). 

The  most  singular  conformation  of  tiie  head  occurs  in  a  new  member  of 
the  VorticeHina,  described  and  figured  in  Stein's  admirable  monograph  (p.  205) 
under  the  name  of  Spirochona  (XXX.  17, 27, 28).  In  this  the  ordinary  stmo- 
ture  of  the  head  is  entirely  departed  from ;  and  we  have  in  its  place  a  con- 
voluted ^iral  membrane  or  lamella,  rolled  inwards  around  a  solid  central 
axis,  forming  a  sort  of  exaggeration  of  the  single  spiral  wreath  of  Sienior. 
In  ftdl-grown  specimens  of  JSpir,  genmdpara,  two  complete  circuits  (XXX. 
17)  are  made  by  the  lamella,  each  of  which  is  morphologically  the  same  as 
the  ciliated  peristom  expanded  and  flattened  out.  The  sur&oc  is  dotiied 
with  cilia ;  and  at  its  termination  in  the  body,  near  the  axis  of  the  spiral,  is 
placed  the  mouth,  into  which  foreign  substances  are  rapidly  transmitted  by 
the  action  of  the  cilia. 

Among  the  several  members  of  the  fEuniHes  passed  in  review,  we  have  seen 
a  considerable  range  in  the  complexity  of  the  ciliary  wreath ;  and  on  extending 
our  examination  to  other  genera,  intermediate  gradations  in  structure  may 
be  discovered.  Thus,  through  the  simple  spirally-curved  wreath  of  Stenior 
(XXIX.  7),  we  have  a  oonnecting  link  between  VortioeUa,  on  the  one  hand,  and 
several  genera,  of  which,  in  respect  of  ihe  ciliary  armature  of  the  head, 
Trichodina  may  be  taken  as  the  representative. 

Chaetospira,  a  new  genus  instituted  by  Lachmann  (A.  N.  H.  1867,  xix.), 
has  a  ciliary  apparatus  so  abnormal  and  peculiar,  that  it  would  seem  rather  a 
representative  of  another  family  than  one  of  the  VortkeUina,    The  anterior 
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portioiL  of  the  body  is  much  elongated,  and  supports  a  eOiated  process,  when 
ftilly  extended,  strai^t  and  of  a  sword-sliaped  figure,  fringed  along  one  side 
and  at  the  end  with  dlia  (XXIX.  5)  ;  but  when  in  active  vibraticMi  and  twiri- 
ing  the  animalcule  onwajrd  in  a  spiral  manner,  the  greater  part  (^  this  ciliated 
process  becomes  carved  like  a  sidde  (XXIX.  6). 

Another  bixane  fi>rm  of  ciliary  apparatus  is  exhibited  by  the  genns  Lagotia, 
described  by  Br.  Strethill  Wright  as  a  member  of  the  family  Ophrydina, 
The  head  of  this  animal  protrc^es  a  pair  (^  hom-Uke  divergent  processes, 
fringed  aronnd  with  dlia,  flat  or  folded  longitudinally,  and  strai^t  or  recurved 
at  the  extremities.  These  ciliated  appendages,  together  with  the  ebngated 
body  they  surmount,  enjoy  a  veiy  great  latitude  of  motion  by  alternate  con- 
traction and  extension,  and  by  curving  and  twisting  in  di£ferrat  directions. 
The  moaUi  lies  in  the  ang^  between  ^  processes.  The  whole  being  may  be 
said  to  stand  in  a  position,  with  regard  to  the  rest  of  the  VwrtiedUna  and 
Ophrydinay  similar  to  that  of  8tephanoeero9  to  the  other  Rotatoria. 

INTESNAL  OBGAfOZATION  OF  THE  CILUTED  PBOTOZOA. 

SuvneiTiCEnTABT  later;  Chlobophtll ;  Thbbab-cslls ;  Musclib. — Sub- 
jaoent  to  the  cuticle  is  a  layer  of  granules  and  small  ^obules,  which  is 
often  spoken  of  as  a  second  lamina,  just  as  the  cutis  vera  in  higher  AnimAlii 
is  of  the  cuticle.  Its  thickness  is  considerable ;  it  is  hyaline,  and  more  con- 
sistent than  the  contents,  and,  although  homogeneous  itself,  contains  a  multi- 
tude of  granules,  and,  at  least  in  several  genera  («.  g,  Paramecium,  Ophrydivm, 
Natmda),  numerous  chlorophyll- vesicles,  often  so  thickly  disposed  as  to  impart 
a  lighter  or  deeper  green  colour  to  the  animal  (XXIX.  28).  In  young,  and 
also  in  very  old,  specimens  this  colouring-matter  is  wanting,  and  only  colour- 
less granules  with  a  dark  outline,  resembling  small  &t-particles,  present. 

In  Mr.  Carter's  phraseology  this  cortical  lamina  bears  the  name  of  the 
**  diaphane,"  and  is  said  to  lie  beneath  the  '*  pellicula,**  but  not  to  be  secreted 
fix>m  it.  The  property  of  contractility  resides  in  it,  whence  it  becomes  so 
far  analogous  to  the  muscle  or  flesh  of  animals,  that  to  it  the  term  *  sarcode  * 
may  most  appropriately  be  applied.  Bujardin,  however,  who  flrst  employed 
this  term^  did  so  to  designate  the  entire  component  organic  mass  of  FrotoEoa ; 
but  as  later  observers  seem  to  make  out  tiie  presence  of  a  somewhat  dis- 
similar substance,  of  a  much  looser  and  more  mucilaginous  consistence,  sur- 
rounded by  the  contractile  layer  in  question — ^in  other  words,  within  the 
so-called  abdominal  cavity — ^we  feel  quite  justified  in  limiting  its  signification 
as  we  have  done. 

That  l^e  cortical  layer  alone  is  contractile,  Lachmann  considers  (A.  N.  H, 
1857,  xix.  p.  126)  to  be  shown  by  the  &ct,  that  '^  in  torn  Infusoria  fragments 
of  it  not  unfrequently  contract,  whilst  the  internal  mass,  the  '  chyme,'  which 
flows  out,  never  does  so."  Its  contractions  e£fect  the  various  alterations  in 
the  figure  of  animalcules,  whilst  by  its  greater  consistence  compared  with  the 
abdominal  contents,  and  its  fixity  as  a  layer  subjacent  to  the  cuticle,  it  affords 
a  sorfiBM^e,  and  even  a  nidus,  for  tiie  attadunent  of  the  nucleus  and  contractile 
vesicle,  which  it  therefore  serves  to  retain  in  mt&y  notwithstanding  the 
opposing  forces  of  the  circulatory  current  and  of  partides  of  food  propelled 
against  them  (see  section  on  Circulation).  To  demonstrate  this  quiescent 
cortical  lamina  and  the  inner  moving  stratum  also,  chromic  add  affords  the 
most  effective  means. 

The  cavity  endosed  by  the  cutide  and  subjacent  cortical  lamina  is  occupied 
by  an  almost  fluid  matter,  for  which  the  term  ^*  abdominal  mucus  "  is  suggested 
by  Carter,  and  that  of  "  chyme "  by  Lachmann,  the  former  we  esteem  the 
better,  although  it  imperfectly  represents  the  actual  state  of  things ;  for  in 
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these  oential  almost  fluid  contents,  two  portions  are  distingoishable — one 
ocoonii^  as  a  stream  moying  around  the  animalcule,  within  and  iqwn  the 
cortical  lamina,  the  other  as  a  thinner  central  medium,  apparently  quiescent, 
and  in  direct  communication  with  the  surrounding  water  through  the  diannel 
of  the  alimentary  tuhe  and  mouth.  To  the  first  only  of  these  two  poirtions 
Lachmann's  term  <  chyme '  is  rightly  applicable,  sinoe  it  no  doubt  repreaeais 
the  nutritive  material  drawn  from  the  dimentaiy  matters  swallowed,  and  to 
the  elaboration  of  which  the  watery  fluid  of  the  centre  most  likely  contributes. 
Both  portions  contain  food- vesicles,  granules,  and  molecules ;  but  the  former 
possesses  them  in  much  greater  abundance.  When  an  animalcule  dies,  the 
oentral  contents  are  the  first  to  escape,  streaming  forth  from  the  mouth  as  a 
diffluent  film  with  granules  and  molecules  imbedded  in  it ;  a  similar  diachaige 
and  '^  diffluence  "  also  ensue  when  the  protecting  envelopes  are  torn  through, 
and  the  more  so  when  some  pressure  is  at  the  same  time  exerted. 

The  following  quotation  from  T<achmftHTi  elucidates  very  weU  several  paints 
concerning  the  contents  of  the  body  in  general.  "  When,"  he  writes  (op.  di, 
p.  126),  **  an  Infusorium  is  sucked  out  by  an  Acineta,  tiie  cortical  layer  or 
parenchyma  of  the  body  may  often  contract  for  a  long  time,  and  the  c<m- 
tractile  vesicle  placed  in  it  may  also  continue  its  contractions  for  hours ;  nay, 
I  have  observed  a  Styhnychiu,  which,  although  a  considerable  part  of  its 
chyme  had  been  sucked  out  of  it  by  an  Acineta,  still  underwent  division,  so 
that  one  of  the  gemmules  of  division  swam  away  from  it  briskly,  and  only 
the  other  half  of  the  old  animal  was  destroyed.  This  appears  also,  to  a  oer- 
tain  extent,  to  prove  that  the  mass  sucked  out  does  not  represent  the  true 
parenchyma  of  the  body ;  and  as  it  only  fills  the  large  cavity  of  tiie  body  in 
the  form  of  a  tenacious  fluid  mass,  and  becomes  mixed  witii  the  nutritive 
matters,  especially  when  no  small  masses  are  formed,  it  is  certainly  the  most 
natural  course  to  regard  it  as  chyme.  It  cannot  be  urged  against  this  view, 
that  in  those  Infusoria  which  contain  chlorophyU-oorpuscles  in  the  substance 
of  their  bodies,  we  sometimes  meet  with  single  corpuscles  in  the  rotating 
mass,  as  they  may  certainly  be  easily  loosened  frt>m  the  par^iohyma,  and 
tiius  get  into  the  chyme-mass.  The  nucleus,  indeed,  projects  into  the  chyme- 
mass  ;  but  as  a  general  rule  it  appears  to  be  affixed  to  the  parendiyma  of 
the  body,  as  we  do  not  see  it  rotate  with  the  chyme-mass :  in  OperinUxria 
berberina,  Stein  sometimes  saw  the  nucleus  moved  a  little  out  of  ite  previous 
position  by  a  mass  of  food  striking  against  it ;  but  as  it  soon  returned  again 
to  its  position,  this  rather  speaks  for  tiian  against  its  attachment." 

Imbedded  within  the  cortical  layer  a  collection  of  remarkable  struotureB  is 
discoverable  in  many  species — ^for  instance,  in  Paramecium,  Ophryogltnaj  and 
Bunaria — ^known  under  the  name  of  thread-cells  or  trichocysts  (XXXI.  1-4). 
We  are  indebted  to  Prof.  Allman  for  the  minute  and  complete  examfnation  of 
these  bodies  (</.  M.  8. 1855,  iii.  p.  177).  He  believes  it  was  these  structures 
which  Oohn  represented  (as  mentioned  in  a  previous  page)  to  be  exoeedingiy 
long  dlia,  and  Tdiidi  Stein,  in  criticising  Golm's  account,  affirms  to  be  cilia  dT 
ordinary  length,  but  appearing  abnormally  lengthened  under  external  circum- 
stances, such  as  the  addition  of  strong  acetic  acid.  Prof.  Allman's  description 
is  the  best  we  have : — 

"When  Bwnaria  leucas  is  examined  under  a  sufficientiy  high  pofwer, 
minute  fusiform  bodies  may  be  detected  thickly  imbedded  in  its  walk. 
These  bodies  are  perfectiy  colourless  and  transparent ;  they  are  about  the 
^T^^th  of  an  inch  long,  and  may  easily,  even  without  any  manipulation,  be 
witiiessed  at  the  margin,  where  tiiey  are  seen  to  be  arranged  perpendiculaily 
to  the  outline  of  the  animalcule,  while  on  the  surface  turned  towards  the 
observer  the  extreme  transparency  and  want  of  colour  render  them  invisible 
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against  the  opaque  background,  and  it  becomes  necessary  to  emsh  the 
anirnalnnlft  beo^ath  the  oorering  glass,  so  as  to  jwess  oat  the  green  globules 
wfakh  it  contains,  in  fjfrdet  to  bring  the  fbsiform  bodies  into  view.  To  these 
bodies  I  propose  to  give  the  name  of  triehoeyttB, 

**  As  long  as  Ihe  animalcule  continues  free  from  annoyance,  the  tridiocysts 
undergo  no  change ;  but  when  subjected  to  external  irritation,  as  occurs  during 
the  dicing  away  of  Ihe  surrounding  water,  or  the  application  of  acetic  acid 
or  otiier  chemical  irritant,  or  the  too  fcmdlde  action  ^  the  ccmijoressor,  they 
beeiMne  suddenly  transformed  into  long  filaments,  which  are  projected  from 
all  parts  of  the  sorfiGu^  of  the  animal^e ;  and  it  is  these  filaments  which, 
being  mistaken  for  eiHa  by  Ck>hn  and  Stein,  gave  rise  to  the  errcmeous  views 
just  mentaoned. 

**  The  rapidity  with  which  this  remarkable  change  is  efl^ected,  jmned  with 
the  great  minuteness  and  transparency  of  the  object,  renders  it  extremely 
diffi^t  to  follow  it ;  and  for  a  long  time  I  could  only  satisfy  myself  of  the 
fiict  that  the  f^isiform  bodies  were  suddenly  replaced  by  the  projected  fila- 
ments. After  continued  observation,  however,  I  at  last  succeeded  in  wit- 
nessing the  principal  steps  in  the  evolution  of  the  filament. 

**  It  is  not  difficult,  by  rapidly  crushing  the  animalcule,  to  force  out  some 
of  the  trichocysts  in  an  unchanged  state.  If  the  eye  be  now  fixed  on  one  of 
the  isolated  trichocysts,  it  will  most  probably  be  seen  after  the  lapse  of  a  few 
seocaids  to  become  all  at  once  changed  with  a  peculiar  jerk,  as  if  by  the  sudden 
ndease  of  some  previous  state  of  tension,  into  a  little  spherical  body.  In  this 
condition  it  will  probably  remain  for  two  or  three  seconds  longer,  and  thai  a 
Sfonl  filament  will  become  rapidly  evolved  from  the  sphere,  apparently  by 
^e  rupture  of  a  membrane  which  had  previously  confined  it,  the  filament 
unrolling  itself  so  qoickly  that  the  eye  can  scarcely  follow  it,  until  it  ulti- 
matdy  Ues  straight  and  rigid  on  the  field  of  the  midx)scope,  looking  like  a 
very  fine  and  long  acicular  crystal. 

'*  This  remarkable  body,  when  completely  evolved,  consists  of  two  portions 
— a  rigid  spieolum-like  portion  acutely  pointed  at  <me  end,  and  continuous 
at  the  opposite  end  with  the  second  portion,  which  is  in  the  form  of  an  ex- 
cessive fine  filiform  appendage  less  than  half  the  length  of  the  spiculom : 
this  second  porti(m  is  generally  seen  to  be  bent  at  an  angle  im  the  first,  and 
is  fr^Njuently  more  or  less  curved  at  the  f^  end.  The  form  of  the  evolved 
^chocysts  is  best  observed  in  such  as  have  floated  away  towards  the  margin 
of  the  drop  of  water,  and  are  there  left  dry  by  the  evaporated  fluid.  In 
many  of  them  tiie  filiform  appendage  was  not  visible ;  and  they  then  merely 
presented  the  appearance  of  a  simple,  long,  ftisiform  spiculum. 

**  The  resemblance  of  the  organs  now  described,  to  the  well-known  thread- 
cells  <^  the  Pdypes  and  of  certain  other  lower  members  of  the  animal  king- 
dom, is  obvious.  That  they  are  entirely  homologous,  however,  with  these 
bodies  we  can  scarcely  yet  assert.  Their  origin,  at  least,  appears  to  be 
cfiiferent ;  for,  if  we  admit  the  unicellular  stmctnre  of  the  Infrisoria,  we  have 
the  trichocysts  apparently  developed  in  the  substance  of  the  cell-wall,  instead 
of  being  produced  in  flpecial  cells,  as  we  know  to  be  the  case  with  the  thread- 
cells  of  the  Polypes.'' 

These  structures  have  also  arrested  the  attention  of  Oscar  Schmidt, 
Leuckart,  and  Lachmann.  The  second-named  observer  surmised  them  to 
be  **  poison  oigans ; "  and  very  probably  they  have  a  defensive  purpose,  for  this 
is  suggested  l^th  by  AUman's  history  of  them,  and  by  Lachmann's  observa- 
taons  (op.  eit.  p.  126,  in  foot-note)  "  of  similar,  but  much  thicker  corpuscles, 
which  presented  a  deceptive  resemblance  to  the  urticating  organs  of  the 
CampanuUtriof,  in  an  animal  living  as  a  parasite  "  upon  individuals  of  that 
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fiunily  of  Polypes,  and  "  which  is  probably  to  be  referred  to  the  Adnetina 

In  the  oval  embryos,  ciliated  on  one  side,  which  were  squeezed  oat  of  the  body 
of  the  mother,  we  were  enabled  to  conyince  ourselves  that  these  corpusdes 
were  enclosed,  from  two  to  nine  together,  in  a  roundish  proper  vesicle ''  (cdl). 

MuscLBS. — Ehrenberg  presumed  the  existence  of  internal  muscles,  to  ex- 
plain the  varied  and  active  movements  of  the  Giliata, — a  presumption  required 
l^  his  hypothesb  of  the  repetition  of  the  orgamzation  of  higher  animals  in  aD 
lower  forms,  but  entirely  unwarranted  by  analogy.  Dujardin  considered  the 
whole  bulk  of  the  body  to  be  composed  of  '  sarcode,'  having  an  inherent  con- 
tractility, and  the  source  of  all  the  movements.  little  doubt  can  exist  that 
the  cortical  lamina  is  the  seat  of  contractility, — ^not  that  it  is  muscular  on  this 
account,  but  that,  as  animal  tissue  in  its  simplest  condition,  it  possesses  the 
property  of  contractility  as  one  of  the  characteristics  of  such  tissue,  along 
with  others,  such  as  sensibility,  all  which,  in  highly-organized  animals,  have 
severally  their  special  structure  elaborated  for  their  more  complete  operation 
and  independent  action.  In  short,  in  the  language  of  physiologists,  the 
tissues  in  more  perfect  animals  are  differentiated,  in  the  lowest  are  not  so. 

This  physiological  feujt  being  admitted,  the  existence  of  nerve-fibres  and  of 
nervous  centres,  or  ganglions,  can  be  no  more  than  imaginary.     The  same 
follows  of  the  supposed  organ  of  sense,  the  so-called  eye  of  GUruxUfUmny 
which  many  have  concluded  to  be  homologous  with  the  coloured  specks  of 
Protozoa,  of  Euglena,  and  the  Hke.     lieberkiihn's  observations  would  lead, 
however,  to  the  conclusion  that  the  eye-speck  of  Ophryoglena  rightly  deser?ed 
that  epitiiet,  and  is  something  more  than  a  pigment-spot.    His  account  <^  it 
runs  thus  (A.  N.  H.  1856,  xviii.  p.  321) :— "  Close  by  the  oral  slit,  on  itB 
concave  side,  lies  the  pigment-spot.    Its  form  is  extremely  irregular,  some- 
times globular,  sometimes  ellipsoidal,  in  many  cases  toothed.    Ordinanly  it 
is  so  distinct  as  to  be  ^t  once  perceived ;  sometimes,  however,  it  is  so  small 
that  it  can  only  be  detected  by  dose  examination.     In  animalcules  filled  with 
strongly-refracting  substances  alone,  it  is  always  difficult  to  discover  it.     The 
pigment-spot  of  ^hryoglena  atra  has,  on  the  whole,  more  uniformity  of  form 
and  magnitude.     If  we  squeeze  down  an  Ophryoglma  flavieam  between  the 
covering  glass  and  the  slider,  we  find  that  the  pigment-spot  is  composed  oi  a 
heap  of  minute,  scarcely  measurable  granules,  strongly  refracting  light    I 
never  could  discover  a  lens  in  the  pigment.    All  the  specimens  examined  by 
me  possessed  but  a  single  -pigment-spot.     Beside  this  Ues  always  a  hitherto 
unobserved  structure,  the  form  of  which  is  perfectly  described  when  we  call  it 
a  watch-glass  on  a  small  scale.    Tlus  watch-glass-like  organ  is  transparent 
and  colourless,  and  shows  no  trace  of  fibrous  or  any  other  structure.    The 
drcular  base  has  a  diameter  of  about  y^th  of  a  millimetre;  its  depth 
amounts  to  about  a  third  part  of  tins  diameter ;  the  convexity  is  very  con- 
siderable.     The  watch-glass-shaped  organ  usually  turns  its   convex  side 
towards  the  pigment-spot ;  its  concave  side  is  directed  towards  the  point  of 
the  head ;  it  does  not  seem  to  be  moveable  by  the  animalcule.   When  isolated, 
it  withstands  the  action  of  water  for  a  longer  time  than  is  usually  the  case 
with  the  other  parts  of  the  body  of  this  In^isorium.     After  lying  some  time 
in  water,  it  swells  up  in  some  d^ree,  and  frequentiy  becomes  perforated  by 
a  hole  in  the  middle.    The  presence  of  the  watch-g^bass-shaped  organ  is  not 
dependent  on  the  presence  of  a  pigment-spot ;  for  Ophryoglena  atra  possesses 
a  pigment-spot,  but  no  watch-glass-shaped  oi^gan,  while  Bwrsaria  flava  has 
a  watch-glass-shaped  oi^gan,  but  no  pigment-spot.    In  other  Infusoria  with 
eye-spots,  as  in  the  EuglencB  and  PeridinicBa,  I  have  sought  in  vain  for  this 
organ.     I  have  not  met  with  any  facts  throwing  light  on  its  function.*' 

Notwithstanding,  in  the  interior  of  the  COiated  Protozoa  there  is  not  an 
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actual  homogen^t  J  fii  tiBsae.  Hie  act  of  dilferentiatioii  is  carried  so  hr  that 
eertain  distinct  organs  and  parts  become  distinguishable.  Thus  there  is  a 
month  or  oral  orifice  for  the  entrance  of  food^  sacceeded  by  a  dilated  cayity — 
an  (Bsophagns  or  pharynx,  which  is  contracted  posteriorly  into  a  tabular 
prolongation  of  yarious  length,  homologous  with  a  digestive  or  alimentary 
tabe.  Apart  from  t^iis  rudimentary  alimentary  apparatus,  numerous  globular 
or  vefflcuiar  spaces  containing  granular  particles  or  objects  evidently  swallowed, 
are  met  with  in  the  general  loose  contents  of  the  body ;  these  were  the  di- 
gestive sacs,  or  stomach-vesicles,  so  much  insisted  upon  by  Ehrenberg ;  other 
indoded  organs  are  the  contractile  vesicle,  a  certain  striated  cylindrical  organ 
in  one  or  two  genera  described  by  Ehrenberg  as  a  dental  cylinder  or  teeth, 
the  nndeus  witii  usually  its  nucleolus,  the  red  speck  (eye)  in  OphryogUna, 
and  in  one  genus  a  pair  of  organs  imagined  by  Steru  to  be  glandular.  To 
these  contents  Carter  adds  speimatozoida,  and  Perty  internal  germs  or  ovules. 

We  have  already  mentioned  chlorophyll-corpuscles  in  some  genera,  and 
the  general  prevalence  of  &t-vesiclee  and  granules  interspersed  within  the 
substance  of  the  body,  or  collected  into  a  layer  as  in  several  of  the  VorH- 
ceUina ;  the  collection  of  fjBit-corpuscles  is  remarkable  in  the  contracted  portion 
or  base  above  the  point  of  attachment,  whether  this  be  by  a  pedicle  or  not. 
"  Perhaps,"  he  adds,  "  the  transverse  annulations  which  are  eidiibited  by  the 
bodies  of  some  VortieeUina  are  to  be  attributed  to  muscular  fibres ;  at  all 
events  they  do  not  belong  to  the  skin,  but  to  the  parenchyma  (i.  e,  ike  cor- 
tical lamina)  of  the  body." 

Lately,  Lachmann  has  broached  the  hypothesis  that  an  actual  muscular  stra- 
tum Kes  within  the  cortical  layer.  He  writes  (A.  N.  H.  1 867,  xix.  p.  228) — **  I 
was  so  fortunate,  in  common  with  my  friend  CSaparMe,  as  to  observe  an  indu- 
bitable separate  contractile  layer,  in  which  longitudinal  strisB  were  generally 
to  be  detected  in  various  Vorticellina,  in  which  Ehrenberg  states  that  he  saw 
muscular  strisB  at  the  posterior  extremity.  It  forms  a  hollow  oone,  the  apex  of 
which  is  situated  in  the  hinder  extremity  of  the  animal,  and,  in  the  contrac- 
tile-stemmed species,  is  produced  into  the  muscle  of  the  stem :  in  its  apparent 
section  it  of  course  appears  Hke  two  small  fibres  separating  from  eadi  other 
Hke  a  fork — as  which,  indeed,  it  has  hitherto  been  always  regarded,  except 
by  Ehrenberg.  This  layer  is  very  beautifully  seen  in  E^iatylis  pUeatHis,  in 
whidi  we  may  most  completely  convince  ourselves  that  it  is  a  special  stratum, 
which  possesses  contractility.  In  Epistylis  pUeatiUs,  namely,  during  the  con- 
traction of  this  stratum,  the  non-contractile  part  of  the  parenchyma  which 
surrounds  it,  with  the  skin  covering  it,  separates  from  the  contractile  layer, 
and  forms  the  well-known  folds,  whilst  the  contractile  or  muscular  layer  be- 
comes shortened  and  thickened  without  folding." 

Oboaks  op  DiGBsnoir,  Nutrition,  aitd  SscBETioir. — ^To  take  the  several  parts 
or  oigans  in  succession,  we  will  first  consider  those  concerned  in  the  processes 
of  digestion  and  nutrition,  beginning  with  the  oral  orifice  or  mouth.  This  is 
varirasly  situated  in  dijSerent  CiHata,  its  position  having  reference  to  the  figure 
and  the  mode  of  life,  and  being  generally  indicated  by  the  particular  provi- 
sion made  to  secure  a  proper  current  of  water  into  it,  such  as  a  tuft,  a  curved 
row,  or  a  circlet  of  larger  cilia,  a  process  or  a  depression  of  the  body,  the  axis 
of  a  convolution  of  the  surface,  and  the  like.  Thus  in  Laerymaria,  Enchelys, 
Pr&rodon,  ColepSy  &c.,  it  is  at  the  anterior  narrower  extremity ;  in  Traehelius 
and  AmpMleptus  it  has  a  similar  position,  but  is  besides  under  cover  of  a 
process  of  the  body.  In  Ohilodon  a  still  larger  segment  surmoimts  it ;  in 
Nassula,  Paramecium  (XXIX.  28),  and  in  Pleuronema  (Buj.)  it  is  lateral; 
and  lastly,  among  the  VartieeUina  it  is  within  an  involution  of  the  integu- 
ment of  the  hea^,  called  the  ^  vestibulum,'  on  one  side  of  the  ciliated  disk 
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(XXX.  1,  2).  The  opening  of  this  vestibule  or  ante-ioom  to  the  entrance  of 
the  digestive  tube,  i.  e,  the  mouth,  should  not  be  confounded  with  the  latter, 
as  often  has  been  done.  A  funnel-like  hollow  having  the  true  oral  aperture 
at  its  bottom,  is  met  with  in  Parameciwny  and  may  have  the  €ame  appellation 
extended  to  it.  Among  the  processes  about  the  mouth  facilitating  the  inglu- 
tition  of  food,  we  have  just  alluded  to  the  wreaths,  rows,  and  tufts  of  dlia, 
mostly  large  and  strong  like  bristles,  and  to  special  developments  of  the  sur- 
face of  the  body.  Several  species  possess  a  tuft  of  cilia  almost  indistinguish- 
able from  a  plaited  membrane ;  for  instance,  Colpoda  CuovUus  (XXIX.  37) 
and  OhUodon  Cucullidus  have  what  Ehrenberg  called  a  tongue,  but  which,  as 
we  have  seen.  Stein  has  resolved  into  a  thick  pencil  of  ciliary  bristles.  A 
similar  stracture  prevails  in  Pleuronema  and  Alysmm  (Buj.),  in  CydUUum 
and  Jphihonia  (Perty).  In  Glaucoma  (XXVIII.  4)  and  Cydidium  marga- 
fitaceum,  ^'  the  margins  of  the  buccal  orifice  appear,"  says  Lachmann  (op.  cU. 
p.  216),  "  to  be  produced  into  two  valves  which  are  in  constant  motion."  A 
special  curved  or  spirally-turned  row  of  cilia  directs  a  current  into  the  mouth 
in  Stentor,  Spirostomvm,  Bttrsaria,  Chcetospira  (XXIX.  5,  6),  OxytriMnOf 
Eu^htes,  and  Aspidiseina,  and  a  nearly  straight  row  in  Chilodon  and  Colpoda. 
In  Coleps,  Trachelius,  Enchelys,  and  Trachehcerea,  the  mouth  opens  imme- 
diately upon  the  surface  without  any  conducting  ciliary  channel,  and  is  sur- 
roimded  by  a  simple  circle  of  cilia.  The  mouth  is  protrnsible  in  Prorodon  and 
Nassula  (XXVIII.  8,  65),  and  not  distinguished  by  any  special  external  array 
of  cilia.  In  the  true  VorticeUina  and  in  the  Ophrydina,  as  above  mentioned, 
the  complex  ciliary  apparatus  directs  the  curr«it  into  a  cavity,  the  vestibu- 
lum  common  to  both  the  mouth  and  anus ;  and  lastiy,  in  Paramecium  the 
cilia  are  uniform  at  all  parts,  and  the  course  of  food  to  the  mouth  provided 
for  by  a  wide  and  deep  tapering  channel.  In  size  the  mouth  varies  both  in 
different  genera  and  in  iplation  to  the  dimensions  of  the  animals ;  but  in  all  it 
is  more  or  less  extensile,  so  that  foreign  particles  or  other  animalcnles  are 
engulfed  within  it  even  when  their  diemieter  equals  that  of  the  body  itself. 

The  oral  aperture  opens  below  into  a  rudimentary  digestive  tube  (XXVII. 
1,  10,  11 ;  XXIX.  4 ;  XXX.  1,  11,  29),  formed  by  an  involution  of  the  ex- 
ternal integument.  It  is  commonly  a  funnel-shaped  space,  which,  for  the 
sake  of  a  name,  may  be  called  the  pharynx  or  digestive  tube ;  within  this, 
and  especially  near  its  entrance,  a  few  vibratile  cilia  are  mostiy  seen,  serving 
by  their  action  to  accelerate  the  onward  transmission  of  the  particles  of  fDod. 
lie  walls  of  this  cavity  are  formed  by  a  special  very  extensile  membrane, 
which,  as  supporting  the  internal  cilia,  may  be  called  a  *  basement  mem- 
brane.' The  pharynx  extends  (as  a  gentiy  tapering,  mostiy  curved,  tube) 
obliquely  inwards  towards  the  centre  of  the  general  cavity  of  tiie  body,  where 
it  abruptiy  ends.  Its  length  is  subject  to  considerable  variation  in  <^£ferent 
genera.  In  Paramecium  and  allied  genera,  and  in  Oxytrichina,  it  is  short  and 
of  greater  relative  width ;  in  Chilodon,  Nasmla,  Prorodon,  and  others  it  is 
continued,  from  the  posterior  extremity  of  the  so-called  cylinder  of  teeth,  far 
into  the  interior.  It  is  also  of  very  considerable  length  in  the  VorticdUna 
generally,  as  illustrated  by  Epistylis  and  Opercularia  (XXX.  1). 

"  In  Ehrenberg's  families,"  Lachmann  teUs  us  (op.  di.  p.  217),  "  O^tytri" 
china,  Euplotes,  and  Astpidisdna  (as  also  in  Stentor,  Bursaria,  and  SpirosUh' 
mum),  we  meet  with  an  internally  ciliated  oesophagus,  and  a  curved  line 
open  towards  the  right,  composed  of  strong  cilia  leadmg  to  the  mouth."  This 
oesophagus  always  forms  "  an  open  tube,  and  is  often  collapsed  at  its  inner 
extremity,  and  tiius  forms  a  transition  to  the  oesophagus  of  the  foUowiog 
groups. 

"  Many  Infusoria,"  he  continues,  "  have  a  completely  collapsed  oesophagus, 
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whidiy  as  fi^niiiig  a  tube  distinot  from  the  pareochjma  of  the  body,  and 
hftngiTig  freely  in  the  alimentary  cavity^  is  periuqw  entirely  wanting  in  some 
^eeies ;  at  least,  I  have  hitherto  been  unable  to  detect  it  in  Amphileptm^ 
most  species  of  TrachdiuBy  Enchelys,  Colept^  and  Trachelocerca,  in  which  it 
only  appeared  to  be  a  canal  through  the  parenchyma  of  the  body :  and  these 
are  generally  incapable  of  forming  roundish  morsels  like  the  species  hitherto 
mider  consideration ;  but  they  usually  swallow  larger  partides,  which  then 
pass  separately  into  the  cavity  of  the  body,  often  even  without  being  aooom- 
panied  by  water.  It  is  very  difficult  to  determine  whether  the  oesophagus  of 
these  animals  is  fiiniished  internally  with  cilia.  In  some,  such  as  Colep§p 
this  almost  appears  to  be  the  case :  these  swim  to  any  slimy  mass,  such  as  a 
deliquescent  Infusorium,  press  the  anterior  extremity  of  the  body  against  it, 
and  open  the  mouth  and  oesophagus,  which  are  usually  dosed,  so  as  to  form 
a  wide  canal ;  the  mass  lying  before  the  Coleps  then  passes  through  this  canal 
into  the  interior  of  its  body,  apparently  without  any  swallowing  movements 
on  its  part,  so  that  it  can  hardly  be  dnven  in  except  by  ciliary  action.  In 
others,  on  Hie  contrary,  the  cilia  of  the  oesophagus  appear  to  be  wanting,  as 
in  AmpMUptus^  EnehelySf  TrachelitM ;  these  perform  regular  movements  of 
deglutition,  in  order  to  overcome  their  prey,  which  usually  consists  of  Infu- 
soria of  tolerable  sise :  they  push  themselves,  as  it  were,  with  swallowing 
motions,  like  the  Snakes,  over  their  prey  (so  that  they  can  very  rarely  be  fed 
with  colour) ;  and  this  never  forms  stomach-like  morsels,  except  when  it  is 
contained  in  this  form  in  the  InAisoria  devoured." 

BioitACH-SA.C8.  The  Foltoastbic  Htpothbsis. — ^The  next  organs,  con- 
cerned with  digestion,  to  be  considered,  are  the  stomach-sacs  or  vesicles  of 
Ehroiberg— the  "  digestive  globules  "  of  Mr.  Carter  (XXVin.  8/).  The 
former  has  described  these  to  be  disposed  after  certain  definite  types,  which 
form  l^e  basis  of  his  system  of  classification  of  the  Polygastrica.  To  describe 
these  types,  we  must  premise  that  the  families  comprised  in  our  group  of 
Ciliated  Protozoa  represent  the  Enterodela  of  the  Berlin  naturalist,  or  those 
Poiygoftrica  having  a  true  alimentary  canal  uniting  the  stomach-sacs  together, 
and  continuous  throughout  from  the  mouth  to  the  assumed  discharging  orifice. 
The  EnUrodela  were  subdivided  into  sections  according  to  the  relative  posi- 
tions of  the  mouth  and  anus.  The  first  of  these  was  named  Anopigthiay  in 
which  the  intestine  was  so  curved  upon  itself  that  its  two  extremities  were 
conterminous  in  one  i^rtnre,  which  therefore  served  the  double  office  of  a 
receiving-  and  a  discharging-onfice.  This  curvature  of  the  intestine  further 
suggested  the  term  Cychcoda  to  express  it.  The  families  in  this  section  were 
VorUedUna  and  Ophrydina,  The  next  section,  called  Enanttotrekif  induded 
animalcules  in  which  the  oral  and  the  anal  apertures  were  at  opposite  ends  of 
the  body.  When  this  was  the  case,  the  intestine  might  either  pass  straight 
between  the  openings,  or  be  more  or  less  twisted  in  its  course :  in  the  former 
case,  the  Polygastriea  were  called  OHhoccela ;  in  the  latter,  Campylocoda. 
The  EncheUa  and  Colepina  were  the  two  families  of  EMntioireta.  The  third 
section  was  the  AUotreta,  having  one  orifice  terminal,  and  the  other  lateral, 
and  the  fourth  the  Catotreta,  having  the  two  orifices  on  the  same  side,  not 
tenninal  but  abdominal.  The  members  of  these  two  last  sections,  lastly,  had 
either  a  straight  or,  more  commonly,  a  contorted  intestine,  or,  in  other  words, 
were  either  Orthoccela  or  Campylocoela. 

Such  is  an  outline  of  Ehrenberg's  views  of  the  alimentary  apparatus  of  the 
Ciliated  Protozoa,  as  advanced  in  his  great  work  of  1838,  and  never  since  re- 
called. They  rested  chiefly  on  some  imperfect  observations  and  experiments 
mode  with  coloured  food,  and  have  failed  to  be  confirmed  in  the  hands  of 
other  microscopiBts.     Allliough  diligently  sought  after,  no  one  has  been  able 


Digitized  by  VjOOQ IC 


804  eKKBRAX  HIBTOBT  OF  THX  IirFUSOUA. 

to  demonstrate  the  intestine  connecting  together  the  several  gastiio  cavities ; 
and  what  is  of  more  weight  than  the  abs^ce  of  direct  eyidence,  are  certain 
&cts  sabyersiYe  of  the  notion  that  any  such  tube  exists, — yiz,  the  irregularity 
in  the  course  taken  by  the  bolus  of  food  when  transmitted  into  the  interior ;  the 
intermingling  of  the  first-  and  last-swallowed  morseb;  the  movements  hither 
and  thither,  and  the  actual  rotation  within  the  interior  of  the  globules  called 
stomach-sacs ;  the  occasional  coalescence  of  these  sacs,  and  the  not  in£requait 
occurrence  internally  of  frustules  of  DiatomecB  and  joints  of  various  micro- 
scopic AlgSB  of  great  relative  length  to  the  animalcule  (XXVIII.  31) — some- 
times, indeed,  so  long  as  to  stretch  the  soft  body  itself  (XXVIII.  1).  On  ^e 
strength  of  these  facts,  coupled  with  the  absence  of  demonstrative  evidence 
of  its  truth,  the  polygastric  theory,  and  the  system  of  classification  founded 
upon  it,  have  together  been  all  but  universally  rejected. 

Meyen  was  one  of  the  first  seriously  to  examine  the  statements  of  Ehren- 
berg :  his  conclusions  were  quoted  at  large  in  our  last  edition.  He  rejected 
the  polygastric  hypothesis  because  he  failed  to  discover  the  connecting  intes- 
tinal tube  represented  by  Ehrenberg,  and,  on  the  other  hand,  detected  the 
rotation  and  coalescence  of  the  assumed  stomachs.  His  views  of  internal 
organization  closely  tally  with  those  now  generally  admitted.  He  recognized 
the  digestive  tube,  the  formation  of  the  globule  of  food  at  its  apparently  op^i 
termination,  and  its  onward  course  into  the  interior  of  the  animalcule,  where 
it  constituted  one  of  the  supposed  stomach-sacs.  He  seems,  indeed,  to  have 
imagined  a  sort  of  stomach-like  dilatation  at  the  end  of  the  alimentary  canal, 
which  served  to  Hmit  the  dimensions  of  the  food-globule  there  formed.  The 
circulation  of  the  globules  he  attributed  to  the  force  of  d^lutition  and  to 
the  pressure  of  others  subsequently  swallowed :  the  residue  left  after  diges- 
tion he  described  as  escaping  by  an  anus. 

An  extract  from  Mr.  Carter's  valuable  paper  {A,  N.  H,  1856,  xviii.  p.  123) 
may  with  propriety  be  introduced  here.  ^*  I  cannot,"  he  says,  '^  with  some 
others,  think  that  there  is  any  intestinal  canal  in  the  abdominal  cavity,  be- 
cause the  digestive  globules  and  other  particles  of  food  are  constantly  under- 
going circulation  round  the  whole  of  its  interior.  In  VarticeUa,  particles  of 
food  may  occasionally  be  seen  to  circulate  throughout,  and  accumulate  in 
every  comer  of  its  interior,  particularly  those  whi<^  do  not  happen  to  be  en- 
closed in  globules.  Moreover,  the  intimate  resemblance  which  exists  between 
the  alimentary  organs  of  higher  Infhsoria  (vii.  Nassula,  Otostoma,  &c.)  and 
those  of  the  binocular  and  so-called  blind  Planariw — ^in  the  distance  of  the 
mouth  from  the  anterior  extremity,  the  presence  of  a  buccal  apparatus,  and  a 
simple  sac-like  stomach  in  the  latter,  lined  with  a  layer  of  mucous  substance 
(sanx>de  ?),  charged  with  the  '  spherical  cells '  about  to  be  described — ^is  so 
great,  that,  with  such  a  simple  gastric  organ  in  an  animal  so  closely  allied  to 
tiiese  Infusoria  as  Planaria,  1  do  not  see  what  reason  we  have,  in  descending 
the  scale,  to  expect  a  more  complicated  digestive  apparatus,  but,  on  the  con- 
trary, one  still  more  simple,  in  which  there  would  be  no  stomach  at  all, — a 
condition  which  appears  to  me  to  be  common  to  all  the  Infrisoria  that  have 
come  under  my  notice." 

The  results  of  actual  observation  show  that  food  is  drawn  into  the  mouth 
by  the  action  of  its  surrounding  cilia,  and  is  thence  transmitted  rapidly  through 
the  pharynx  and  its  continuation,  the  digestive  tube,  into  the  loose  tissue  of 
the  interior,  assuming  at  first  an  elongated  oval  shape,  but  which  soon  changes 
to  globular  in  its  passage.  The  food  so  introduced  appears  mostly  like,  a 
minute  drop  of  water  holding  some  solid  partides  in  suspension,  and  presents 
a  clear  areola  around  a  darker  centre.  Its  course  in  the  interior  seems  to 
depend  on  the  varying  force  of  projection  exerted  by  the  contractility  of  the 
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tube  behind  it  and  by  the  primary  impetus  given  it  by  the  action  of  the  cilia ; 
thus,  the  more  rapidly  it  is  propelled,  the  greater  is  the  drcuit  it  describee. 
Stein  represents  it  to  make  a  wide  spiral  curve  of  one  or  two  gyrations  in 
Opereulariay  and  in  0.  herberina  to  escape  finally  by  a  determinate  discharg- 
ing orifice  sitoated  at  the  bottom  of  the  vestibule.  In  this  latter  species,  he 
moreover  describes  the  impetus  of  the  swallowed  portion  ta  be  so  strong  as 
to  drive  tiiie  nucleus  from  its  usual  position.  Although  a  discharging  orifice 
in  a  particular  site  is  thus  referred  to  by  Stein  in  the  Opercularia  herberina, 
yet  at  another  page  (p.  17)  he  says,  generally,  that  he  has  been  unable  to  de- 
tect such  a  fixed  vent  in  any  animalcule,  but  that  where  the  excreted  matters 
do  not,  as  in  CkHochn  and  other  species,  escape  by  the  mouth,  they  make 
their  way  to  one  particular  r^on  of  the  body,  through  which  they  escape, 
not  by  an  opening  with  a  visible  margin,  but  through  a  rupture  of  the  in- 
tegument, which  closes  up  and  disappears  immediately  after  their  exit. 

This  i^oduction  of  a  fortuitous  opening  for  the  escape  of  the  excreta,  had 
been  previously  described  by  Bujaidin  as  general  in  the  Oiliata.  Siebold,  on 
the  contrary,  upheld  the  opposite  opinion  of  the  existence  of  a  defined  anal 
aperture  among  them.  In  most  Stomatoda,  the  anus  (he  writes)  is  generally 
sitoated  at  the  opposite  extremity  of  the  body  to  the  mouth,  and  on  the  under 
snr&oe ;  but  where  it  is  absent,  the  mouth  serves  both  as  inlet  and  outiet,  as 
among  the  Polypes.  Cohn  admits,  at  least  in  certain  cases,  the  presence  of  a 
definite  anus  ;  for  in  his  recent  figures  of  Nassula  elegans  (ZeitBchr,,  1858) 
he  indicates  such  an  aperture  (XXVTII.  11  <^).  Lachmann  is  very  positive 
on  this  question.  He  states  (op.  cU.  p.  127)  that  "  a  long  and  careful  ob- 
servation of  an  individual  will  always  show  that  the  faeces  are  invariably 
thrown  out  at  the  same  part  of  the  body ;  and  in  many  Infiisoria  we  may 
frequently  recognize  the  anus  in  the  form  of  a  small  pit  on  the  surface  of  the 
•oimal,  even  for  a  considerable  time  before  and  after  excretion  (this  is  often 
the  case  in  Barttmeeium  AureUa,  P,  Burmria,  and  Stentor).  That  the  faeces 
are  not  forced  throng  the  parenchyma  at  any  point  on  the  surfetce  of  the 
body,  is  proved  especiaUy  by  the  careful  observation  of  Spirostomwn  amhi- 
gmam,  and  some  new  aniirnalB  which  are  to  be  united  with  tiie  Stentan  in  one 
feunily.  In  the  former,  the  anus  is  situated  at  the  hinder  end  of  the  animal ; 
and  dose  in  front  of  it  is  the  very  large  contractile  vesicle.  When  fully  ex- 
panded, this  vesicle  appears  to  be  surrounded  only  by  a  thin  membrane ;  but 
nevertl^less  we  see  balls  of  excrement,  often  several  at  the  same  time,  on 
diffcfent  sides  of  the  vesicle,  separating  the  laminse  of  its  apparentiy  simple 
eoveting,  and  forming  projections  which  are  often  nearly  hemispherical  both 
towards  the  vesicle  and  the  outer  surfEUse  of  the  body.  If  masses  of  excre- 
ment do  usually  penetrate  through  the  parenchyma  of  the  body,  we  should 
expeet  it  to  be  the  case  here  when  the  tension  of  this  is  so  great ;  we  should 
also  expect  to  see  the  masses  of  excrement  pass  into  the  contractile  space,  if 
it  were  not  a  vesicle  but  only  a  space  in  the  parenchyma  without  proper 
Wills.  Neither  of  these  things  occurs,  however;  the  faecal  masses  are  not 
deposited  from  the  body  until  they  have  reached  the  anus  at  the  hinder  ex- 
tremity of  the  body.  A  similar  strong  expansion  of  a  thin  part  of  the  body 
by  itBcal  masses,  without  any  rupture,  is  seen,  as  already  mentioned,  in  some 
new  StetUormOy  which  are  distinguished  from  the  genus  Stentor  by  their 
having  that  part  of  the  parenchyma  of  the  body  which  bears  the  ciliary 
spiral  and  the  anus  (which  in  all  the  Stentorina  lies  on  the  dorsal  sur&ce  <^ 
the  body  dose  under  the  ciliary  spiral,  and  not  in  a  common  pit  with  a  moutii) 
drawn  out  into  a  thin  process.  In  one  genus,  of  which  I  observed  two  species 
(one  is  the  Vortiedlina  an^puUa  of  0.  F.  Miiller)  in  company  with  E.  Clapa- 
nede  on  the  N<vwegian  ooaet,  and  which  I  will  describe  elsewhere,  this  pro- 
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cess  is  broad  and  foliaoeoos,  and  bears  the  rows  of  cilia  on  the  margin,  whilst 
the  anus  is  placed  far  up  on  the  dorsal  surface  of  a  thin  plate.  In  the  other 
genuSy  Chcetospira  (Lachmann),  observed  by  me  in  fresh-water  near  Berlin, 
the  process  is  narrow  and  bacillar ;  the  series  of  cilia  commences  at  its  free 
extremity,  and  only  forms  a  spiral  when  in  action  by  the  rolUng  up  of  the 
lamina ;  in  this  genus  also  the  process  bears  the  anus.  In  both,  feecal  masses 
which  are  thicker  than  the  process  in  its  extension,  pass  through  it  to  the 
anus,  without  breaking  through  it,  notwithstanding  the  great  expanaon  of 
its  walls. 

**  Not  unfrequently  several  balls  of  excrement  unite  into  a  large  mass 
before  the  anus,  in  order  to  be  passed  out  together.  When  an  excretion  takes 
place,  the  anus  is  seen  to  open,  (but  often  closes  once  more  and  opens  again 
before  the  expidsion  of  the  masses  is  effected),  and  then  the  faooal  masses  are 
often  expelled  slowly." 

He  further  describes  the  situation  of  the  anus  in  Ehrenberg's  Oxytruihina 
and  Euplota,  in  Colpodea  with  the  exception  of  the  species  of  AmphiUptM 
and  Ui'oleptua,  in  the  Cydidinay  and  in  Olauaoma,  TrachdiuSy  Chilodon,  and 
Natstda,  to  be  on  the  ventral  surface  near  the  posterior  extremity,  or  ut  the 
posterior  extremity  itself.  In  Bursaria  and  S^irostomum  it  is  placed  at  the 
posterior  extremity,  as  also  more  commonly  in  Col&ps,  Enchelys,  and  Trw^u^ 
locerea.  In  the  SterUorina  it  occurs  on  the  back  dose  beneath  the  series  of 
cilia,  and  in  Chilodon  Querdhdus  it  is  nearly  on  the  right  margin  of  the  body 
near  the  hinder  end.  Among  the  true  VorticelUna  and  Ophrydina  the  anus 
opens  into  the  vestibule  very  close  to  the  oral  aperture,  a  stout  curved  bristle 
being  placed  between  the  two  (XX  TX.  2  e,  i). 

Excepting  on  this  point  of  a  preformed,  constant,  and  definite  discharging 
orifice,  there  is  among  microscopists  an  almost  universal  accord  in  the  pre- 
ceding account  of  the  phenomena  connected  with  the  reception  and  digestion 
of  food.  It  would  be  a  useless  expenditure  of  space  to  insert  even  sn 
epitome  of  the  observations  and  arguments  of  only  the  most  eminent  of 
modem  naturalists  who  coincide  with  it ;  it  will  be  sufficient  to  cite  their 
names  and  their  contributions  on  the  subject : — ^Meyen,  in  Edinb.  PhU.  Jowm. 
vol.  xxviii. ;  Dujardin,  Histoirs  dei  InJvsoire$,  X841 ;  Siebold,  Anatomie  der 
WirheUosen  TMere,  1848  ;  Boek,  OJcen's  IsiSf  1848 ;  Wagner,  Zootonde,  sect 
Infusoria,  1848 ;  Van  der  Hoeven,  LehrJmch  der  Zootomie,  1850 ;  LeudEart, 
in  Van  der  Hoeven's  new  edition,  1856;  Stein,  Die  Infutioneihiere,  1854; 
Lachmann,  "0»  the  Organisation  of  the  Infu8oria,"A.N,H,  1857,xix. ;  Garter, 
Huxley,  and  Carpenter ;  indeed,  all  British  authorities,  with  whose  works  we 
are  acquainted,  who  have  written  on  the  subject.  This  is  certainly  a  long 
array  of  authorities  against  Ehrenberg's  theory  of  polygastric  organisation ; 
and  almost  the  only  advocate  be  has  found  on  his  side  is  Eekhard,  once  a 
pupil  of  his  own.  This  gentleman  has  published  some  observations  which 
seemed  confirmatory,  but  are  undoubtedly  erroneous  in  several  partioulars. 
The  following  remarks,  bearing  specially  on  the  subject  at  present  under  eon* 
sideration,  may  be  quoted : — 

He  writes — "  In  such  forms  as  are  not  too  minute,  we  can  distinctly  see 
how  the  nutriment,  artificially  supplied,  constantly  takes  a  definite  course  in 
the  body :  in  some  instances  the  first  portion  of  the  alimentary  tube  can, 
when  not  in  action,  be  observed,  as  in  E^pistylis  grandis ;  it  is  then  frequently 
seen  to  be  covered  on  the  inner  surfSace  with  ciUa,  whidii,  in  the  OfpereuUaria, 
may  even  be  counted.  But  that  this  alimentary  canal  does  not,  after  a  short 
course,  terminate  abruptly  in  the  body,  can  also  be  proved  in  the  Epis^Ue 
grandis, 

**  In  this  animalcule  a  portion  of  colouring-matter  swallowed  is  seen  to 
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oourae  akmg  an  intestine  and  enter  a  cell.  I  also  onoe  attentively  obeeired 
what  appeared  to  be  the  extremity  of  the  intestinal  canal,  to  ascertain  what 
ike  foitiier  course  of  the  coloured  particles  would  be.  At  this  time  the  animal 
had  not  filled  any  of  the  cells  in  its  inside ;  suddenly  two  lateral  cells  became 
filled,  although  I  did  not  perceive  any  nutriment  pass  along  the  common  tube. 
This  dearly  points  out  that  the  two  cells  must  be  in  connexion  with  the  com- 
mon cavity  from  which  they  had  become  filled ;  and  when,  after  the  animal 
has  fed  for  a  considerable  time,  we  see  that  similar  filled  cells  are  difPosed 
throughout  the  body,  this  phenomenon  affords  a  ground  for  the  supposition 
that  the  intestinal  cavity  is  of  greater  length  than  we  should  at  &st  sight 
imagine."  (Wiegmann's  Archiv,  1846,  translated  in  A,  N.  H,  1847,  xviii. 
p.  433.) 

M.  Pouchet,  of  Bouen  (CompUs  RenduSy  xxviii.  pp.  82-516),  has  also 
adopted  Ehrenberg's  notion  of  definite  gastric  cells,  but  has  been  unable  to 
convince  himself  of  the  connecting  intestine.  Mr.  Samuelson  also  {J.  M.  3. 
1856,  p.  165;  1857, p.  104)seems  to  coincide  with  this  view;  but  in  his  se- 
veral papers  on  Gflaueoma,  cited,  there  occur  variations  in  description,  which 
vary  mi^h  detract  from  their  weight  in  deciding  on  any  disputed  point. 

Lachmann  gives  the  following  details  (A,  N,  H,  xix.  p.  118) : — <<  The  vesti- 
buhim  continues  the  spiral  line  formed  by  the  row  of  cilia,  constituting  a  bent 
tube,  which  contains  a  portion  of  this  spire  of  cilia.  In  accordance  with  the 
direction  of  Ihis  spiral,  the  concavity  of  the  tube  is  turned  towards  the  right, 
and  its  convexity  towards  the  left :  on  the  convex  side  the  lumen  of  the  tube 
is  stiU  more  enlarged,  especially  in  the  parts  placed  furthest  inwards,  where 
the  anus  opens.  Between  the  anus  and  the  mouth  which  leads  ftirther  in- 
wards into  the  oesophagus  springs  a  bent  bristle,  which  is  generally  long 
enough  to  project  outwards  beyond  the  peristome.  This  bristle  is  stiff,  and 
is  oaily  displaced  a  little  to  one  side  occasionally,  when  balls  of  excrement, 
which  are  too  thick  to  pass  between  it  and  the  wall  of  the  vestibulum,  are 
thrown  out  from  the  anus ;  but  it  immediately  returns  again  to  its  old  position. 

«  From  the  mouth  a  short  tube,  the  cssophagus,  with  a  far  smaller  lumen 
than  the  vestibulum,  leads  to  a  rather  wider  fiisiform  portion,  which  we  will 
call  thepharynxJ" 

This  selection  of  terms  we  consider  unfortunate,  because  it  is  opposed  to 
their  customary  usage  in  comparative  anatomy, — the  pharynx  being  always 
said  to  be  prolonged  into  the  oesophagas,  and  not  the  latter  into  the  former. 
In  all  the  Giliata,  except  the  Voriicdlma,  the  canal  continuing  from  the  oral 
i^ertnre  is  not  distingubhable  into  two  portions  or  segments ;  and  one  term 
would  suffice  to  designate  it  throughout.  In  that  class,  where  a  division  may 
possibly  be  remarked,  it  would  be  better  to  call  the  upper  segment  the  pharynx 
or  oesophagus,  and  the  lower  the  alimentary  tube ;  by  so  doing,  no  Mae  con- 
eep^GDB  could  well  arise.  However,  in  quoting  from  Lachmann's  description 
we  must  let  the  words  abide  with  the  meaning  he  has  assigned  them. 

To  continue  our  extract — "  In  most  VbrticeUina  (those  with  a  contractile 
stem,  and  the  species  of  Epistylis  and  Trichodina)  itie  longitudinal  axis  of 
the  vestibulum  and  oesophagus  nms  tolerably  parallel  to  the  plane  of  the  ciliary 
disk,  whilst  that  of  the  pha^rnx  has  rather  tike  direction  of  the  axis  of  the  body. 
In  these,  therefore,  the  axis  of  the  ciliary  spiral,  which  is  continued  as  far  as 
the  phaiynx,  changes  its  direction  at  the  commencement  of  the  vestibulum : 
whilst  it  coincided  with  the  axis  of  the  body  outside  the  vestibulum,  it  stands 
almost  perpendicular  to  it  within  the  vestibulum  and  in  the  oesophagus.  In 
the  very  elongated  forms  of  the  Ophrydina  (Ehr.),  which  inhabit  sheaths 
(Ophrydivm,  Vaginicola,  Oothumia),  the  longitudinal  axis  of  the  vestibulum 
and  oesophagus  coincides  more  with  that  of  the  body,  as  also  in  the  genera 
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Operoularia  (as  circumscribed  by  Stein)  and  LagenophrySy  Stein ;  in  the  two 
latter  the  vestibnlum  is  very  wide,  whilst  in  the  elongated  species  it  is  narrow, 
bnt  generally  possesses  a  deep  excavation  for  the  anus." 

"  Besides  the  cilia  of  the  spiral  (ciliary  wreath),  some  stronger  cilia  also 
stand  in  the  vestibulum,  in  front  of  the  mouth ;  lliese  do  not  take  part  in 
the  r^ular  activity  of  the  others,  but  only  strike  forcibly  sometimee, — appa- 
rently to  remove  from  the  vestibulum  coarse  substances  which  may  have  got 
into  it,  and  also  the  masses  of  excrement." 

**  The  morsel  passed  from  the  pharynx  into  the  interior  of  the  body  nms 
nearly  to  the  posterior  extremity  of  the  VorticeUa,  and  then,  turning  upwards, 
rises  on  the  side  of  the  body  opposite  to  the  pharynx.  During  this  portion 
of  its  course,  it  usually  still  retains  the  spindle-shape  communicated  to  it  by 
the  pharynx,  and  only  here  changes  to  the  globular  form,  often  rather  sud- 
denly :  this  induced  me  at  first  to  think  that  the  morsel  was  still  enclosed  in 
a  tube  during  this  part  of  its  course ;  and  this  opinion  seemed  to  be  supportod 
by  the  circumstance  that,  before  and  behind  the  morsel,  two  lines  are  not  un- 
firequently  seen,  which  unite  at  a  short  distance  from  it,  like  the  outlines  of 
a  tube  which  it  has  dilated.  Subsequent  observations,  however,  have  again 
shown  me  that  this  opinion  is  an  improbable  one ;  for  the  circumstances  de- 
scribed must  also  occur  when  a  frisiform  morsel  is  passed  with  some  f(m»  and 
rapidity  through  a  quiescent  or  slow-moving  tenacious  fluid  mass :  the  above- 
mentioned  lines,  before  and  behind  the  morsel,  must  be  produced  by  the  se- 
paration and  reunion  of  the  gelatinous  mass,  even  if  the  morsel  is  not  sur- 
rounded by  a  tube.  But  the  existence  of  a  tube  depending  frt>m  the  pharynx 
appears  also  to  be  directly  contradicted  by  the  feuit,  on  the  one  hand,  that  tiie 
curves  described  by  the  morsel  are  sometimes  larger  and  sometimes  smaller, 
and  on  the  other,  tiiat  the  morsel  acquires  the  globular  form  sometimes  sooner 
and  sometimes  later,  according  as  it  is  pushed  out  of  the  pharynx  with  greater 
or  less  force  and  rapidity.  The  masses  whirled  into  the  pharynx  are  not 
always  aggregated  into  a  morsel ;  but  sometimes,  under  conditicms  whidi 
have  not  yet  been  satisfiEictorily  ascertained,  all  the  masses  which  reach  tiie 
pharynx  are  seen  to  pass  quickly  through  it  without  staying  in  it ;  they  thai 
stream  through  the  mass  surrounding  them  in  a  dear  str^  which,  1^  tlie 
morsels,  describes  a  curve  at  the  bottom  of  the  bell,  and  only  mix  with  the 
mass  when  their  rapidity  of  motion  has  diminished.  A  roundish  morsel,  wfaidi 
might  be  regarded  as  a  full  stomach,  is  then  never  formed.  We  might  easily 
be  inclined  to  regard  the  clear  bent  streak  with  the  particles  flowing  in  it  as 
an  intestine ;  and  this  has  probably  been  done  by  Ehrenberg,  who  states  tbat 
he  distinctiy  saw  the  bent  intestine  in  some  VorticdUna,  especially  in  Epi- 
styUs  pUcatilis,  in  which  I  have  also  been  able  to  study  the  phenom^ion  very 
closely.  But  in  this  case  also  there  are  the  same  reasons  against  the  sap- 
position  of  an  intestinal  tube,  as  in  that  of  the  lines  appearing  before  and 
behind  a  fiisiform  mass :  here  likewise,  not  only  the  form,  but  also  the  length, 
of  the  curve  varies :  whilst  at  one  time  it  is  but  short,  and  soon  terminaieB 
by  the  intermixture  of  the  particles  contained  in  it  with  the  surroimding 
mass,  it  may  immediately  afterwards  be  twice  as  long  or  longer — ^it  may  even 
make  a  complete  circuit  and  return  nearly  to  its  point  of  conmi^ieement  be- 
neath the  pharynx— ^-a  variation  which  appears  only  to  depend  upon  the  force 
with  which  the  dlia  of  the  rotatory  organ  act ;  so  that  we  cannot  explain  the 
whole  phenomenon  otherwise  than  that  the  water  with  the  particles  ccmtained 
in  it,  streaming  with  some  rapidity  into  the  mass  with  which  the  body  is 
filled,  cannot  mix  with  the  latter  immediately,  but  only  when  its  rapidity  of 
motion  is  diminished  by  friction, — just  as  we  see  a  rapid  stream  which  ftUs 
into  a  sluggish  or  stagnant  pool,  or  into  the  sea,  still  retaining  its  indepaid- 
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ence  ficHr  a  certain  space,  so  that,  if  it  differs  in  its  colour  or  torbidity  from  the 
water  oi  the  sea  or  pool,  we  may  distinguish  it  from  the  latter  (with  which 
it  does  not  mix  for  a  long  time)  in  the  form  of  a  streak,  which  is  often  of 
great  length. 

"  When  the  nutritive  particles  in  the  body  of  the  VorUcdlas  have  attained 
the  end  of  the  dear  streak  under  a  constant  diminution  of  their  rapidity — and 
in  the  other  case,  when  the  morsel  has  lost  its  spindle-shape  and  become  glo- 
bular— ^they  have  no  longer  any  separate  movemmit,  but  now  only  take  part 
in  a  circulatory  motion,  in  which  all  the  parts  in  the  interior  of  the  body, 
with  the  exception  of  the  nucleus  and  contractile  vesicle,  are  engaged.'' 

This  account  applies  in  general  to  the  alimentary  mechanism  of  all  other 
Ciliata  besides  the  VorHeeUina,  except  so  fisur  as  concerns  the  dilated  lower 
half  of  the  oesophagus  (t.  e,  phaiynx  of  Lachmann),  which  is  never  seen. 
The  dHated  oesoplu^^us  ends  by  an  obliquely  truncate  extremity,  through 
w^nch.  the  drop  <^  water  introduced  by  the  mouth  enters  the  tenacious  fluid 
mass  of  the  interior,  where  it  expands  into  a  rounded  vacuole  or  stomach-sac, 
which  continues  its  onward  curvilinear  course  until,  by  absorption  or  by  ex- 
pulsiiMi  tiirou^  the  anal  outlet,  it  disappears.  Tet  it  may  happen,  just  as  in 
the  VoriieeUina,  that  the  water  and  f<x>d,  instead  of,  as  usual,  being  united 
into  drc^  and  morsels,  may  be  mixed  at  once  with  the  contents  of  the  abdo- 
men, and  no  semblance  of  a  full  vacuole  be  produced. 

A  remarkable  fact  is  recorded  by  Lachnuum,  of  the  digestive  organization 
of  TracheUuB  (hnan,  in  which,  by  the  way,  Ehrenberg  declared  the  fdimentary 
canal  was  more  eadly  seen  than  in  any  other  animalcule.  '*  In  Trachelius 
Ovwn,*^  writes  the  author  we  quote  (p.  127), ''  alone  we  see  a  proper  stomach- 
wall  separated  from  the  rest  of  the  parenchyma  by  spaces  filled  with  fluid, 
and  thus  form  an  arborescent  ramified  canal,  which,  however,  must  not  be 
eonfonnded  with  the  nucleus."  To  this  statement  he  adds,  in  a  foot-note, 
— **  The  animalcules  devoured  (Trachelius  Ovum  is  one  of  the  most  voracious 
robbers)  are  always  seai  lying  in  the  ramifications  of  the  stomach,  in  the  clear 
qpaces  between  them,  except  in  crushed  animals.  The  clear  round  spaces  in 
the  parenchyma  (cortical  lamina)  of  the  body,  are  certainly  no  stomachs,  but 
contractile  spaces."  This  structure  was  affirmed  to  the  writer  by  lieberkiihn, 
and  was,  no  doubt,  seen  by  Ehrenberg,  but  misunderstood  by  him  in  most 
pcnnts.  Its  gastric  character,  however,  has  not  past  unchallenged,  for  both 
Cohn  and  Leuckhart  (Wiegmann's  Arehiv,  Berichty  1855)  assert  that  it  is  no- 
tiiing  more  than  a  fibrous  band  extending  inwards  from  the  integ^ument  m 
differesit  directions  through  the  soft  contents  of  the  interior.  In  this  expla- 
nation Gegenbauer  seems  to  agree — the  granular  bands  described  by  this 
observer  under  the  name  of  '<  trabeculse  "  appearing  identical  with  the  fibres 
of  the  two  last-named  writers.  These  trabi&culae  are  stated  to  be  contractile 
and  to  have  a  definite  arrangement,  the  principal  one  extending  backwards 
from  the  long,  dilated,  oral  fissure  along  the  same  side  of  the  body,  and  having 
seocmdary  trabeculse  branching  from  it  and  proceeding  to  the  cortical  lamina, 
where  they  are  lost.  And  although  Gegenbauer  speaks  of  an  intestine-like 
stmetore  prolonged  backwards  from  the  mouth,  in  which  numerous  food- 
^bnles  could  be  seen,  yet  he  says  that  there  was  no  perceptiMe  difference 
in  structure  to  distinguish  this  so-called  intestine  from  the  rest  of  the  body. 
Moreover  he  notes  that  the  nutritive  globules  may  be  often  seen  passing 
through  the  smaller  trabeculse.  Besides  the  oral  fissure,  he  remarked  another 
opening  situated  further  forward  than  it,  beneath  the  motOe  proboscis,  where 
the  tegnmentary  wall  is  thick,  and  connected  with  a  trabecula  extending 
inwards  to  unite  with  others.  This  opening  he  found  to  be  constant  in  size 
and  position,  to  be  ]^longed  inwards  to  the  chief  trabecula  as  a  wide 
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ftumel-shaped  tube,  often  delicately  plaited  longitudinally,  and  surromided 
with  cilia.  Artificial  feeding  was  tried ;  but  no  colouring  particles  were  swal- 
lowed. The  existence  of  a  digestiye  power  is  shown  by  the  disappearance  of 
organic  matters  which  haye  been  swallowed,  leaviog  little  or  no  residue  un- 
absorbed.  Thus  other  smaller  animal  organisms  are  often  the  prey  <^Ci]iata ; 
and  their  gradual  absorption  into  the  general  mass  may  be  occaaioiuilly 
watched :  ^e  same,  too,  is  true  of  v^etable  matters  such  as  DitUome^g,  Des- 
midiece,  portions  of  OscUlatorias,  and  of  various  minute  Algse, — although  here 
a  certain  amount  of  unassimilated  matter  in  the  hard  lorica  or  yalyes  remains 
over  and  above,  to  be  subsequently  got  rid  of.  The  changes  ensuing  in  food 
during  the  act  of  digestion  are  illustrated  by  Ehrenberg  in  his  account  of 
Btfrsaria  vemalis.  This  animalcule  feeds  very  much  on  OsdUataria ;  and  on 
watching  the  fibres,  they  are  seen,  when  first  swallowed,  to  be  elasticy  rigid, 
and  of  a  beautiful  bluish-green  colour,  but  presently  they  become  lax  and 
of  a  bright  green  hue,  which  afterwards  changes  to  a  yellowish  green,  and 
ultimately  to  a  yellow,  the  filaments  at  the  same  time  breaking  up  into  de- 
tached joints. 

An  assimilatiye  function  is  evidenced  both  by  the  foregoing  facts  of  the 
absorption  of  foreign  organized  matters,  and  also  by  the  circumstances,  that 
the  magnitude  acquired  and  the  activity  of  other  functions  are  r^ulated  by 
the  quantity  of  nutriment  received,  and  that  after  certain  substancee  have 
been  taken  as  food  they  may  be  detected  in  certain  parts,  or  throughout  the 
tissue  of  the  animalcule.  Of  the  latter,  the  introduction  of  chlorophyll  into 
the  subtegumentary  tissue,  by  the  medium  of  food  containing  this  v^etable 
constituent,  is  an  example ;  and  in  general  the  colour  of  an  animalcule  depends 
directly  on  the  food  taken,  or  is  indirectly  infiuenoed  by  its  quality  and 
quantity ;  for  an  animal  well  nourished  always  exhibits  its  peculiar  coloor 
in  the  highest  d^^ree,  whOst  ill-nourished  siddy  examples  present  little  or 
none. 

This  topic  suggests  another  closely  allied  to  it,  vis.  the  artificial  feeding 
with  coloured  substances,  so  much  resorted  to  by  Ehrenberg  in  his  researdies. 
It  consists  in  the  introduction  of  a  very  small  quantity  of  some  inscduUe 
colour,  not  a  poison,  capable  of  minute  divitdon,  into  the  water  in  which  the 
animal  fioats  whilst  under  observation,  llie  colours  generally  employed  are 
indigo  and  carmine,  a  Uttle  of  one  or  other  of  which  is  rubbed  on  ihe  wet 
margin  of  the  sHde,  surrounding  the  thin  glass  cover,  whence  it  gradually 
steals  under  the  cover,  and  disperses  its  fine  particles  through  the  litde  drop 
in  which  the  animalcule  fioats. 

Another  substance  has  been  proposed  as  preferable,  by  Mr.  Thomas  White 
(J,  M.  8, 1854,  p.  282),  viz.  the  red  eyes  of  the  common  fiy,  reduced  to  fine 
powder  by  pressure.  By  feeding  animalcules  with  this  in  lieu  of  carmine,  the 
disadvantage  arising  from  the  dark  particles  of  the  latter  crowding  the  fidd  of 
view  and  obscuring  the  objects  is  obviated ;  and,  on  the  other  hand,  it  has  the 
actual  advantage  of  being  more  readily  imbibed,  and  therefore  of  appearing 
more  speedily  in  the  apparent  stomach-sacs. 

Ehrenberg  imagined  that  the  Ciliata  enjoy  the  sense  of  taste,  leading  them 
to  choose  or  refiise  at  will  among  articles  of  nourishment  within  their  reach. 
Thus  he  says  that,  amidst  a  number  of  individuals  of  Paramecium  Aurdia^ 
some  took  one  sort  of  food,  and  others  another, — ^no  doubt  a  correct  obeerva- 
tion,  but  insufficient  to  prove  the  existence  of  taste.  Nevertheless  it  must  be 
allowed  that  some  animalcules  are  especially  found  in  company  either  with 
certain  other  small  animal  organisms,  or  with  particular  plants,  or  in  water 
holding  certain  matters  in  solution, — a  feust  upon  which  our  knowledge  c(hi- 
ceming  their  habitats  and  modes  of  life  rests,  but  in  itself  no  pnx^  of  the 
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eTifltenoe  of  a  aexue  of  taste.  Indeed,  in  the  oaae  of  minute  plants  we  per* 
oeive  a  similar  apparent  selection  of  localities  abounding  in  appropriate  nutritive 
mattecs.  Another  assumed  vital  characteristic  was,  that  Ciliated  Infusoria 
have  a  feeling  ci  company  (a  fondness  for  society),  inducing  them  to  con- 
gregate together, — an  idea  requiring  oonfflderable  effort  of  imagination  to 
eonoexvey  but  which,  we  fear,  will  scarcely  find  acceptance  as  a  fitct  by  any 
person  who  will  look  abroad  for  parallel  instances  of  the  congregating  together 
of  the  same  organisms ;  and  plenty  such  are  at  hand,  even  among  tiie  lowest 
I^aiits. 

DxantAL  Appaiutvs,  ok  Teeth. — ^Before  quitting  the  subject  of  digesti<m  and 
of  the  digeetiye  organs,  some  notice  must  be  taken  of  the  peculiar  formations 
oouBidered  by  Ehrenbeig  to  represent  a  dental  tyoparatus  concerned  in  the 
preparation  of  the  food  for  digi^on.  This  apparatus  occurs  in  the  form  of 
a  (^nder  of  i^parent  bristles  (XXTV.  282,  283,  308,  309 ;  XXIX.  48>— 
the  supposed  teeth — ^placed  behind  the  mouth,  as  seen  in  Chilodon  (XXIX. 
48),  Na99ula,  ChUmModon,  and  Prwrodon  (XXVIII.  8,  65).  The  cylinder 
of  teeth  was  farther  stated  to  be  wider  in  fh>nt,  to  be  able  to  expand  itself  to 
receive,  and  affcerwards  to  contract  on  the  engulfed  particle  of  food,  so  as  to 
crusih  it  and  drive  it  inwards. 

To  these  notions  of  the  nature  and  action  of  the  organ  in  question,  Stein 
cannot  assent.  He  states  (p.  128)  that  he  has  firequently  tried  in  vain  to 
isolate  it.  On  killing  an  animalcule  with  solution  of  iodme,  or  with  dilute 
acetic  add,  the  funnel-like  tube,  at  times  strai^t,  at  others  curved,  is  di- 
stinctly di^dayed,  as  well  in  the  smallest  as  in  the  larger  specimens.  It 
tapers  posteriorly,  and  ends  abruptly  by  an  open  extremity  in  the  cavity, 
and  is  composed  of  the  same  resistant  elastic  membrane  as  the  cuticle. 
Stein  gives  it  the  name  of  the  ^'  oesophageal  funnel."  Its  wider  and  thicker  end 
10  truncate  and  dentate  or  serrate,  having  from  8  to  16  dentations :  between 
these  the  membrane  appears  to  be  plaited  or  groved  for  a  considerable  distance 
downwards ;  and  it  is  these  plaits  or  fblds  whidi  Ehrenberg  took  to  be  long 
bristie-like  teeth  arranged  side  by  side.  This  cylinder,  therefore,  is  nothing 
more  than  an  involution  of  the  integument.  It  can  be  retracted  and  appear 
like  a  tiering  oesophageal  tube,  or  be  |»t)ttuded  like  a  trumpet-shaped  pro- 
cess beyond  the  general  surface.  It  has  not,  however,  that  independent 
motile  power  in  itself  represented  by  Ehrenberg ;  but  all  its  movements 
depend  upon  those  of  the  integument ;  for  Stein  has  never  se^i  it  either  con- 
tract or  dilate,  except  simultaneously  with  the  conlsractions  of  the  general 
surface.  It  bends,  imd  is  doubled  up  under  pressure,  and  is  neither  denser 
nor  a  more  brittle  tissue  than  the  cuticle ;  nor  can  it  be  resolved  into  rod-like 


The  plaited  wp^  portion  is  not  apparent  in  all  species  which  have  a 
homologous  <»gan :  thte  in  Namda  ambtgua  (Stein,  p.  249)  the  infondibulum 
is  smooth,  although  the  double  outline  its  membrane  exhibits  indicates  its 
very  considerable  thickness. 

SsQBETioir. — Sufficient  evidence  of  the  operaticm  of  this  function  is  found 
in  the  Ciliated  Protozoa,  although  no  special  organs  or  tissues  can  be  pointed 
out  for  its  exercise,  unless,  indeed,  the  pair  of  peculiar  solid-looking  organs 
in  the  head  of  OperetUaria  herheriformis,  hereafter  mentioned  among  accessory 
undetermined  structures,  be  considered  glandular  (XXX.  2  c). 

The  production  of  cilia  may  be  considered  an  act  of  secretion,  exercised  so 
soon  as  an  animalcule  assumes  a  definite  outline,  and,  under  certain  circum- 
stances in  connexion  with  the  encysting-^rooess,  repeated  a  second  time 
within  the  life-time  of  an  individual.  Again,  ttie  excretion  thrown  out 
around  Protozoa  when  about  to  encyst  themselves  is  another  example  of  the 
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same  process ;  so  is  also  the  special  prodaotion  of  caticular  matter  in  the  oon- 
stmction  of  the  dense  resisting  shields  and  orceoli  of  loricated  species,  e.  g. 
ColepSj  or  that  of  the  substance  used  in  the  formation  of  stems  and  cl 
external  sheaths.  Another  instance  of  a  secretion  maybe  seen  in  the  solvent 
fluid  poured  out  for  the  solution  of  solid  particles  of  food  in  the  interior, — a 
fluid  certainly  not  demonstrable  apart,  but  presumable  from  the  phenomena 
of  digestion. 

Having  observed  the  particles  of  food  in  the  abdominal  cavity  to  be  fre- 
quently surrounded  by  a  clear  space  filled  mostly  with  colourless,  but  soine- 
times  with  a  coloured  liquid,  Ehrenberg  at  once  attributed  to  it  a  digestiTe 
faculty,  and  termed  it  the  bile.  He  sp^iks  of  this  in  the  history  of  the  genus 
Btursarutf  where  it  is  stated  to  be  either  colourless  or  reddisL  In  NoMuloy 
again,  he  figures  biHary  glands  in  the  shape  of  vesicles  forming  a  wide  cirdet 
around  the  mouth,  filled  with  a  violet-coloured  juice,  which  is  discharged 
with  the  excrementitious  particles,  and  which  at  first  appears  like  drops  of 
oil,  but  soon  mixes  with  and  becomes  diffused  through  the  water.  The 
following  species  are  enumerated  as  possessing  one  such  vesicular  gland :  viz. 
Cfhilodon  amatus,  Bursaria  vemalis,  Traehdius  MeUagris,  AmphileptuB  mar- 
garitifer,  A.  MeUagris,  and  A,  longicoUis. 

The  bodies  thus  represented  by  Ehrenberg  as  vesicular  glands  have  not 
escaped  the  notice  of  Stein,  who  pronounces  distinctly  against  their  glandular 
nature,  and  insbts  upon  their  bemg  nothing  but  sections  or  joints  of  the  fibres 
of  the  OseiUatarias  and  other  plants  that  the  animalcules  feed  upon,  and  which, 
in  the  course  of  thoir  digestion,  change  from  green  to  a  dusky  blue,  afterwards 
to  a  reddish-brown  colour,  and  at  length,  when  broken  up,  become  difiEbsed 
throughout  the  interior,  and  impart  to  the  entire  animalcule  a  roddish- 
yellow  hue. 

Cohn  {Zeitschr,  1857,  p.  143)  has  remarked  in  Nasstda  elegans  numerous 
granules  of  a  yellowish-brown  and  violet  colour,  either  coUected  into  hei^ 
or  scattered  through  the  interior.  On  the  under  surfeuM,  near  the  anus,  is 
usually  a  large  violet  mass,  and  at  the  opposite  extremity  a  similar  smaller 
one,  which  have  been  described  by  Ehrenberg  as  biliary  glands  (XXYIII.  11, 
12).  If  they  are  not  particles  of  v^etable-coloured  food  altered  in  hue  by 
the  process  of  digestion  or  solution,  they  may,  says  Cohn,  be  considered 
analogous  to  the  chlorophyll-corpuscles  of  Paramecium  (Loxodes)  Bursaria^ 
of  SpirosUmmny  or  of  VorHceUa  viridu,  and  a  special  form  of  colouring 
matter.  The  collection  of  the  coloured  mass  about  the  anus^  and  its  dis- 
charge in  the  shape  of  bluish  particles — ^&cts  noticed  by  Ehrenberg — ^indicate 
its  nature  to  be  effete  and  excrementitious.  Tet  it  is  not  the  mere  crade 
joints  of  OscHlatoria,  as  Stein  supposed,  but  matter  which  has  been  digested. 
The  heap  about  the  neck  is  by  no  means  constant. 

CoNTRAcriLE  Yesicle. — Psssiug  now  to  the  other  contents  of  the  Oiliata, 
the  contractile  vesicle  or  space  fiist  arrests  our  attention.  Mr.  Carter  would 
call  it  simply  the  *  vesieula ; '  but  this  word,  without  the  adjunct "  conlaractile  " 
to  particularize  it,  seems  insufficient,  especially  when  the  Latin  language  is 
used  in  description. 

This  organ  is  of  universal  occurrence  among  the  Ciliata;  it  is  mostly  sin^e ; 
but  in  a  few  instances  two  and  even  three  such,  mostly  of  unequal  magnitude, 
occur.  It  did  not  escape  the  notice  of  Ehrenberg,  who  has  figured  it  in  all 
his  plates  of  these  beings.  It  occurs  as  a  clear,  hollow,  mostly  rounded  space 
in  the  interior,  its  precise  position  differing  in  different  species.  It  is  always 
placed  in,  or  closely  connected  with,  the  cortical  or  contractile  lamina,  and  is 
not  affected  by  the  circulatory  current.  In  the  great  majority  of  species  it 
is  situated  nearer  the  anterior  extremity,  and  in  very  close  relation  with  the 
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noath  or  alimentaiy  tube:  thus  in  OphrtfogUna,  Bursaria,  OpereuUmoj 
EpittyhBy  and  SSoothammum  it  lies  dose  upon  the  yestibnlum  within,  or 
ahnost  within,  the  re^on  of  the  ciliary  wreath  (XXVII.  16;  XXX.  9-11) ; 
in  Vcrtieella  and  Vagimeola  it  is  plaoed  against  tiiie  jxpper  part  of  the  aU- 
mentaiy  tdbe,  and  in  Triehodinay  Nassula,  and  many  o&ers,  near  it  at  its 
tennmafckm  (XXX.  5,  6,  17;  XXTX.  4).  Exceptions  to  this  position  are 
met  with  in  Coleps  and  Coipoda  (XXIX.  35-37),  where  it  occupies  the 
posterior  extremity  placed  y&cy  close  to  the  external  sur&ce.  When  two 
vesifilee  exist,  they  are  often  placed  on  opposite  sides  of  the  body,  the  one 
more  or  less  anterior  to  the  other,  as  seen  in  Paramecium  (XXIX.  29,  30). 
In  (Jkiiodan  Cuculhdusek  third  is  sometimes  seen  near  the  posterior  extremity 
(XXIX.48). 

On  watching  these  dear  spaces,  they  are  observed  to  disappear  for  a  few 
mwHoents  and  again  to  reappear — in  oUier  words,  to  exhibit  rhythmical  con- 
tractiaiis,  a  featare  which  distinguishes  them  from  any  other  vesicolar  spaces. 
The  oontracticm  is  known  as  the  '  s^ttole/  the  re-expansion  as  the  *  dioatole ; ' 
these  moyements  may  be  either  regular  or  irregular,  and  they  difier  in  dura- 
tun  in  diffarent  spedes.  Forty  states  that  the  pulsations  in  StyhnyMa 
puthdaia  occupy  from  six  to  seven  seconds :  in  Spiroehana  and  Coipoda  they 
acre  more  proLraiged ;  indeed,  as  Stein  affirms,  they  are  slower  in  the  fnnner 
gains  than  in  any  other  animalcule  he  has  examined.  When  more  than  one 
veaiele  is  present,  no  uniformity  in  the  order  of  thdr  movements  has  hitherto 
heen  ptxiTed,  although  Siebdd  believes  they  must  follow  some  role.  As  evi- 
dence of  the  independence  of  the  veside  of  the  general  contents  of  the  body, 
TjMjhmann  records  (A.  N.  H,  1857,  xix.  p.  126)  the  fetct  that,  eyen  after  the 
contents  of  an  animalcule  have  been  sucked  out  by  an  Adneta,  the  vedde 
lodged  in  the  still  present  and  contractile  layer  may  continue  to  pulsate  for 
several  hours. 

With  regard  to  the  number  of  these  resides  in  particular  species,  much 
disor^iancy  has  existed  among  observers.  Siebold  affirms  that  Ehrenberg  has 
piooeeded  in  a  purdy  arbitrary  manner  in  calling  one  a  contractile  or  sper- 
matio  sac,  and  others,  indistinguishable  from  it,  gastric  cells,  and  quotes  in 
iUnstration  the  Berlin  Professor's  description  cf  the  vesides  of  AmphtUptus 
wkdeagrU  and  of  A.  UmgicoUis.  To  this  objection  Eckhard  rejoined  by  assert- 
ing that  Ehrenberg  was  guided  in  determining  the  nature  of  vesicles  by  cer- 
tain af^nedable  differences  in  the  character  and  contractions  of  di£ferent  sacs, 
and  that  Siebold  had  erroneoudy  represented  lateral  abdominal  veddes  in 
Sieml&r,  and  an  dongated  one  in  Spirostomttm  ambigwum.  In  this,  however, 
he  was  wrong,  for  the  description  of  heboid  has  been  confirmed  by  Tischmann 
and  others  (XXIX.  7) ;  and  on  the  other  hand,  Ehrenberg  is  not  so  much  in 
em^  rejecting  the  numbers  of  these  yedcular  spaces  as  Siebold  was  led  to 
•iqppoee. 

It  is,  indeed,  only  by  careM  and  repeated  observations  that  such  variations 
can  be  reconciled.  In  pronouncing  a  space  contractile,  a  sufficient  criterion 
seems  to  be  found  in  tiie  droumstance  of  a  like  oigan  being  found,  in  all 
^lecimens  of  the  same  animalcule,  constant  in  podtion,  and  rhythmical  in 
its  morements.  Gastric  cavities  or  alimentary  vacuoles  may  collapse  and 
damppeBi ;  but  this  movement  is  not  followed  by  renewed  acts  of  disappear- 
ance and  reappearance  in  regular  succesdon,  and  in  the  same  spot ;  for  ^  one 
such  vacuole  do  replace  ano&ier,  a  general  movement  onwards  in  the  course 
of  the  internal  cyclosis  may  be  discovered.  Another  test  to  distinguish  a 
stomach -Teside  firom  a  true  contractile  sac  may  bo  found  in  the  use  of  coloured 
Ibod.  Now  that  thespedal  contractile  sac  is  admitted  generally  to  be  merdy 
the  central  organ  of  a  system  of  contractile  vessels  disposed  at  various  parts 
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of  the  body,  the  appeanmoe  at  tunen  of  additional  vesioleB,  and  eonsequently 
also  the  discrepancies  of  authors  as  to  the  nnmbers  present,  are  ezplioable 
by  supposing  liie  accidental  dilatation  of  a  tnbe  here  and  there — as  a  vari- 
cose vessely — ^the  dilatations  representing  fcnr  the  time  additional  ocmtraotile 
spaces. 

This  explanation  occurred,  among  others,  to  Mr.  Garter.  Thus  he  renuufa 
(A.  N.  H.  1856,  xviii.  p.  128)  that  in  Ghilodon,  where  the  vesicle  is  normally 
single  and  near  one  extremity,  it  is  not  tmcommon  to  meet,  amid  a  group  <^ 
th^  animalcules,  various  indiTiduals  i^esenting  a  variable  number  of  con- 
tractile vesicles  irregularly  dispersed  through  the  body,  without  one  being  in 
the  true  position  of  the  *  vesicula.'  "  That,"  he  writes, "  the  *  vesicula '  does 
make  its  appearance  now  and  then,  may  be  inferred,  as  it  perhaps  may  also 
be  inferred  that  from  over-irritability,  or  some  such  cause,  it  does  not  remain 
under  dilatation  long  enough  to  receive  the  contents  of  the  sinuses ;  and  hence 
their  accidental  dilatation,  and  the  appearance  of  a  plurality  of  vesicnlsB." 

To  this  accidental  dilatation  of  vascular  channels  at  particular  points  may 
be  referred  the  50  to  60  regularly  placed  vesicles  described  by  Gegenbauer 
in  Trtuihelius,  the  12  to  16  mentioned  by  Siebold  and  Perty  in  AmphUqOuM, 
and  also  the  row  of  them  seen  alcmg  the  side  of  Stentor.  In  this  last-named 
genus  there  is  a  circular  canal  surrounding  the  head  or  ciliary  wreath,  whidi 
sendB  off  a  branch  at  right  angles  along  the  side  to  nearly  its  posterior  end 
(XXIX.  7).  In  Sjnrostomumy  again,  a  long  contractile  channel  occupies  the 
length  of  the  body. 

^e  existence  of  a  second  vesicle  in  an  animalcule  normally  possessing  but 
(me,  Ehrenberg  explained  by  supposing  an  act  of  fission  to  have  occurred 
prior  to  division  of  the  entire  being, — an  explanation  in  which  Mr.  Garter 
concurs.  But  if  Stein  be  right,  the  contractile  Vesicle  does  not  undergo 
fission,  but  makes  its  appearance  in  the  newly-formed  half  by  an  act  of 
development  de  novo.    In  this  statement  Wiegmann  concurs  (Perty,  p.  63). 

Ehrenberg  concluded  the  contractile  spaces  to  be  true  sacs,  limited  by  a 
definite  membrane, — a  conclusion  sanctioned  also  by  Siebold,  forasmuch  as, 
during  successive  contractions  and  dilatations,  the  vesicles  retain  the  same 
place,  figure,  and  number.  Mr.  Carter  supplies  direct  evidence  of  the  fiact 
(A.  N,  H.  1856,  xviii.  p.  130),  having  observed  on  one  occasion  a  vesicle  re- 
main pendent  in  a  globular  form  to  the  buccal  cavity  of  a  VorttcdLa,  "  when, 
by  the  decomposition  of  the  Barcode  and  the  evolution  of  a  swarm  of  rapidly- 
moving  monadic  particles,  these  two  organs,  with  the  cylindrical  nudeus  or 
gland,  though  still  slightly  adhering  to  each  other,  were  so  dissected  out  as 
to  be  nearly  separate ;  and  thus  yielding  in  position  from  time  to  time,  as  tiiey 
were  struck  by  the  little  particles,  their  forms  and  relative  positions  respect- 
ively became  particularly  evident."  Moreover,  Laohmann  {A.  N,  H.  1867, 
xix.  p.  226)  argues  at  length  in  favour  of  the  true  vesicular  character  of 
contractile  spaces.  Thus  he  remarks — "  The  mode  of  contraction,  idiich 
differs  from  the  other  contractile  phenomena  of , the  parenchyma  of  the  body, 
appears  to  speak  decidedly  in  favour  of  the  vesicular  nature  of  the  contractile 
space.  The  circumstance  that,  before  its  complete  expansion,  it  frequently 
^peaiB  to  be  divided  into  two  or  three,  is  not  opposed  to  this,  as  a  vesidie 
inay  very  well  be  constricted  into  two  or  more  parts  by  the  partial  contrac- 
tion of  annular  portions,  or  by  strictures.  Some  other  facts  appear  to  be  in 
favour  of  the  vesicular  nature  of  the  contractile  space,  such  as  the  phssnomencm 
presented  by  Spirostomum  ambiguum,  already  refeired  to,  in  which  balls  of 
excrement  pass  to  the  anus  between  the  contractile  space  and  the  outer  skin 
of  the  animal,  and,  although  often  arching  the  wall  of  the  contractile  space 
into  a  semiglobular  form,  yet  never  break  through  into  it.     In  AcUnophtys,  the 


Digitized  by  VjOOQ IC 


OP  HIS  PBOTOBOA.— <nLIATA.  315 

8appo0iti<m  that  there  is  a  membranous  boundary,  at  least  on  the  outside  of 
tibe  oonteaetile  Teside,  can  hardly  be  rejected,  as  its  wall,  which  is  situated 
on  the  oat^rmost  surftu^  of  the  body,  must  burst  at  the  moment  of  greatest 
ezpanrion,  if  it  were  <»ily  composed  of  the  gelatinous  parenchyma  of  the 
body/* 

fiUaU  the  contrary  opinion,  Tiz.  that  the  contractile  spaces  are  mere  Tacuoles 
k  the  sabstance  of  the  interior,  without  a  limiting  membrane,  has  found  able 
wipporters  in  Meyen,  Dujardin,  Btein,  and  Perty.  The  first-named  writer 
Minpares  them  to  the  changing  vacuoles  which  spontaneously  g^ierate  in 
ihe  vegetable  protoplasm  of  plimt-cells,  by  an  inherent  property  or  process 
known  as  that  of  vacuolation,  and  which  is  equally  a  phenomenon  of  simple 
•ninial  protoplasm  or  contractile  tissue.  Indeed,  tiiere  is  no  doubt  that  clear 
hollow  Bpaees  ot  vacuoles  may  appear  and  disappear  within  the  substance  of 
ProCofoa,  and  that  some  of  those  remarked  by  Dujardin,  (heboid,  and  others 
immediately  beneath  the  integument  were  of  this  number ;  yet  such  vacuoles 
want  the  constancy  in  position,  figure,  and  pulsating  power  belonging  to  true 
eontraetile  sacs.  Besides,  as  we  ahaJi  presently  see,  ^e  evident  ramifications 
OCT  emaHeuli  of  many  contractile  vesides  among  the  Ciliata  afford  farther 
grounds  for  distinguishing  between  these  and  mere  vacuoles,  which,  as  ikr  as 
we  are  aware,  never  have  such  olGshoots. 

Another  questionable  point  among  observera  is,  whether  any  communica- 
tion exists  between  the  cavity  of  the  contractile  veside  and  the  d«e  surface 
near  to  which  it  Ib  placed.  The  majority  concur  in  the  negative ;  but  several, 
among  whcnn  are  Oscar  Schmidt  {Frorup's  NoHz.,  1849,  vol.  iz. ;  Lekrbueh 
der  Vergldchend.  Anatwmie,  1853),  Mr.  Gray  {SUUman's  Jwxm.  1853),  Mr. 
Bood  {9iQimav^9  Jowm.  1853,  p.  70),  and  Mr.  Carter,  are  of  opinion  that  a 
direct  communication,  between  the  fluid  contents  of  the  veside  and  the  watery 
medium  bathing  the  ezt^nal  surfeu^e,  is  established  by  means  of  foramina  in 
tiie  waDs.  On  this  question  Tiachmann  remarks  (op.  eit,  p.  227) — **  In  many 
Inftaaoria  we  see  one  or  more  pale  spots  upon  the  contractile  veside,  which 
may  easily  be  nustaken  for  orifices,  but  on  doser  examination  prove  to  be 
only  thin  spots  in  the  parenchyma  of  the  body  and  the  skin,  by  whidi  the 
aetkn  of  the  external  water  upon  the  contents  of  the  vascular  system  is 
eertainly  fiaciMtated,  so  that  they  {probably  serve  for  respiratory  purposes. 
Hiese  round  dear  spots  are  particularly  numerous  upon  the  contractile  space 
of  Spiroetomum  €nHbiguum,*^  The  admission  or  the  denial  of  such  a  commu- 
mcation  wiU  veiy  mudi  affect  the  opinion  held  concerning  the  nature  of  the 
sAee  performed  by  the  veside,  to  which  we  shall  immediately  advert. 

The  superficial  vesides  or  vacuoles  before  aUiided  to^  considered  by  Dujardin 
of  the  same  nature  as  the  contractile  veside  itself,  have  not  been  suffidently 
examined  and  defined  of  late  to  warrant  a  conduaion  as  to  their  real  cha- 
T&eter :  yet  probably  some  of  those  spaces  are  no  more  than  mere  vacuolae, 
wfaakt  oUiers  are  dilatations  of  the  channels  of  the  ramified  vascular  system. 
Mr.  Garter  would  in  general  assign  to  them  the  latter  character.  However, 
we  believe  that  many  of  those  which  have  attracted  attention  have  been 
isolated  vesides,  devdoped  from  time  time,  and  to  be  concerned  in  securing 
a  more  petfoct  aeration  of  the  contained  fluid.  Siebold,  indeed,  went  so  far 
as  to  presume  they  opened  upcm  the  external  surfece,  and  brought  their  con- 
tents into  relation  with  the  surrounding  water. 

In  figure,  contractile  spaces  are,  for  the  most  part,  round  or  somewhat 
oval,  and  as  to  sixe  stand  in  no  direct  relation  with  that  of  the  animalcules 
they  appertain  to.  Examples  of  the  prevailing  figure  are  seen  in  Ophrydium, 
Z$0Aammmm,  ChOodony  Oolpoda,  Trichadina,  Ac.  Even  in  some  of  these  appa- 
rantly  simple  ^bular  sacs,  Mr.  Carter  discovered  a  series  of  spherical  sinuses 
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surroimdmg  and  commimicatmg  directly  with  them.  These  acoeesory  Vesiclee, 
he  tells  OS  (op.  eit.  p.  130),  are,  <'  under  exhaustion  of  the  animakq^e  from 
yaiious  causes,  so  distended,  and  thus  so  approximated,  as  to  aasome  the 
appearance  of  an  areolar  structure  immediately  in  contact  with  the  vesicola. 
Each  globular  sinus  would,  howeyer,  appear  to  be  the  proximal  or  largest  of 
a  concatenation  of  smaller  ones,  which  diminish  in  size  with  their  distance 
from  the  yesicula."  This  account  tallies  with  that  recorded  by  Mr.  Samucdacn 
{J.  M.  8.  1857,  p.  104),  respecting  the  single  gjLobular  vesicle  of  CRamcama 
$eifUiUan8y  which  ''when  it  contracts  forces  the  fluid  into  others  whidi 
appear  temporarily  formed  around  it ;  "  and  these,  by  contracting  in  their  ton, 
refill  the  central  vesicle. 

Besides  the  seemingly  simple  spherical  vesicles,  there  are  others  that  |H^e- 
sent  evidait  branches  and  a  different  figure.  Such,  for  instance,  toe  the 
elongated  vascular  canal  of  Spirostomwrn,  and  the  annular  canal  with  its  row 
of  vesicles  down  the  side, — ^which  seem  capable  of  coalescing  into  aeontinnous 
channel,  seen  in  Stentar  (XXIX.  7).  In  Paramedum  AureUa  (XXV.  329), 
each  contractile  vesicle  assumes  a  stellate  form,  owing  to  the  radiating  pro- 
cesses it  sends  off  on  all  sides,  and  which  Eckhard  rejnesented  as  prolonged 
through  the  body  by  interrupted  channels.  It  is  from  the  study  of  tiiis 
Paramedwn  especially,  that  observers  have  generally  arrived  at  the  belief  in 
the  existence  of  vascular  canals  in  the  Ciliata,  connected  with  the  contractile 
vesicle  as  a  central  oigan.  That  there  exists  a  vascular  system  more  or  less 
distributed  through  &e  body,  most  recent  microscopists  are  in  accord :  we 
may  mention  lieberkiihn,  Lachmann,  Mr.  Garter,  I^fessor  Busk,  and  Mr. 
Samuelson« 

As  this  apparatus  will  be  best  considered  in  connexion  with  its  assigned 
ftmctions,  we  shall  speak  of  them  together,  premising  our  account  with  the 
history  of  Ehrenberg's  conjectures  on  the  nature  and  function  of  the  con- 
tractile vesicle.  This  distinguished  naturalist  was  led  by  his  hypothesis  of 
organization  to  seek  for  each  of  the  oigans  of  higher  animals  a  parallel  or 
analogue  in  the  Infiisoria ;  and  one  of  the  most  curious  analogies  he  hit  upon 
was  tibat  of  the  contractile  sac  with  the  spermatic  veside.  In  this  office  he 
represented  the  vesicle  as  receiving  from  the  testis  (nucleus)  a  reprodoctive 
fluid,  which  it  again  ejected  among  the  ova  (granules,  aUmentaiy  vesicles, 
&c.)  occupying  the  interior  of  the  animalcule.  In  this  peculiar  notion 
Ehrenberg  has  met  with  few  disciples :  for,  as  Siebold  has  justly  objected,  it 
is  a  perfectly  gratuitous  hypothesis,  without  analogy  in  the  animal  kingdom ; 
for  in  no  animal  is  such  a  thing  seen  as  an  incessant  projection  of  soninal 
fluid  into  the  interior ;  and  farther,  both  the  nature  of  the  nucleus  as  a  testis 
or  secretory  organ  of  spermatic  fluid,  and  the  existence  of  recipient  ova,  are 
at  best  very  doubtful  hypotheses. 

The  opinions  now  in  vogue  concerning  the  function  of  the  contractile 
vesicle  and  of  its  jurolongations  or  processes  are  that  it  is  either  (I)  a  water- 
vascular  and  respiratory  system,  homologous  with  that  of  the  BotatonOy 
or  (2)  homologous  with  a  blood-vascular  system,  or  (3)  an  excretory  appa- 
ratus. The  first  conjecture  presupposes  a  direct  communication  beti^en  the 
fluid  in  this  vascular  system  and  the  surrounding  aqueous  medium ;  by  the 
second,  no  such  direct  communication  need  be  presumed ;  the  third  view  is 
especially  supported  by  Mr.  Carter,  Bergmann,  and  Leuckhart. 

In  his  notions  concerning  the  organization  and  function  of  the  contractile 
vesicle.  Stein  differs  from  most  other  recent  investigators.  As  we  hxn 
already  seen,  he  denies  a  limiting  membrane  to  the. vesicle;  he,  moreover, 
can  neither  acquiesce  in  the  belief  of  the  existence  of  outiets,  nor  in  the 
respiratory  purpose  attributed  to  it  by  8iebold  and  0.  Schmidt.     He  is  evm 
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doabtfol  of  the  stdOate  fltractore,  as  an  actual  fiust,  in  the  Barameeia  ;  for  in 
P.  Bw$ariay  in  NastuUiy  and  other  animalcules  tills  apparent  stniotare  may 
be,  he  beHeres,  produced  at  will  by  the  exercise  of  slight  pressure,  as  by  that 
of  the  thin  glass-cover  upon  the  object,  when  the  diastole  of  the  vesicle  is 
incomplete.  Again,  he  objects  against  the  supposed  water-vascular  system 
and  its  respiratory  office,  tiiat,  in  comparison  to  the  large  ciliated  phar3mx, 
within  which  a  fresh  suj^ly  of  water  is  perpetually  introduced,  and  through 
whose  delicate  walls  a  respiratory  act  may  be  readily  conceived  to  take  place, 
the  small  contractile  space  commonly  appended  to  it  appears  of  inconsider- 
able importance  as  an  aerating  organ.  Further,  he  cannot  conceive  the 
necessity  of  a  respiratory  apparatus  in  any  animalcule  which  lives  surrounded 
on  all  sides  by  water,  besides  recdving  it  incessantly  within  its  interior,  and 
which  can  therefore  so  readily  absorb  its  oxygen  through  its  delicate  tissues. 
Another  fiu^  adverse  to  this  assigned  function  is,  that  the  vesides  of  embryos, 
whilst  still  within  the  parent,  are  seen  in  fhll  activity,  although  in  that  posi- 
tion no  renewed  supply  of  fresh  water  is  afforded  them. 

These  ol^ections  of  Stein  lessen  upon  considatition :  thus  his  opinion  that 
the  veside  is  a  mere  vacuole,  that  its  radiating  canals  are  probably  accidental 
appearances,  and  his  ignoring  the  existence  of  a  set  of  vascular  channels 
l£rou^  the  interior,  are  set  aside  by  the  direct  observations  of  several 
natnralistB  to  tiie  contrary.  So,  although  Ids  arguments,  generally,  against 
the  presence  of  a  special  respiratory  apparatus  are  not  without  force,  yet  the 
remark  that  he  can  ccmceive  no  need  of  such  an  apparatus  in  animalcules  so 
circumstanced  as  the  CSliata  is  worthless  as  an  argument ;  for  in  all  such 
inquiries  into  the  phenomena  of  life  we  are  not  to  suppose  an  organixatioii 
and  then  to  find  it,  but,  on  the  contrary,  to  discover  facts,  and  then,  if  possi- 
ble, to  determine  on  their  nature. 

That  the  contractile  vesicle  and  its  connected  channels  do  not  constitute  a 
water- vascular  and  respiratory  system,  is  also  the  opinion  of  Laohmann  and 
Garter.  The  former  able  observer  has  confirmed  and  extended  our  previous 
knowledge  of  the  vascular  apparatus,  and  thus  conveys  his  researches  and 
opinions  {op.  dt,  p.  224) : — '<  When  the  contractile  space  (of  Paramemwoi 
AtureUa)  is  full  and  wide  open,  the  rays  can  only  be  observed  as  fine  Hnes,  aif 
when  the  light  is  not  good,  are  enturely  imperceptible ;  by  the  sudden  con- 
traetion  of  the  space,  however,  they  instantly  swell  into  a  pyriform  com- 
mencement dose  to  the  position  of  the  contractile  vesicle  which  has  disap- 
peared. "With  favourable  illumination,  when  the  animals  possess  the  proper 
degree  of  transparency,  the  rays  may  be  traced  in  Faramedtan  AureUa  across 
ihe  half  of  the  Amwiftlj  and  we  may  sometimes  perceive  a  bifdrcation  of  one 
or  other  of  them.  During  the  dow  reappearance  of  the  contractile  space, 
the  rays  gradually  decrease ;  and  they  have  ahnost  entirely  disappeared,  cr 
become  reduced  to  fine  Hnes,  when  the  veside  has  attained  its  full  extension. 
These  rays,  as  wdl  as  the  contractile  spaces,  lie,  as  in  all  Infusoria,  dose 
under  tiie  skin  ('  euticula '  of  Cohn),  in  the  parenchyma  of  the  body  ('  corti- 
cal layer '  or  '  cdl-membrane '  of  Cohn). 

**  in  many  Vortiee^UB  we  also  find  processes  going  off  from  the  contractile 
▼edde  (Ehrenberg  even  states  that  he  has  fr^^pientiy  seen  the  contractile 
veside  of  Careheswm  pohpifwm  lobate  or  almost  radiate) ;  of  these  I  have 
been  able  to  trace  one  i^rticularly,  in  F.  nebvUfera^  F.  Oan^fHJMula,  and  Carehs- 
giwn  polypifmm,  up  to  close  beneath  the  skin  of  the  dlifl^  disk ;  this,  when 
seen  from  above,  exhibited  a  longish  section.  From  this  a  fine  branch  appears 
to  run,  on  the  upper  wall  of  the  vestibulum,  transversdy  across  this  to  the 
other  side ;  at  least,  I  have  seen  a  thin  process  hanging  down  like  a  short 
curtain  into  the  vestibulum  from  the  side  turned  towards  the  ciliary  disk. 
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which  swelled  up  when  the  above-mentioiiod  proceee  heoame  enlai^ged  in  om- 
sequence  of  the  contraction  of  the  vesicle. 

*<  In  Dendrosoma  radtam  (Ehr.),  a  fine  vessel  nins  through  the  whole 
length  of  the  body,  and  sends  branches  into  its  ramifications :  it  is  fhmiahed 
with  a  number  of  contractile  spaces,  partly  in  the  stem  and  partly  in  the 
branches. 

**  The  processes  of  the  contractile  q>aoe  are  seen  with  remarkable  distinct- 
ness in  the  large  Stentor polymorphus  (including^.  BoeseJu  and  S,  MuH^),  in 
which  a  very  considerable  portion  of  a  vascular  system  may  be  recognized. 
The  large  contractile  space  lies  a  little  to  the  left  of  the  oasophagus,  near  the 
plane  of  the  ciliary  disk.  From  it  a  longitudinal  vessel  runs  to  the  postmor 
extremity  of  the  animal,  and  an  annular  vessel  round  the  ciliary  disk  {8tirn) 
close  under  its  series  of  cilia.  Both  these  are  visible  even  during  the  expan- 
sion of  the  contractile  vesicle,  but  swell  up  suddenly  like  the  vessds  of  the 
above-mentioned  Infusoria  during  its  contraction :  at  this  time  the  longitu- 
dinal vessel  usually  exhibits  considerable  dilatations,  which,  when  superfi- 
cially examined,  may  easily  be  taken  for  independent,  disunited  cavities 
(va<moles).  The  annular  vessel  exhibits  a  more  uniform  lumen ;  only  two 
roundi^  dilatations  make  their  appearance  in  it — one  dose  to  the  anus  (m  the 
dorsal  side  of  the  animal,  and  the  other  close  to  the  oesophagus  on  the  ventrsl 
surface.  Both  vessels  gradually  decrease  during  the  reappearance  of  the  eon- 
tractile  veaide,  apparently  without  any  contraction  of  their  own,  in  the  same 
way  as  the  vessels  of  the  Paramecia.  The  longitudinal  vessel  of  the  StentorSf 
and  a  similar  one  in  Spirostomum  ambiguum,  were  first  described  by  Yon  Sie- 
bdd,  whilst  their  existence  has  been  erroneously  denied  by  Eckhard. 

**  As  we  thus  find  a  vascular  system  in  the  Stentors,  and  ui  othe^  Infusoria 
recognize  the  parts  lying  nearest  to  the  centre  (the  contractile  space)  some- 
times easily  and  sometimes  with  difficulty,  we  may  certainly  conclude  that 
such  a  system  exists  in  all  Infusoria  which  possess  a  contractile  space,  even 
when  no  branches  have  been  detected  running  out  from  this.  That  this 
system  does  not  merely  consist  of  acddental  chamns  in  the  parenchyma  of  the 
body  (vacuoles  of  Dujardin),  is  apparent  from  its  regularity.  When  it  is  as- 
serted, in  proof  of  the  inconstancy  of  these  vacuoles,  that  exactly  similar  ones 
frequently  make  their  appearance  in  other  parts  of  the  body,  this  appears  to 
me  to  arise  from  very  different  things  bdng  confounded  together.  The  swell- 
ing dilatations  of  existing  vessels  are  certainly  often  regcurded  as  such  vacu- 
oles, without  its  being  remembered  that  these  dilatations  always  gradually 
decrease  again,  whilst  the  true  vascular  centres,  the  contractile  spaces,  always 
diminish  suddenly  in  healthy  animals.  Koreover,  in  diseased  Infusoria,  an 
exudation  of  a  fluid,  with  which  the  parenchyma  is  normally  imbued,  appears 
to  take  place  from  it  even  into  the  cavity  of  the  body,  and  perhaps  into  chasms 
oi  the  parenchyma,  as  we  often  see  it  take  plaoe  in  Infusoria  and  many  other 
low  invertebrate  animals,  on  the  surface  of  the  body.  These  sarcode-drops 
appear  to  be  incapable  of  ever  being  again  absorbed ;  but  their  fcmnation 
always  appears  to  lead,  although  slowly,  to  the  death  of  the  animal." 

After  the  above  details,  lAchmann  inquires  the  nature  ot  the  frmction  this 
vascular  apparatus  performs ;  and  having  satisfied  himself  <^  the  nonexistenoe 
of  a  communication  between  the  interior  of  the  veside  and  the  external  sur- 
£EU)e,  he  rejects  the  idea  of  its  being  a  water-vascular  system,  as  '*  we  do  not 
possess  tke  certain  proof  of  one  of  tiie  most  essential  requirements  of  a  water- 
vascular  system — the  existence  of  an  external  orifice, — and  Bome  things 
appear  directly  opposed  to  it." 

Mr.  Carter  coinddes  with  lAchmann  in  many  particulars  respecting  the 
structure  of  the  vascular  system  of  Ciliata ;  but  in  others  he  materially  diffinrs : 
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for  inBtanoe,  he  thii^  he  has  made  oat  the  ezistenoe  of  iq^ertnres  opening 
on  the  free  soifBioe  whether  of  the  alimentary  tube  or  of  the  general  integu* 
ment,  doee  to  one  or  other  of  which  he  always  finds  the  vesicle ;  and,  with 
this  view  ci  the  structore,  he  connects  the  Action  of  an  excretory  oigan 
with  the  sac  in  question. 

To  support  this  view  respecting  the  offioe  of  the  omtractile  veside,  he  ad-> 
vances  the  following  observations  (op.  eit.  p.  126) : — *^  1st.  It  is  always  seen 
either  dose  to  the  pellicula  or  dose  to  the  buccal  cavity,  and  always  sta- 
tionary. Thus,  in  Paramecium  Aurelia  it  is  dose  to  the  soiface,  and  although 
it,  of  oouise,  passes  out  of  view  as  the  animalcule  turns  on  its  long  axis,  yet 
it  always  reappears,  after  contraction,  in  the  same  place, — ^while  in  VorticeUa 
it  is  attached  to  Ihe  buccal  cavity,  and,  being  centrlcally  situated,  seldom 
passes  out  of  view,  except  when  it  disappears  under  oontraotion,  after  which 
it  also  reappears  in  the  same  place. 

*^  2nd.  In  Actinophrys  Sol  and  other  AmoBba^  during  the  act  of  dilatation, 
the  vesicula  projects  fSeur  above  the  level  of  the  pellicula,  even  so  much  so  as 
oecasionally  to  form  an  elongated,  transparent,  mammilliform  eminence, 
which,  at  the  moment  of  contraction,  subsides  precisdy  like  a  blister  <^  some 
soft  tenadous  substance  that  has  just  been  pricked  witii  a  pin. 

'*  3rd.  Lastly,  when  we  watch  the  contraction  of  the  vesicula  in  a  recently 
encysted  VorticeUa,  we  observe  that  at  the  same  moment  that  it  contracts 
the  buccal  cavity  becomes  filled  with  fluid,  and,  farther,  that  this  fluid  dis-* 
appears  from  the  buccal  cavity,  and  all  trace  of  the  latter  with  it,  long  before 
the  vesicula  reappears, — thus  proving  at  once  that  the  fluid  comes  from  the 
vesicula,  and  does  not  return  to  it,  whatever  may  become  of  it  afterwards. 

"  The  position  of  this  organ,  then,  its  manner  of  contracting,  and  the  buccal 
eavity  of  encysted  VorticeUa  becoming  fiUed  with  fluid  the  moment  it  disap- 
pears (where  we  know  it  to  be  attached  to  the  buccal  cavity,  and  not  to  the 
pellicula),  are  almost  condudve  of  its  excretory  office." 

Adopting  SpaUanxani's  observation  (which,  however,  wants  confirmation  to 
establish  it  as  the  rule)  that  the  fusiform  sinuses  of  Paramecium  Aurelia  be- 
come empty  as  the  veode  fills,  and  do  not  reappear  until  some  time  after  it 
has  ocmtracted,  he  infers  **  that  the  fluid  with  which  the  vesicula  is  distended 
comes  through  the  sinuses,  but  is  not  returned  by  them  to  the  body  of  the 
Parameciums^ 

"  Now  in  some  cases,"  he  continues,  "  fSaint  hyaline  or  transparent  lines 
may  be  seen  to  extend  outwards  ^m  each  of  these  sinuses,  which  Hues, 
Eckhard  has  stated,  *  traverse  the  body  in  a  stellate  manner.'  Hence,  when 
we  add  Eckhard's  evidence  (which  I  have  been  able  to  confirm  in  a  way  that 
will  be  presently  described)  to  the  observation  of  Spallanzani,  and  connect 
this  witli  the  facts  already  adduced  in  favour  of  the  excretory  offioe  oS  the 
vesicala,  it  does  not  seem  unreasonable  to  condude  that  the  whole  together 
forms  an  excretoiy  vascular  system,  in  which  the  vesicula  is  the  chief  recep- 
tade  and  oigan  of  expulsion. 

'<  While  watching  Paramecium  Aurelia,  I  on  several  occasions  not  only  ob- 
served that  the  vesiculsB  were  req)ectively  surrounded  by  from  seven  to 
twelve  pyrifonn  sinuses  of  di£ferent  sizes,  and  that  lines  extended  outwards 
frxmi  them  in  the  manner  described  by  Eckhard,  but  I  frirther  observed  that 
tiiese  lines  were  composed  of  a  series  of  pyrifonn  or  fusiform  sinuses,  which 
diminished  in  size  outwards ;  and  frequently  I  could  trace  as  many  as  three 
in  succession,  induding  the  one  next  the  vesicula.  Hence  I  am  inclined  to 
infer  that  this  vascular  system  throughout  is  more  or  less  composed  of  chains 
of  such  sinuses,  and  that  all  have  more  or  less  contractile  power  like  that  of 
the  vesicula.  Just  preceding  death,  when  Paramecium  Aurdia  is  compressed, 
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and  ander  other  foyonrable  drcumstaiioes,  these  sinuses  ran  into  oontiniioiiB 
hyaline  lines,  and  may  not  only  be  seen  extending  in  a  radiated  yascolar 
form  across  the  animalcule,  but  even  branching  oat  round  the  positicm  of  the 
yesiculay  which,  having  now  become  pennanenUy  contracted,  has  thus  poured 
back  the  contents  which  render  them  visible.  They  enter  the  lower  or  innar 
part  of  the  organ,  and  at  this  point,  therefore,  are  pushed  inward  as  the  ved- 
cula  becomes  distended.  Under  the  same  circumstances,  also,  when  the  vesi- 
cula  is  slowly  dilating  and  contracting,  it  may  be  seen  to  be  attached  to  a 
small  papilla  on  the  sur&ce,  about  twice  the  diameter  of  those  which  wir- 
mount  the  trichocysts,  and  through  which  it  probably  empties  itself  (XAVlil. 
25).  In  Oto9toma  there  appears  to  be  a  similar  arrangement  of  vesicles  round 
each  vesicula ;  and  here  also  they  seemed  to  me  to  be  branched — at  least 
such  was  my  impression  after  having  watched  this  animalcule  for  a  long  time 
in  order  to  determine  the  point." 

<<  Of  the  use  of  the  vesicula  and  its  vascular  system,"  Mr.  Carter  oonclades, 
**  we  are  at  present  ignorant,  further  than  that  its  fiinctions  are  exonetory ; 
and  when  we  observe  the  quantity  of  water  that  is  taken  into  the  sarcode 
with  the  food,  and  try  to  account  for  its  disappearance,  it  does  not  seem 
improbable  that  the  vesicula  and  its  vessels  should  be  chiefly  concerned  in 
this  office.  Another  service,  however,  which  it  performs,  is  to  burst  the 
spherical  membranes  of  VorticeUcB  and  Plcuconias  when  tiiey  want  to  retnni 
to  active  life  after  having  become  encysted :  this  it  effects  by  repeated  dis- 
tension, until  the  lacerated  cyst  gives  way  sufficiently  tor  the  animalcole  to 
slip  out." 

*^  Should  it  have  any  other  uses,  they  are  probaUy  similar  to  those  of  the 
*  water-vascular  system '  of  Botifera.'^ 

In  answer  to  the  question,  if  all  vacuolar  spaces,  excepting  those  produced 
by  the  d^lutition  of  food,  belong  to  this  excretory  system  of  contractile  si- 
nuses, he  replies — "  Certainly,  where  there  is  a  plurality  of  activdy-oon- 
tracting  vesicles  without  the  appearance  of  the  vesicula,  as  in  CkUodan  Cued- 
ItduSf  we  may,  as  before  stated,  attribute  this  to  a  kind  of  over-irritability  or 
constrictive  spasm  of  the  vesicula,  and  therefore  consider  that  theee  vesides 
are  accidental  dilatations  of  the  sinuses  in  connexion  with  it,  as  we  may  set 
down  the  dropsical  state  of  HimantopTiarus  Oharon  (Ehr.),  and  other  anmud- 
cules  of  the  land,  to  an  opposite  condition  of  this  organ,  viz.  that  in  which  it 
is  unable  to  relieve  itself  of  its  contents :  this  I  have  often  seen  occur  under 
my  own  eyes." 

Many  thanks  are  due  to  Mr.  Carter  for  his  painstaking  investigation  on 
this  subject.  We  are  nevertheless  very  doubtful  of  severed  of  his  details  of 
stracture.  For  example,  he  describes  globular  sinuses  to  appear  around  the 
vesicle  when  an  animalcule  is  exhausted,  and  those  of  Paramecium  to  nm 
into  radiating  hyaline  (moniliform)  lines  just  before  death  and  under  a 
certain  amount  of  compression.  Now,  such  conditions  are  ill-adapted  to 
accurate  research ;  and  knowing  how  readily  the  integrity  of  the  soft  filmy 
substance  of  the  Protozoa  is  disturbed,  and  diffiuence  induced,  by  un&vourahle 
external  circumstances,  the  observation  in  question  must  be  received  **  cmm 
grano  salis."  Moreover,  looking  to  most  of  his  figures  (which,  we  regret, 
are  rather  diagrams  than  exact  delineations  after  natura),  the  impresaon 
forces  itself  upon  the  mind,  that  he  has  many  times  mistaken  the  commence- 
ment of  diffiuence,  and,  in  some  instances,  vacuolation  resulting  from  the 
entrance  of  water  into  the  tissues,  for  the  manifestation  of  sinuses  about 
the  contractile  vesicle  or  scattered  over  the  body  in  connexion  with  it 
Thus  we  should  rather  attribute  the  several  vesicles  this  naturalist  saw  in 
different  numbers,  and  variously  and  irreg^ularly  dispersed,  in  different  ape- 
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cbnens  of  CkUodon  OucuUtdus,  to  one  or  other  or  to  both  of  the  ccmditions  we 
have  mentioned,  than  to  the  pnrely  hypothetical  notion  of  the  presence  of  a 
state  of  "  oyer-irritability "  in  a  presumed  vascular  network.  It  is  here 
worth  calling  to  mind  Stein's  belief  that  gentle  pressure  may  give  rise  to  a 
stellate  or  branched  appearance  of  the  vesicle,  and  that  the  conflicting  ac- 
eoonts  between  Ehrenberg  and  Eocke  are  reooncileable  on  the  supposition 
€i  this  oceurrence  (Stein,  p.  240). 

With  reference  to  the  hypothesis  that  the  vascular  apparatus  is  <»ily  ex- 
cretoiy  in  function,  we  may  remark  that  the  exercise  of  such  an  office  is  no 
Ymt  to  that  of  a  respiratoiy  function,  since  the  latter  is  in  itself  in  part  an 
excretory  process,  and  among  the  lower  Invertebrata  many  examples  might 
be  cited  where  (me  and  the  same  mechanism  is  equally  respiratory  and  ex- 
cretory  in  purpose. 

We  may  add  that  Mr.  Samnelson  (J.  M.  S.  1857,  p.  105)  agrees  with 
Lachmann  in  attributing  to  the  contractile  vesicle  a  cardiac  nature,  and  sup- 
pHee  the  following  particulars : — "  In  Paranudwn  eaudatum  a  species  of 
AmpkUeptm^  a  freed  Vortieella,  &c.,  I  have  frequently  and  clearly  traced 
the  canals  that  empty  themselves  into  the  contractile  vesicle.  In  the  second- 
named  species  tiiese  canals  were  very  perceptible ;  they  proceeded  along  the 
edge  of  die  body  where  the  cilia  were  the  most  active  (also  probably  because 
there  the  current  of  fresh  water  would  be  constantiy  renewed),  and,  at  the 
embouchure  into  the  central  vesicle,  swelled  into  a  bulb-shape.  In  the  Tor- 
Hcella,  the  eawtraetile  veHde  had  a  canal  which  either  eommwncated  with  the 
extertud  wrfate  through  the  oral  aperture,  or  passed  rotmd  the  oral  wreath. 
I  was  inclined  to  believe  tiie  latter  to  be  the  case  (perhaps  my  bias  may  have 
influenced  the  observation). 

**  In  certain  Infusoria  there  appears  to  be  a  more  active  vital  power  than 

in  others.     Thns  in  Glaucoma (especially  such  as  are  probably  larval 

forms),  the  contractile  vesicle  appears  to  have  the  power  only  to  form  a  row 
of  auxifiary  vesicles  around  it,  whilst  in  Amphilepitu  (which  approaches  the 
Planarians  in  its  character),  the  Setifera  or  biistie-bearers,  and  other  types 
it  is  more  powerful,  and  the  fluid  is  ejected  with  sufficient  force  to  work  its 
way  into  tlie  bo^,  and  form  canals  or  arteries,  however  primitive  they  may 
be.  The  progressive  vitality  I  have  often  noticed  in,  the 'same  form  at  dif» 
ferent  stages  of  its  growth.'' 

On  a  survey  of  the  feicts  and  opinions  now  passed  in  review,  it  seems  to  us 
^lat  the  contractile  vesicle  is  a  closed  sac  representing  a  central  circulatory 
organ  or  heart  in  its  most  rudimentary  condition ;  that  this  cardiac  sac  pro- 
pda  its  contents  through  a  more  or  less  complex  system  of  channels,  probably 
walled,  extended  through  the  cortical  lamina  of  the  body ;  that  the  contents 
represent  a  chyle  or  blood,  formed  by  the  process  of  digestion,  and  absorbed 
by  the  vessels ;  that  this  chyle  is  exposed  in  the  carddac  pulsating  vesicle 
especially,  and  in  the  ramified  channels  lees,  to  the  indirect  action  of  the  water 
incessantly  introduced  within  the  body,  or  constantiy  surrounding  it  exter- 
nally, and  thereby  becomes  aerated,  and  consequentiy  in  all  probability  fur- 
ther elaborated;  lastly,  that  the  perfected  chyle  is  circulated  through  its 
channels,  and  brought  by  tiiem  into  the  immediate  vicinity  of  the  tissue  in 
wliich  the  most  active  vital  changes  are  going  on,  and  which,  on  account  of 
its  higher  difTerentiation,  especially  when  in  the  form  of  cilia,  integument, 
&e.,  demands  the  greatest  supply  of  nutritive  matters  to  repair  its  waste  and 
to  provide  for  the  processes  at  growth  and  development  perpetually  proceed- 
ing in  it  or  in  its  appended  oigans. 

Since  the  forgoing  review  of  the  structure  and  toictions  of  the  contractile 
vesicle  was  written,  lieberkiihn's  valuable  contribution,  founded  on  original 
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researches  chiefly  concerning  Bwr$aria  and  Ophryoglma,  have  come  into  oar 
hands  (A,  N.  H,  1856,  xviii.  p.  328).  Since  the  introdnction  of  it  pieoeineal 
in  our  history  of  the  organ  would  hoth  have  sacrificed  its  merits  as  an  original 
essay  and  have  distnrhed  the  continuity  of  our  own  account,  we  have  deter- 
mined to  reproduce  it  here  as  a  suppkonent. 

After  descrihing  the  existence  of  two  vesicles  in  Ophryoghna  and  Bur$aria^ 
one  near  the  mouth,  the  other  situated  posteriorly,  he  goes  cm  to  say  that  if 
we  examine  a  Bursaria  fiava  containing  only  the  smallest  forms  of  the 
strongly  refractive  granules,  "  with  a  power  of  300  diameters,  we  perceive 
near  the  sur&ce  a  quantity  of  light  streaks,  which  run  together  towards  the 
contractile  vesicle  from  the  anterior  and  posterior  parts  of  the  body,  in  more 
or  less  considerable  curves.  In  each  streak  we  detect  an  extremely  delicate 
but  perfectly  distinct  canal,  terminating  ultimately  in  the  contractile  vesicle ; 
its  walls  and  its  contents  are  readily  distinguished  by  their  different  refrac- 
tive power.  When  one  of  these  canals  is  traced  backwards  from  its  orifice, 
we  may  often  perceive,  after  it  has  run  a  short  distance,  a  ramification  :  this 
may  frequently  be  traced  to  one  of  the  extremities  of  the  body,  and  some- 
times it  gives  off  another  branch  ;  ultimately  the  canals  become  so  excessively 
fine  that  they  are  invisible.  Their  opening  into  the  vesicle  and  their  coarse 
in  running  from  it  are  seen  very  distinctly  when  the  contractile  vesicle  is 
turned  directly  upwards ;  we  may  then  recognize  how  the  canals  run  between 
the  contractile  reservoirs,  which  lie  very  dose  to  the  sur&oe  of  the  body,  and 
between  the  sur&ces  of  the  body  inside  the  cortical  substance ;  and  the  ori- 
fices may  likewise  be  seen.  AnoUier  remarkable  position  is  when  the  nnol^is 
is  turned  next  the  observer  at  the  surface  of  the  body ;  the  canals  are  then 
seen  remarkably  clearly  on  its  bright  backgroimd.  A  few  canals  always  run 
over  directly,  with  a  slight  curvature,  towfurds  the  posterior  part  of  the  mouth. 
When  the  animalcule  lies  so  that  the  contractile  vesicle  appears  at  the 
margin  of  the  body,  there  is  sometimes  an  i^pearance  as  if  one  or  more  of 
the  canals  opened  externally  at  this  point ;  but  close  examination  shows  that 
they  curve  round  and  run  towards  otiier  parts  of  the  body. 

'*  The  number  of  vessels  opening  iuto  the  contractile  vesicle  in  Bfivnaena 
flam  is  about  thirty ;  this  number,  or  a  few  more  or  less,  existed  in  all  the 
specimens  which  I  examined  in  reference  to  this  point.  They  are  apparently 
uniformly  distributed  over  the  whole  sur&ce. 

''  The  specimens  of  Bwnaria  flam  with  two  contractile  vesicles  have  the 
system  of  canals  double,  each  system  grouped  independently  around  its  re- 
servoir. The  canals  of  the  posterior  reservoir  stretdi  into  the  district  of  the 
antericMT ;  but  I  have  never  been  able  to  detect  any  communication  between 
the  two.  In  the  OphryogUncB  from  the  Spree  very  little  could  be  detected 
of  the  canals,  even  when  the  interior  of  the  body  contained  only  slightly  re- 
frtictive  substances.  When  a  suitable  specimen  is  somewhat  compressed  be- 
tween the  glasses,  so  that  it  cannot  move  about,  the  vessels  are  especially 
seen  when  they  have  the  nucleus  for  a  background^  and  when  they  end  in 
the  contractile  vesicle. 

<<  I  have  never  been  able  to  trace  any  vessels  into  the  interior  of  the  body 
— ^for  instance,  towards  the  nucleus.  I  am  also  ignorant  at  present  whetha 
that  part  of  the  contractile  vesicle  which  is  turned  toward  the  centre  of  the 
body  of  the  animalcule  receives  any  vessels. 

"  Both  Bursariaflaya  and  Ophryoglena  flavtcans  belong  to  those  Infrisoria 
in  which  the  contractile  reservoirs  may  assume  the  well-lbiown  stellate  fiHrm. 
Yon  Siebold  describes  this  phenomenon  in  Paramecium  in  the  following 
words  :-^<  These  pulsating  spaces  have  a  very  striking  shape;  they  consist  of 
two  central  round  cavities,  around  which  stand  from  five  to  seven  smaller 
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pear-ebftped  reseiToirB,  with  points  directed  outwards  in  the  shape  of  a 
star.  In  the  pulsation  of  these  strange  star-shaped  reservoirs  sometimes 
the  stars  disappear  entirely,  sometimes  only  the  central  round  spaces,  and 
sometimes  only  the  rays.'  The  opaque  BwsaruB  exhibit  this  phencnnenon 
just  in  the  same  way  as  it  is  described  by  Yon  8iebold ;  and  those  speci- 
mens in  which  tiie  vascular  system  can  be  detected,  offer  the  explanation 
of  it.  The  small  pear-shaped  spaces  are  really  the  commencements  of  the 
vessels,  which  expand  with  the  accumulated  fluid ;  and  the  rays  are  the 
further  prolongations  of  the  same,  which  may  be  traced  to  the  ends  of  ihe 
bo^. 

"  At  the  moment  when  the  contractile  vesicle  has  attained  the  greatest  ex- 
pansion (that  is,  when  the  diastole  is  terminated),  it  appears  in  the  form  of  a 
globe  filled  with  colourless  fluid,  from  which  the  vessels  run  out  on  all  sides 
in  the  cortical  substance  as  canals,  apparently  of  equal  diameter ;  they  have 
at  this  time  the  smallest  diameter  they  can  assume  at  their  emlxrachure  into 
the  reservoir.  In  opaque  specimens,  this  is  the  moment  when  the  opened 
contractile  vesicle  is  olraerved.  A  little  before  we  observe  the  commencement 
ci  ihe  systole,  the  vessels  begin  to  expand  slowly,  at  points  distant  about  one 
diameter  of  the  contractile  vesicle  from  the  sur&ce  of  ike  latter,  to  many  times 
their  original  size.  The  more  the  systole  progresses,  the  wider  and  longer 
beeome  the  swollen  places,  and  they  approach  gradually  to  the  contrac^e 
vemde.  If  we  make  an  observation  at  tiie  moment  when  the  diameter  of  the 
contractile  vesicle  is  diminished  to  about  one-fourth  of  its  original  size,  the 
shape  of  the  apparatus  agrees  in  all  essential  p<nnts  with  the  weU-known 
stellate  figure  represented  by  Bujardin  in  Paramedum  Aurelia,  with  the 
single  exception  that  the  embouchures  of  the  rays  are  distinctiy  visible,  and 
their  peripheral  prolongations  run  out  widely  in  the  form  of  canals  over  the 
entire  animalcule.  Opaque  specimens  of  the  Bursaria  display  the  phenome- 
non only  in  such  a  degree  that  the  rays  terminate  in  delicate  attenuated 
pdnts,  at  a  distance  of  about  one  diameter  of  the  reservoir  from  the  latter. 
When  tlie  contractile  veside  has  closed  completely,  the  fdsiformly-expanded 
vessels  only  are  seen,  as  they  run  together  with  their  apices  to  one  point. 
This  completes  tiie  systole.  The  diastole  then  recommences.  If  we  examine 
the  animal  at  the  moment  when  the  reservoir  has  again  attained  half  its 
greatest  diameter^  we  find  a  totally  different  appearance  from  that  at  the  cor- 
responding ^>och  of  the  systole.  The  vessels  are  not  expanded  now  in  the 
form  of  a  spindle,  but  of  a  funnel,  with  the  base  of  the  fdnnel  in  the  contrac- 
tile vesicle,  and  tiie  point  prolonged  out  into  the  vesseL  This  is  the  form 
whidi  Ehraiberg  has  figured  in  Paramecmm  Awrelia,  only  omitting  the  fur- 
ther prolongations  of  the  vessels.  Yon  Siebold  rejects  Ehrenberg's  figure 
and  reoognizes  Dujardin's;  but  both  are  really  correct,  only  representing 
dLffiarent  instants ;  Bujardin  gives  a  stage  of  the  systole,  Ehrenberg  of  the 
diastole. 

**  The  more  tiie  contractile  vesicle  now  expands,  the  more  is  the  ^pth  of 
the  fhnnel  decreased,  and  its  diameter  proportionately  increased ;  or,  in  other 
words,  the  vessel  expands  only  at  its  embouchure,  and  the  depth  of  the  ex- 
panded part  decreases  in  proportion  with  the  advance  of  the  diastole.  In 
opaque  BwrtaruB  we  see  at  this  time  only  the  contractile  vesicle  produced  out 
in  various  directions  into  short  fimnel-shaped  processes.  By  degrees  th^ 
processes  entirely  disappear, — ^the  contractile  vesicle  having  expended  to  its 
original  volume.  We  now  see  again  how,  from  the  folly-expanded  contrac- 
tile vesicle,  the  whole  of  the  vessels  run  out  in  the  cortical  layer,  in  all  di- 
rections, as  slender  streaks ;  in  opaque  specimens  only  the  contractile  reser- 
voir is  visible. 

t2 
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*'  The  prooesses  above  described  are  those  usually  observed  when  a  suitable 
specimen  is  placed  so  that  it  cannot  move,  or  only  move  very  little,  upon  the 
dider.  If,  however,  a  Bursaria  is  compressed  somewhat  more  with  the  oo* 
vering-glass,  or  if  the  water  on  the  slider  is  almost  all  evaporated,  some  other 
peculiar  phenomena  present  themselves,  not  only  in  the  contractile  vesicle, 
but  in  the  vessels.  The  last  diastole  coming  perfectly  to  rest,  and  nothing 
unusual  being  observed,  except  that  the  reservoir  is  more  elongated,  with  the 
systole  appear  suddenly  two  contractile  vesicles  instead  of  one ;  that  is,  a 
portion  of  the  surrounding  substance  makes  its  way  across  the  middle  of  the 
contractile  vesicle  while  it  is  contracting,  and  thus  divides  it  into  two  parts. 
Each  of  these  two  new  reservoirs  has  its  own  systole  and  diastole.  In  moet 
cases  their  contractions  do  not  occur  at  the  same  moment.  Each  is  in  con- 
nexion with  those  vessels  which  opened  into  it  before  the  separation.  The 
vessels  exhibit  the  same  play  as  if  there  were  but  one  uninjured  contractile 
vesicle.  Sometimes  the  two  reservoirs  reunite  into  a  single  one.  I  saw  this 
happen  during  a  diastole  which  occurred  exactly  simultaneously  in  both :  they 
advanced  near  together,  projected  out  points  toward  each  each  other,  which 
came  in  contact  and  formed  a  dumb-beU-shaped  reservoir ;  and  this  was  ra- 
pidly converted  into  a  globular  vesicle,  which  contracted  and  expanded  as  at 
the  origin. 

"Von  Siebold  has  already  observed  in  PhUUina  vermicularts,  Bwrmria 
cordiformiSf  <&c.,  '  that  in  strong  contractions  of  the  whole  body,  a  laigish 
round  pulsating  space  was  drawn  out  longitudinally,  constricted  in  the  mid- 
dle, aad  at  length  was  separated  into  two  smaller  round  spaces — exactly  as 
occurs  when  a  drop  of  oil  is  separated  into  two  portions.'  During  the  above- 
described  alterations  in  the  contractile  vesicles^  alterations  ordinarily  take 
place  in  the  vessels  also.  Thus  expansions  appear  in  them  at  points  lying 
very  distant  from  the  contractile  reservoirs.  These  enlargements  are  not, 
however,  subject  to  rhythmical  disappearance  and  reappearance,  but  axe  per- 
manent ;  they  are  filled  with  the  same  colourless  fluid  as  the  contractile  vesi- 
cles, and  are  mostly  globular  or  ellipsoidal.  If  such  enlargements  of  the  vess^ 
are  seen  in  specimens  which,  from  unfavourable  optical  conditions,  do  not 
display  the  vessels  themselveB,  they  may  be  taken  for  vacuoles  (in  Dujardin's 
sense).  Their  connexion  with  the  vessels,  and  their  mode  of  origin,  which 
is  readily  accessible  to  observation,  prove  that  they  are  totally  distinct  from 
the  vacuoles  in  the  interior  of  the  body,  part  of  which  contain  nutrient  sub- 
stance, while  part  do  not 

"  I  have  not  succeeded  in  any  case  in  isolating  a  membrane  of  the  contrac- 
tile reservoir  or  of  the  vessels.  I  find  no  trace  of  cilia  in  the  interior  of  the 
vascular  system.  This  alone  suffices  to  distinguish  essentially  those  Infusoria 
furnished  with  vessels  from  the  Z>t9fama-embryo  in  which  G.  E.  Wagener  has 
discovered  ciliated  vessels* 

"  Different  hypotheses  have  been  put  forth  in  explanation  of  the  ftinction 
of  the  contractile  vesicles.  There  is  a  detailed  account  of  these  in  dapar^de's 
paper  on  AcHnophrys,  Clapar^e  rightly  explains  the  contractile  vesicles  as 
organs  of  the  circulation.  As  to  the  direction  in  which  the  fluid  flows  in  the 
vessels,  nothing  can  be  directly  observed  in  most  cases,  since  we  cannot  per- 
ceive in  the  fluid  any  solid  corpuscles  at  aU  similar  to  the  blood-corpuscles  oi 
other  animals.  Is  it  a  perfect  circulation  ?  or  does  the  fluid  flow  back  again 
in  the  same  vessel  in  which  it  has  been  propelled  forward  by  the  contractile 
vesicle  ?  or  are  the  contents  of  the  contractile  vesicles  constantly  expelled 
externally?  The  last  view  has  been  set  up  by  Oscar  Bchmidt.  fie  states 
that  he  has  seen  the  place  of  exit  in  the  genera  Bursaria  and  Paramedwn. 
Clapar^e  is  opposed  to  this,  since,  in  the  most  minute  examination,  he  was 
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enable  to  diBoover  that  the  contents  of  the  contractile  vesicle  were  expelled 
oxtanally  in  the  systole.  AeHnophrys  is  better  suited  to  the  settlement 
oi  this  qnestion  than  a  ciliated  Infdsonnm.  I  have  many  times  sought  for 
corrents  in  the  fluid  surrounding  AeHnophrys  Sol  and  A,  Eichhomii,  when  the 
fluid  contained  masses  of  fine  globules  immediately  in  front  of  the  projection 
of  the  contractile  reservoir ;  but  I  have  never  seen,  any  more  than  ClaparMe, 
any  corresponding  displacement  when  the  vesicle  contracted.  In  Bursaria 
^^•icaSf  B.  Vorticella,  Paramecium  Aurdia,  and  P.  Cfhrysalis,  I  obtained  the 
fiJWing  results : — ^The  contraction  takes  place  exactly  in  the  manner  de- 
ficiibed  by  Schmidt ;  the  vesicle  contracts  from  the  interior  of  the  animalcule 
towards  a  point  lying  near  the  sur&ce,  and  it  expands  on  the  entrance  of  the 
fluid  in  such  a  manner  that  it  increases  in  diameter  gradually  from  the  sur&u^e 
of  the  animacole  inwards  toward  the  centre.  But  does  this  teach  us  what 
Schmidt  concludes  from  it,  that  the  reservoir  expels  its  contents  outwardly 
every  time  when  it  contracts  toward  the  outside,  and  becomes  filled  from  without 
when  it  expands  toward  the  interior  ?  If  the  contractile  reservoir  is  attached 
by  that  part  tamed  toward  the  surface  of  the  animalcule  to  the  internal  sur&oe 
of  the  cortical  substance,  while  the  portion  projecting  into  the  interior  of  the 
body  is  free  in  the  soft  medullary  mass,  will  not  the  contraction  take  place 
from  within  outwardly,  and  the  expansion  from  without  inward,  whether  the 
flud  flow  inwards  or  outwards?  In  AeHnophrys,  sometimes  in  ArceUa  vtd^ 
S^rit,  and  in  Urostyla  grandis,  a  totally  different  import  must  be  attributed 
to  the  contractile  reservoir,  if  Schmidt's  criterion  be  valid ;  for  here  the  re- 
servmr  does  not  contract  toward  the  sur&ce,  but  toward  the  interior  of  the 
body,  and  forms  an  elevation  on  the  surfsu^e  when  it  becomes  filled,  as  de- 
scribed minutely  in  AeHnophrys  by  both  Yon  Siebold  and  Clapar^de.  But 
it  is  not  on  this  alone  that  Sdunidt  rests  his  opinion :  he  asserts  that  he  has 
ebserved  also  an  actual  external  orifice  of  the  contractile  vesicle.  I  must 
admit  that  BwMria  VorHeeUa  has  a  distinct  orifice  at  the  hinder  part  of  the 
body,  and  this  exactly  at  the  place  to  which  the  contractile  vesicle  contracts 
until  it  vanishes.  But  regarding  this  orifice  which  I  saw,  only  so  much  is 
established — ^that  it  is  the  anal  onfice  which  Ehrenberg  has  already  described. 
I  have  seen  the  emergence  of  remains  of  devoured  substances,  of  loricae  of 
BaeiUaria,  of  fine  undeterminable  granules,  &c.,  from  this  very  hole,  so  fre- 
quently, that  there  can  be  no  doubt  on  this  point ;  and  it  is  even  not  raro  for 
t  OQiposcle  to  alip  out  from  the  anal  orifice  during  the  diastole, — ^that  is  to 
say,  at  the  very  time  when,  according  to  Schmidt,  the  fluid  should  flow  in 
from  the  outsit.  I  found  the  Bursaria  just  named  during  spring  and  sum- 
mer in  standing  water  near  Tempelhof ;  it  agrees  in  the  main  with  Ehren- 
berg's  Bursaria  VorHcdla.  The  buccal  orifice  is  situated  as  in  Bursaria 
tnmeateUay  in  which,  however,  I  did  not  observe  any  contractile  vesicle  at 
the  posterior  end  of  the  bo^.  The  specimens  of  B.  truneaURa  I  observed 
were  all  about  ^  of  a  line  or  more  long,  those  of  B.  VorHeeUa  at  most  ^ 
of  a  Hae.  The  latter  is  in  any  case  not  a  Leueophrys;  therefore,  in  case 
Ehreubeig  considers  his  Bursaria  VorHeeUa  a  Leueophrys,  it  is  a  different 
animalenle  from  the  latter.  I  was  equally  imable  to  satisfy  myself  of  the 
oorreetnees  of  Schmidt's  view  in  the  Paramecia.  When  a  specimen  of  Para^ 
m^eimn  AureUa  lies  so  that  the  contractile  vesicle,  either  the  anterior  or  pos- 
terior, is  seen  at  the  margin,  it  appears,  under  certain  circumstances,  as  though 
a  short  canal  ran  directly  out  through  the  integument  of  the  animalcule ; 
hot  in  reality  it  <»ily  runs  into  the  int^:ument,  and  turns  round  toward  the 
side  of  the  body  directed  away  from  the  eye  :  I  found  the  same  in  Pararne^ 
ewm  Chrysalis  also :  it  was  always  one  of  the  rays  of  the  contractile  vcsiclo- 
which  presented  to  Schmidt  the  appearance  of  an  external  orifice.    The  same 
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is  the  case  in  Bursariajlava,  where  I  could  always  trace  the  duratore  of  the 
vessel  toward  the  opposite  side  of  the  body  most  distinctly.  F.  Stein  strongly 
questions  the  external  opening  of  the  contractile  yesicle  in  the  Variiedi^e. 
Hence  it  is  dear  that  the  explanation  of  the  contractile  vesicles  as  part  of  a 
water-vascular  system  is  unproven. 

'<  Is  it,  however,  established,  on  the  other  hand,  that  the  contractile  reser- 
voirs pour  back  their  contents  again  into  the  parenchyma  whence  they  re- 
ceive it,  as  Yon  Siebold  says?  And  if  this  is  l^e  case,  how  does  it  happen? 
Eveiything  indicates  most  strongly  that  the  contractile  vesicles  are  filled  out 
of  the  vessels  during  the  diastole.  We  see  how,  during  this  process,  tlie 
swollen  part  of  the  vessels  near  their  embouchure  gradually  or  sudd^y  re- 
turns to  its  smallest  diameter  as  the  stellate  figiue  vaniflhes ;  and  I  have 
observed  a  part  of  a  vessel  inflated  with  the  fluid,  originating  at  the  extrraoe 
end  of  the  animalcule,  traverse  the  whole  distance  up  to  the  contractile  vesi- 
cle during  a  single  diastole.  This  phenomenon  may  be  supposed  to  show  that 
the  abs<»:bed  fluid  which  had  inflated  the  vessel  into  a  gjLobule,  flowed  dming 
the  said  period  into  the  contractile  reservoir. 

"  But  if  there  is  a  fair  presumption  that  the  contractile  vesicles  are  filled 
out  of  the  vessels,  the  above  observations  teach  us  nothing  whatever  om  the 
question  as  to  where  the  fluid  flows  during  the  systole. 

*<  I  have  hitherto  only  become  acquainted  with  one  &ct  relating  to  this  point. 
In  Bursaria  VorticeUa  we  may  detect  the  following  &ct :  as  soon  as  the  c(Hi- 
tractile  vesicle  which  lies  at  the  posterior  end  of  the  body  has  contracted,  we 
may  observe  at  the  margins  of  the  animalcule,  in  its  usual  position  of  swim- 
ming, that  two  long  narrow  cavities  originate,  filled  with  transparent  ooloor- 
less  fluid ;  and  these  stretch  from  opposite  the  mouth  as  &r  as  tiie  region  of 
the  contractile  vesicle.  They  both  gradually  enlarge,  and  thus  approach  near 
to  the  anal  point ;  here  they  meet,  lose  their  often  very  iir^^ar  fiunm,  and 
change  into  the  globular :  &e  remaining  contents  of  the  bo^  are  dis^Jaeed 
upwards  by  this;  and  then  these  globular  reservoirs  contract  until  they 
vanish,  without  it  being  perceptible  where  the  fluid  has  been  driven  to ;  after 
some  time  the  narrow  light  streaks  reappear,  and  the  process  is  repeated 
in  the  way  above  described.  The  afferent  canals,  ther^ore,  are  not  filled 
at  the  commencement  of  the  systole ;  but  must  this  not  be  so  much  the 
more  expected  if  the  fluid  flowed  back  in  the  same  path  as  it  came  in,  the 
vanishing  of  the  contractile  vesicle  taking  place  much  more  rapidly  than 
its  production  ? 

<<  I  have  never  yet  found  in  any  Infusorium  special  canals  in  which  the 
fluid  is  seen  to  flow  back  into  the  body  during  the  systole,  and  which  would 
give  the  means  of  a  perfect  circulation." 

Nucleus.  Nucleolus. — ^A  most  important  internal  organ  r^naina  fox 
description,  viz.  the  nucUfM.  This  name,  if  not  accurate,  is  convenient  to  de- 
signate the  structure  in  question :  it  took  its  rise  in  the  hypothesis  of  the 
unicellular  nature  of  the  Ciliata,  and  has  ever  since  replaced  the  name 
'<  testis,"  or  male  spermatic  gland,  assigned  it  by  £hrenberg  <»i  the  si^ 
position  of  its  being  the  male  reproductive  organ  in  these  presumed  h^ma- 
phrodite  beings.  Indeed,  when  viewed  as  the  centre  of  reproductive  activity, 
or,  in  Prof.  Owen's  phraseology,  the  seat  of  the  *  spermatic  force,'  the  Berlin 
naturalist's  name  for  it  does  not  appear  so  inappropriate ;  neverth^ess  no  real 
homology  can  be  said  to  exist  between  the  testis  of  higher  animals  and  this 
body,  which,  on  the  contrary,  has  several  points  of  analogy,  at  least,  with  tiie 
nucleus  of  plant-cells ;  nor  can  a  hermaphrodite  nature  be  rightly  ascribed  to 
the  Ciliata. 

The  nucleus  is  present  in  all  the  Ciliata,  and  is  mostly  very  readily  seen, 
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unless  the  body  ia  miieh  ooonpied  by  food  and  opaqne  paitioles  of  any  kind. 
If  not  at  once  apparent,  it  is  demonstrable  by  the  disruption  of  the  body  by 
pressure ;  by  the  process  of  diffluenoe,  which  disperses  the  surrounding  tissues ; 
or  by  the  additimi  of  acetic  acid,  which  dissolves  the  rest  of  the  animal, 
leaving  the  nucleus  more  or  less  c(»npletely  isdated. 

It  occurs  as  a  well-defined,  findy-granular,  more  or  less  opaque  body, 
having  a  more  solid  look  than  the  surrounding  parts,  and  frequently  also 
a  tawny  «r  alight  yellow  bluah  (XXIX.  28  c,  30  <?,  48c;  XXX.  1,  11  d, 
12  b,27  f).  It  varies  both  in  position  and  shape  in  different  species,  and 
either  presents  one  or  more  internal  spots  or  small  bodies  of  a  circular  outline 
which  TepreBent  the  nucleolus  or  nucleoli,  or  this  organ  may  appear  as  a 
diatinot  appendage  to  it  (XXVIII.  9-15;  XXIX.  28).  The  nucleus  is  im- 
bedded in  or  doeely  united  with  the  cortical  lamina ;  and  although  it  may  be 
thrust  aside  by  the  impetus  of  passing  particles  of  food,  it  retains  its  hold. 
Under  the  usual  point  of  view  of  an  animalcule,  its  position  will  look  more 
central  than  it  really  is ;  for  it  is  either  in  advance  or  in  rear  of  the  real 
centre,  or  to  one  side  or  other  of  it,  and  often  lies  across  the  alimentary  tube 
when  dongated  or  band-like.  But  ^diat  is  curious  about  this  organ  is,  that 
it  ia  not  at  all  firmly  fixed  in  its  positicm,  but  is  pushed  forward  or  backward 
to  one  side  and  to  the  other  by  the  movements  of  the  animal,  particularly  by 
those  of  the  retractile  ciliary  wreath,  and  also  by  the  ingestion  of  food.  This 
may  be  witnessed  in  Opercularia  and  EpistyUs.  Lastly,  even  in  examples  of 
tiie  same  species  its  position  is  not  constant. 

The  usual  figure  of  the  nucleus  is  circular  or  oMong,  but  it  may  be  davate  or 
reniform,  or  sinuouB  and  band-like.  The  first  type  of  outline  prevails  in  Para- 
vueium  (XXIX.  28),  Colpoda  (XXIX.  37),  NoMuIa  (XXVIH.  1),  CkOodon 
(XXIX.  48),  Spiroehona  (XXX.  17),  and  Stylonyehia  (XXVHI.  10  d).  A 
reniform  or  ki&ey-shaped  one  is  seen  in  JEpistylis  pltcatUis,  in  Operetdarta 
articulata  (XXX.  1),  and  in  0.  berlmina ;  a  horse-shoe  figure  in  Vorticella  and 
Zoothammian ;  whilst  in  Epistylu  branehiophUa,  in  Ophrydium  (XXX.  5, 6), 
Carthenumy  TriehodifM  (XXIX.  16,  17),  Lagmophrys  (XXX.  29,  30),  &c. 
it  ia  still  more  elongated  and  band-like  and  much  curved,  or  actually  sinuous. 
Ck>hn  represents  it  as  having  a  thick  clavate  figure  in  Nassula  elegans.  The 
figure,  miHreover,  is  very  much  modified  during  the  reproductive  processes, 
and  in  the  metamorphoses  which  befall  some  at  least  of  the  Ciliated  Protozoa ; 
these  modifications,  however,  we  shall  not  here  consider,  but  reserve  them  to 
the  details  on  development.  Again,  even  among  examples  of  the  same  species, 
slight  variations  occur  in  length  and  width,  and  in  curvature  or  sinuosity, 
where  no  reproductive  act  is  discemibly  in  progress.  Lastly,  not  a  few  of 
the  nuclei,  which  are  at  first  sight  simply  oblong,  are,  on  closer  examination, 
seen  to  have  a  depression  or  sulcus  on  one  side,  and  consequently  to  be,  strictly 
q)eaking,  bean-  or  kidney-shaped.  This  is  exemplified  in  the  nuclei  of  Para^ 
meemmy  certain  Namdas,  and  in  Pntrodon. 

Where  the  nucleus  is  elongated,  it  is  a  eommon  event  to  see  it  bent  par- 
tially round  the  pharynx  or  &e  cesophagus,  at  some  little  distance  from  it. 

The  nucleus  being  the  last  of  the  soft  contents  to  break  up  after  death, 
is  presumably  of  a  more  solid  texture.  Its  tissue  may  be  described  as 
normally  homogeneous ;  but  various  changes  are  ever  occurring  in  it,  render- 
ing it  at  one  time  more  transparent,  at  another  more  granular  and  opaque. 
It  must  owe  a  certain  degree  of  resistance  to  external  injuries  to  the  fact 
tiiat  it  is  enclosed  by  a  tough  elastic  membrane  or  sac,  which  sometimes  is 
separated  from  it  by  a  clear  interspace  or  areola,  but  at  other  times  is  closely 
a^erent,  and  only  demonstrable  by  artificial  means,  such  as  the  application 
of  chemical  reagents,  or  of  a  solution  of  potash,  or  of  acetic  acid:   this 
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happens  in  Voffinieola.  When  loose,  this  membrane  not  unfireqnently  £alls 
into  plaits  or  folds.  It  is  represented  in  Cohn's  figure  of  the  nucleus  of 
Nasaula  elegans  as  a  veiy  distinct  and  stout  tunic. 

The  rule  is,  that  the  nucleus  is  single,  and  it  has  been  assumed  as  a  fetct 
that  the  appearance  of  a  double  nucleus  or  of  two  nuclei  is  a  general  indica- 
tion of  the  approaching  or  progreasiye  act  of  fission.  However,  Stein  in  a 
recent  figure  of  Styhnychia  mytilus  (XVIII.  10),  delineated  in  Cajrus's  loones 
ZooUnnicdB,  represents  two  ovoid  nuclei  as  present  without  the  accompanying 
process  of  self-division.  In  CMlodon  OucuUtUua,  he  also  represents  the 
nucleus  (XXX.  48  «)  to  be  composed  of  a  moderately  thick  eztcumal  or  cor- 
tical portion  surrounding  a  clear  cavity,  in  the  centre  of  which  the  opaque 
solid  nucleolus  is  placed.  The  cortical  lamina,  he  affirms,  consists  of  the  usual 
homogeneous  granular  substance  which  makes  up  the  mass  of  most  nuclei, 
but  rather  fiirmer;  and  its  internal  free  sur&u^  towards  the  cavity  is,  he 
says,  undulated  or  dentated.  The  interspace  between  the  nuclear  lamina 
and  the  nucleolus  is  not  always  clear,  but  occasionally  occupied  by  a  cloudy, 
finely-granular  matter, — ^whence  the  nucleus  acquires  rather  the  characters  of 
a  homogeneous  tissue,  having  a  central,  well-defined  nucleolus.  Although 
the  last-named  structure  is  probably  never  absent,  it  has  nevertheless  escaped 
Stein's  notice  in  very  young  specimens.  The  nucleus  of  Spirochcma  in  young 
specimens  is  either  solid  and  homogeneous,  or  transversely  divided  into  two 
by  a  crescentic  space  (XXX.  28/) ;  the  nucleolus  occupies  the  middle  of  the 
nuclear  cavity,  and  has  around  it  a  finely-dotted  areola  (XXX.  17). 

In  the  case  of  Paramecium  both  Cohn  and  Stein  describe  the  nucleolus  to 
be  included  in  a  depression  or  hilum  on  one  side  the  nucleus.  like  the 
nucleus  it  is  formed  of  a  membranous  coat  and  homogeneous  contents  (XX TX. 
28  d) ;  the  connexion  between  the  two  appears  to  be  only  by  the  adhesion  of 
their  membranes,  an  adhesion  readily  broken  through  by  pressure  or  by  the 
action  of  acetic  acid.  Further,  in  the  long  band-like  nuclei,  the  nucleoli 
seem  to  be  multipHed  in  number. 

On  the  subject  of  its  chemical  nature.  Stein  concludes  from  the  reaction  of 
tincture  of  iodine,  and  of  acetic  acid  with  a  solution  of  sugar,  that  the  nucleus 
is  a  proteine  compound,  like  the  other  contents,  except  the  fat-coipusdes. 

Although  its  office  in  secreting  a  spermatic  fluid  may  be  justly  called  in 
question  (direct  observation  being  contrary  to  it),  yet  thijs  so-called  testis,  or, 
perhaps  more  correctly,  this  nucleus,  certainly  plays  a  most  important  part 
in  the  well-observed  mode  of  propagation  by  spontaneous  fission ;  for  whenever 
fission,  whether  longitudinal  or  transverse,  is  about  to  occur  in  an  animalcule, 
the  first  change  observed  is  a  progressive  constriction  of  the  nucleus,  suc- 
ceeded by  that  of  the  body  generally.  This  constriction  goeiT  on  till  division 
is  complete,  each  segment  of  the  body  being  consequenUy  provided  with  a 
nucleus.  The  division  of  the  nucleus,  as  an  essential  element  in  the  process 
of  spontaneous  fission,  may  be  well  observed  in  the  transverse  division  of 
Paramecium,  Bursaria,  or  Ghilodon. 

Professor  Owen,  in  his  learned  and  able  Es9ay  on  Parthenogenesis^  refers 
to  the  initiative,  assumed  by  the  nucleus  of  Infdsoria,  in  their  reproduction 
by  spontaneous  fission,  between  which  and  the  essential  contact  of  the  sper- 
matozoon with  the  germ-cell,  as  a  preliminary  to  the  primary  process  of 
self-division  of  the  latter,  in  the  course  of  the  development  of  more  perfect 
animals,  be  indicates  an  analogy ;  and,  after  having  completed  the  comparison 
of  the  results  in  the  two  cases,  goes  on  to  say, — "  This  is  certain,  that  the 
analogy  between  these  phenomena  in  the  midtiplication  of  the  puis  of  the 
germ-mass,  and  those  of  the  nucleus  in  the  multiplication  of  monads,  is  so 
close,  that  one  cannot  reasonably  suppose  that  the  nature  and  properties 


Digitized  by  VjOOQ IC 


or  THS  PBOTOZOA. CILIATA.  329 

of  the  nuQteua  of  the  impregnated  germ-cell,  and  that  of  the  monad  can  be 
different. 

^*  Therefore,  I  infer,  that  the  nadens  of  the  Polygastric  animalcules  is  the 
seat  of  the  spermatic  force ;  it  can  only  be  called  testis,  fignratiyely,  it  is  the 
essence  of  the  testis.  It  is  the  force  which  governs  the  act  of  propagation  bj 
spantaneooB  fission :  and,  if  Ehrenberg  be  correct,  in  viewing  the  interstitial 
«»piiseles  as  geim-cells  (to  which  opinion  Professor  Owen  inclines),  these 
essential  parts  of  ova  may  receive  the  essential  matter  of  the  sperm  from  the 
nudens,  which  is  discharged  along  with  them  in  the  breaking  np  of  the 
monad,  which  Ehrenberg  regards  as  equivalent  to  an  act  of  oviposition ;  and 
impregnated  germ-cells  may  thus  be  prepared  to  diffuse  through  space,  and 
carry  the  species  of  Polygastric  animalcules  to  a  distance  from  the  scene  of 
life  of  the  parent "  (p.  67,  Ed.  1849.) 

lieberkiihn  (A.  N.  H,  xviii.  1856,  p.  321)  makes  the  nucleolus  of  import- 
ance in  founding  specific  characters.  He  says,  that,  excepting  the  eye-point, 
the  nucleolus  is  properly  the  only  part  which  distinguishes  Ophryoglena 
JIavicans  from  Burtaria  flava, — "  lliis  body,"  he  proceeds  to  say,  **  is  shaped 
Hke  a  grain  of  barley,  and  is  marked  at  each  end  with  a  few  sharply-defined 
streaks  or  Airrows ;  its  length  is  somewhat  more  than  yj^  of  a  millimetre, 
its  thickness  in  the  middle  about  y^  of  a  millimetre.  Its  substance  has  a 
stronger  refractive  power  than  that  of  the  rest  of  the  body,  but  far  less  than 
the  fiit-like  globules.  Under  the  highest  magnifying  power,  no  structure 
could  be  distinguished,  and  it  withstands  for  a  considerable  time  the  action 
of  water.  The  nucleolus  is  situated  on  the  middle  of  the  nucleus,  which  is 
about  one-fifth  of  the  entire  length  of  the  animalcule,  and  its  breadth  in  the 
middle  about  one-third  of  its  length ....  It  is  of  ovate  form ;  its  substance 
displays  no  recognizable  structure. 

''  The  nucleolus  has  very  different  characters  in  all  the  specimens  of  Bw- 
garia  jlava  I  have  hitherto  observed.  It  was  always  so  small  that  it  was 
difficult  to  find  it,  and  never  became  visible  until  the  Infusorium  was  com- 
pressed, while  in  Ophryoglena  ilava  it  may  usually  be  seen  through  the 
int^nments.  Its  form  is  globular,  and  it  presents  no  structure.  It  gene- 
rally adheres  firmly  to  the  surface  of  the  ovate  nucleus." 

The  same  lesson  concerning  the  utility  of  the  nucleus  and  nucleolus  in 
distinguishing  genera  and  species,  might  be  gathered  from  the  descriptions 
of  Stein  and  otiiers,  which  show  clearly  enough  that  these  organs  have  a 
determinate  figure  and  relation  in  several  genera,  as,  for  example,  in  Spiro^ 
chona  and  Panrnieeium. 

The  figure  of  the  nucleus  and  the  relation  of  the  nucleolus  to  it,  in  Pro^ 
rodan  teres  and  in  Nassula  deganSy  are  deserving  attention.  In  the  former 
species  the  nucleus  is  represented  as  gjLobular,  with  a  nucleolus  surmounting 
it  (XXVin.  9) ;  in  the  latter,  the  nucleus  is  stoutly  clavate,  and  terminated 
by  a  small  oblong  nucleolus  at  its  narrower  extremity.  These  well-marked 
peculiarities  in  the  two  examples  named,  coupled  with  the  views  of  lieber- 
kiihn  just  cited,  and  the  conclusions  of  Stein  and  Balbiani  concerning  the 
physiological  relations  of  the  two  organs  in  question,  will  challenge  for  them 
much  more  attention  than  they  have  hitherto  received. 

M.  Balbiani  has  lately  contributed  to  the  French  Academy  two  most  im- 
portant papera,  in  which  he  has  endeavoured  to  demonstrate  a  sexual  repro- 
duction of  the  Ciliata,  the  nucleus  representing  the  female,  and  the  nucleolus 
the  male,  element.  In  his  first  essay  he  illustrates  his  hypothesis  by  reference 
to  Paramecium  Bvrsaria  (A.  N,  H.  1868,  i.  p.  436),  and  thus  writes  :— 

"  For  several  generations  the  Paramecia  multiply  by  spontaneous  scission, 
each  of  the  two  new  individuals  obtaining  half  the  primitive  nucleus .... 
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But  under  the  influenoe  of  conditioiifi  of  which  we  are  still  ignorant^  die 
spedee  propagates  itself  in  a  very  different  manner,  and  in  the  nudst  of  phe- 
nomena far  more  complex  than  those  which  preside  over  the  mnltipliioatioii 
by  fissiparity.  In  this  new  mode  we  shall  see  the  actual  anatomical  signifi- 
cation of  the  nucleus  and  nucleolus^  the  function  of  which,  if  we  except  the 
division  of  the  former  of  these  two  organs  in  the  act  of  spontaneous  diyiaiony 
has  hitherto  been  perfectly  passive.  It  is,  in  iact,  at  their  expense  that  ihe 
male  and  female  rejntKliiotive  elements  which  characterize  this  mode  of 
propagation  are  formed. 

**  When  the  period  arrives  at  which  the  Partvnuda  are  to  propagate  with 
concourse  of  the  sexes,  they  are  seen  assembling  upon  certain  parts  of  the 
vessel,  either  towards  tiie  bottom,  or  on  the  walls.  The  copulation  is  always 
preceded  by  certain  preliminaries  which  are  very  curious  to  observe,  but  upon 
which  we  cannot  dwell  here.  Soon  they  are  found  coupled  in  pairs,  adbermt 
laterally  and  as  it  were  locked  together,  with  the  similar  extremities  turned 
in  the  same  direction,  and  the  two  mouths  closely  applied  to  each  other.  In 
this  state  the  two  conjugated  individuals  continue  moving  with  agility  in  the 
liquid,  and  turning  constantly  round  their  axis.  There  is  nothing,  before  the 
copulation,  to  announce  the  considerable  changes  which  are  about  to  take 
place  in  the  nucleus,  and  the  nucleolus  Which  accompanies  it.  It  is  daring 
the  copulation  itself,  of  which  the  durati<m  is  prolonged  for  five  or  six  days  or 
more,  that  their  transformation  into  sexual  reproductive  apparatus  takes  plaee. 

**  The  nucleolus  has  undergone  a  considerable  increase  in  siie,  and  hts 
become  converted  into  a  sort  of  capsule  of  an  oval  form,  of  which  the  surCiee 
presents  longitudinal  and  parallel  lioes  or  streaks.  Nearly  always,  it  soon 
divides  in  the  directi<m  of  its  greater  axis,  into  two,  or  more  frequently  into 
four,  parts,  which  continue  increasing  independently  of  each  other,  and  in  a 
very  irregular  manner,  and  form  so  many  secondary  sacs  or  capsules.  At  a 
period  which  is  still  near  that  of  division,  these  latter  appear  to  be  composed 
of  an  extremely  fine  membrane,  enveloping  a  bundle  of  small,  curved  bacilla, 
extending  from  one  extremity  of  the  sac  to  the  other,  inflated  towards  the 
middle,  narrowed  towards  the  extremities.  It  is  these  which,  when  seen 
through  the  enveloping  membrane,  give  the  capsule  the  striated  appearance 
which  is  characteristic  of  it,  and  which  even  exists  in  the  nucleolus  at  ahnoet 
all  the  other  periods  of  the  life  of  the  Infusorium.  It  also  contains  a  perfectly 
colourless  and  homogeneous  fluid. 

**  At  the  same  time  the  nucleus  has  also  changed  its  form  and  aspect;  it 
has  become  rounded  and  widened ;  its  substance  has  become  softer  and  lost 
its  refractive  power,  and  towards  its  margins  it  presents  notdies,  which, 
penetrating  more  and  more  deeply  into  its  mass,  isdLate  one  or  more  frig- 
ments,  in  which  a  sufficient  magnifying  power  enables  us  to  see  a  certain 
number  of  small  transparent  spheres  with  an  obscure  eentral  point.  In  other 
cases  the  nucleus,  whilst  still  almost  entire,  presents  this  aspect,  and  thei 
appears  as  if  stuffed  with  these  little  rounded  bodies,  the  analogy  of  'wbach  to 
ovules  cannot  be  doubted  in  the  least.  The  evolution  of  the  nucleus  and 
nucleolus  being  identical  and  progressing  at  the  same  rate  in  the  two  ooiqiled 
individuals,  it  follows,  if  from  this  moment  we  regard  the  former  as  an  ovaiy, 
and  the  second  as  a  testicle  or  seminal  capsule,  not  only  that  eadi  oi  them 
possesses  the  attributes  of  both  sexes,  but  that  they  fecundate  each  other, 
and  serve  at  the  same  time  as  male  and  female.  As  regards  this  feeundatkn 
itself,  everything  seems  to  prove  that  it  takes  place  by  means  of  an  exchange, 
made  by  the  two  coupled  individuals,  of  one  or  more  of  their  seminal  capsolee, 
which  pass,  through  the  apertures  of  the  mouths  closely  applied  against  eaeh 
other,  from  the  body  of  one  Paramecium  into  that  of  the  other ;  for,  verj 
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often,  although  we  may  not  be  able  to  perceive  this  passage  itself,  we  may 
at  least  detect  the  moment  when  one  of  the  capsules  already  engaged  in  one 
of  the  mouths,  is  on  the  point  of  clearing  this  aperture.  Does  the  exchange 
which  causes  fecundation  take  place  with  all  the  capsules  in  a  single  copula- 
tion, or  in  so  many  successive  copulations  with  different  individuals  ?  This 
is  a  questiim  the  solution  of  which  is  not  easy,  and  which,  to  keep  within  the 
fidd  of  our  observations,  we  shall  not  attempt  to  solve  at  present. 

*^  However  this  may  be,  each  capsule,  after  its  transmission,  still  continues 
to  increase  in  size  in  tiie  body  of  the  individual  which  has  received  it ;  for  we 
have  never  found  any  which  had  attained  the  limit  of  their  development  in 
individnals  which  were  still  coupled.  They  then  frequently  attahi  a  volume 
greater  than  that  of  the  nucleus  itself;  but  there  is  never  more  than  one  that 
arriveB  at  maturity  at  the  same  time.  When,  having  arrived  at  this  state, 
it  is  examined  after  being  pressed  out  of  the  body  of  the  animalcule  to  free 
it  from  the  granulations  which  mask  it  more  or  less  while  there,  it  appears 
under  tiie  foarm  of  a  large  ovoid  body,  the  surfiEice  of  which  presents  a  multi- 
tude of  parallel  strisB  directed  longitudinally,  and  due  to  the  arrangement  in 
series  of  the  corpuscles  contained  in  the  interior.  Compression,  carried  so  fax 
•8  to  cause  its  rupture,  distinctly  shows  it  to  be  formed  by  a  membrane  of 
extreme  tenuity,  and  contents,  enclosing  an  innumerable  quantity  of  small 
fusiform  civpuscles,  of  which  ih^  extremities  are  completely  lost  to  sight  in 
eooaeqaence  of  their  extreme  fineness.  As  soon  as  they  are  free,  these  Httle 
bodies  show  themselves  to  be  animated  by  a  vacillatory  and  translatory  move- 
menty  which  soon  causes  their  dispersicm  in  the  eircumambi^it  fluid.  These 
are  the  spermatosoids  of  P.  Bwnaria,  Iodine,  alcohol,  and  acetic  add  instantly 
stop  their  movements ;  they  are  insoluble  in  the  last-mentioned  reagent  when 
conoentzated,  although  this  dissolves  all  the  other  elements  of  the  body,  with 
the  exoeptum  of  the  green  granules. 

<'  It  is  usually  from  the  fifth  to  the  sixth  day  following  the  copulation,  that 
the  first  germs  are  seen  to  make  their  appearance,  in  the  form  of  small  rounded 
bodies,  formed  of  a  membrane  which  is  rendered  very  evident  by  acetic  add, 
and  gr^rish,  pale,  homogeneous,  or  ahnost  imperceptibly  granular  contents, 
in  which  ndther  nudeus  nor  contractile  vedde  is  yet  to  be  distinguished. 
These  cngans  do  not  appear  until  afterwards.  The  observations  of  Stein 
and  F.  Cohn  have  shown  how  these  embryos  quit  the  body  of  the  mother  in 
the  form  of  AaneUx  furnished  with  knobbed  tentades — ^true  suckers,  by 
means  of  which  they  remain  for  some  time  still  adherent  to  the  mother, 
diving  tiifiir  nourishment  from  her  substance ;  but  their  investigations  did 
not  re'rael  to  them  the  ultimate  fate  of  these  young  animalcules.  I  have 
been  able  to  follow  them  for  a  condderable  time  after  they  detached  them- 
setves  from  the  body  of  the  mother,  and  have  convinced  myself  that,  after 
losing  their  suckers,  becoming  surrounded  with  vibratile  cilia,  and  obtaining 
a  moaUi  which  first  shows  itself  in  the  form  of  a  longitudinal  furrow,  they 
definitdy  acquired  the  form  of  the  mother,  becoming  penetrated  in  the  same 
way  by  the  green  granulaticms  characteristic  of  this  Paramedum,  without 
undergoing  any  more  important  metamorphoses." 

At  the  time  this  first  record  of  his  observations  was  read,  M.  Balbiani  stated 
that  he  had  collected  them  from  the  investigation  of  six  or  seven  spedes,  but 
since  that  period  he  has  pursued  his  observations  in  several  other  species,  and 
completed  some  old  <mes  previoudy  interrupted  from  want  of  materials 
(A.  N.  H.  1858,  ii.  p.  439).  In  his  latest  paper,  he  enunciates  the  remark- 
aUe  statement  that  he  has  been  led  to  regard,  in  a  great  number  of  cases, 
what  nearly  all  authors  have  conddered  to  be  a  spontaneous  dividon  in  a 
kmgitodinal  direction,  as  a  sexual  union  of  two  individuals.     "  Very  often, 
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in  h/cst,  I  have  been  able  to  ascertain  that  this  state  coincided  with  cer- 
tain remarkable  changes  which  took  place  in  the  internal  organs  of  these 
animals." 

The  following  is  the  general  summary  of  the  results  M.  Balbiani  has 
arrived  at : — **  I.  The  corpuscle  which,  in  the  InAisoria,  has  been  described 
under  the  name  of  nucleolus,  and  which  I  have  shown  to  be  the  male  genital 
gland,  has  hitherto  only  been  indicated  in  a  few  rare  species.  In  connexion 
with  this,  I  have  examined  a  great  number  of  individuals  belonging  to  numer- 
ous and  varied  forms,  and  I  have  convinced  myself  that,  far  from  constituting 
an  exception,  the  presence  of  one  or  even  several  nucleoles  was  a  nearly  con- 
stant fact  in  the  different  types  of  this  class ;  but  frequently  the  simple  or 
multiple  nucleole  which  they  contain  is  so  intimately  confounded  willi  the 
substance  of  the  nucleus,  that  it  only  becomes  apparent  when  it  is  separated 
therefrom  accidentally  by  the  action  of  reagents,  or  spontaneously  at  certain 
determinate  periods  in  the  life  of  these  creatures,  principally  at  the  time  of 
their  sexual  propagation.  I  have  counted  fourteen  species  in  which  this 
organ  was  very  evident  to  me,  and  in  which  I  have  also  been  able  to  follow 
its  evolution,  to  a  greater  or  less  extent,  at  the  breeding-season,  at  the  same 
time  that  I  was  an  eye-witness  of  the  other  actions  which  concur  in  assuring 
the  reproduction  of  these  animalcules  by  fecundated  germs. 

«  As  regards  the  number  and  situation  of  the  testicular  organ  of  the  Infu- 
soria, I  have  met  with  the  following  varieties.  It  is  simple,  rounded,  and 
lodged  in  more  or  less  deep  depressions  of  the  nucleus  in  Paramecium  Aurelia 
and  P.  eaudatum,  and  also  in  a  third  species,  nearly  allied  to  P.  Bursaria,  but 
smaller  and  destitute  of  green  granules.  The  genus  Bursaria  {B,  leueas, 
Jla/va,  and  vemalis)  also  presents  a  simple  nucleole  situated  in  the  vicinity  of  the 
nucleus.  The  same  ihmgo(xxii8mChilo<ionCucullulu8,  But  with  regard  to  the 
latter,  I  must  remark  that  I  do  not  regard  as  the  analogue  of  the  nucleole  of  the 
preceding  species  the  corpusde  to  which  M.  von  Siebold  has  given  this  name, 
and  which  is  placed  in  the  interior  of  the  granular  mass  of  the  nucleus,  in 
the  centre  of  a  broad  transparent  zone.  The  true  nucleole  or  testicle  of 
ChUodon  appears  in  the  form  of  a  small,  rounded,  brilliant  grain,  provided 
with  a  proper  membrane,  and  situated  quite  to  one  side  and  towards  the 
middle  of  the  nucleus.  It  is  very  easily  perceived  in  lai^  specimens  by 
employing  the  action  of  reagents.  As  regards  the  nucleus  and  its  intemfJ 
parts,  I  make  no  difficulty  in  regarding  them  as  representing  all  the  elements 
of  an  ovum,  of  which  the  nucleole  of  tiie  celebrated  German  naturalist  would 
be  nothing  but  the  germinal  spot.  Hie  disappearance  of  the  clear  zone  and 
of  its  central  corpuscle  in  the  animals  which  have  just  copulated,  especially 
appears  to  me  to  militate  in  favour  of  this  view. 

<<  n.  I  have  met  with  a  multiple  testicle  in  many  spedee  belonging  to  the 
groups  of  the  OxytrUMncB  and  of  the  Euplotes  or  PUesconiaSy  inclu<&ig  the 
highest  types  of  this  class.  In  the  genus  Oxytrieha  the  two  nuclei,  which 
are  elongated  in  the  direction  of  the  greater  axis  of  the  body,  are  each  aooom- 
panied  by  a  small,  rounded,  testicular  body,  very  distinct  horn,  the  correspond- 
ing nucleus.  There  are  also  two,  placed  one  to  the  right  and  the  other  to 
the  left  of  the  long  nucleus,  which  is  curved  into  the  form  of  a  horse-shoe, 
in  Euplotes  Charon  and  E.  viridis.  In  the  genera  Stylonychia  (S,  MytUuSj 
pustyiata,  and  laneeolata)  and  Urostyla  {U,  grandis)  the  nucleoles,  to  the 
number  of  four  or  five,  are  distributed  in  two  groups  in  the  vicinity  of  the 
nuclei,  of  which  the  anterior  is  accompanied  by  two,  and  the  posterior  also 
by  two  or  sometimes  three,  of  these  littie  organs.  They  are  remarkable  from 
their  distinctly-rounded  outline,  their  great  refractive  power,  and  their 
homogeneous  structure.     In  Spirostomum  amhiyuum,  each  of  the  g^rains  of 
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the  long  moniliform  oord  which  here  replaces  the  oval  nndeiiB  of  the  other 
^>ecies,  gives  lodgment,  in  a  deep  depression  of  its  surface,  to  a  small  rounded 
corpuscle,  which  corresponds  widi  the  nucleole  of  the  preceding  species ;  this 
brings  the  number  of  testides  in  this  animal  to  fortj-five  or  fifty.  I  have 
only  been  able  to  perceive  them  in  individuals  which  have  been  copulating 
fbr  a  certain  time,  and  by  employing  dilute  acetic  add.  It  is  very  probable 
that  an  analogous  arrangement  will  be  found  in  the  other  types,  in  which  the 
nudeus  is  formed  of  grains  placed  in  a  single  row,  like  a  necklace,  such  as 
StetUoTf  Kondylottomumy  TraeheUus  monUiger,  &c. 

'*  m.  The  evdution  of  the  male  genital  apparatus  of  the  Infusoria,  as  just 
characterized,  in  the  other  spedes  of  the  genus  Parameeittm  does  not  differ 
trom  that  presented  to  us  by  P.  Bursaria,  In  the  Oxytriekina  each  of  these 
organs  remains  entire,  becomes  enlarged,  and  exhibits  in  its  interior,  applied 
against  its  wall,  a  thick  granular  body,  furnished  with  a  tubular  appendage, 
which  projects  into  the  cavity  of  the  capsule,  and  fq)pears  to  be  open  at  its 
free  extremity.  This  tube,  which  seems  to  be  an  excretory  duct,  often 
appeared  to  be  filled  with  capillary  filaments  of  extreme  fineness,  arranged 
paialld  to  the  axis  of  the  duct  in  question,  in  which  they  were  fixed  hy  a 
portion  of  their  length,  whilst  the  remainder,  escaping  by  the  orifice  of  the 
tube,  radiated  in  all  directions  in  the  interior  of  the  capsule.  Subsequently 
the  granular  body  and  its  duct  disappear,  and  the  filaments,  becoming  free» 
collect  into  a  bundle,  which  fills  the  whole  of  the  formative  sac.  Altiiough 
I  have  never  seen  them  execute  any  movements,  I  do  not  hesitate  in  cond- 
dering  them  as  the  spermatic  filaments  of  these  animals. 

*'  IV.  It  is  with  equal  certainty  that  we  may  call  the  mneleu$  the  female 
genital  organ  of  the  Infusoria,  in  oppodtion  to  the  perfectly  hypothetical 
assertion  of  Ehrenberg,  who  regards  it  as  the  testicle.  Its  evolution  likewise 
only  commences  at  ^e  time  of  reproduction,  and  often  during  the  sexual 
union  itself.  In  P,  AwreUa  and  P.  caudatum,  towards  the  end  of  the  copulation, 
its  suifEU^  is  traversed  in  all  directions  by  numerous  furrows,  which,  penetrat- 
ing deeper  and  deeper  into  its  mass,  finally  divide  it  into  a  great  number  of 
unequal  and  irregularly-rounded  fragments,  having  a  dear  centre  more  or 
less  surrounded  by  granules.  I  diould  compare  l£ese  with  the  first  rudi- 
ment of  a  vitdlus,  and  the  transparent  central  portion  to  a  more  or 
less  developed  germinal  vedde.  The  fragments  thus  formed  are  soon  dis- 
persed in  the  surrounding  parenchyma.  Here  a  very  small  number  of  them, 
almost  always  four,  never  more  and  very  rarely  less,  complete  their  evolution, 
and  soon  acquire  the  appearance  of  complete  and  wdl-devdoped  ova.  In 
this  state  they  present  themselves  in  the  form  of  small  brilliant  bodies,  per- 
fectiy  equal  in  volume,  dightiy  oval,  and  of  a  bluish-grey  appearance.  We 
may  very  dearly  fKatingnigh  in  them  a  findy-granular  viteSlus,  surrounded 
by  its  proper  membrane,  which  separates  from  it  more  or  less  after  a  few 
moments'  exposure  to  water.  The  germinal  vedde  and  spot  are  also  vidble 
with  a  distinctness  truly  surprising,  conddering  that  we  have  to  do  here  with 
the  smallest  of  living  organisms.  I  have  met  with  these  ova  still  endosed  in 
the  body  of  the  animal  on  the  seventh  day  after  the  copulation :  they  no 
longer  exhibited  either  germinal  vedcle  or  spot ;  and  their  volume  had  dightiy 
increased.  In  the  allied  spedes,  P.  Bursaria,  the  reniform  nudeus  becomes 
unrolled  before  breaking  up,  and  in  this  state  resembles  the  ribbon-shaped 
nudeus  of  the  VortieeU(B.  About  twenty  or  twenty-five  of  the  fragments 
produced  from  it  continue  their  devdopment  and  become  so  many  perfect 
ova.  In  the  nudeus  of  Chilodon  Cuetdltdus,  also,  we  observe,  after  tie  copu- 
lation, the  disappearance  of  the  transparent  zone  with  its  central  obscure 
spot.     In  the  genera  Styhwyehia  and  Urostyla  the  ova  are  four  in  number. 
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as  in  Parameeium  eaudatum,  but  thoy  are  produced  by  a  difierent  mechanism. 
Each  of  the  two  nuclei  divides  into  two  halves,  as  in  the  act  of  spontaneous 
division ;  and  the  four  fragments  thus  produced  form  an  equal  numb^  of 
perfect  ova.  Lastly,  in  SpirostorMmi  ambiguumf  we  have  seen,  in  individuals 
which  have  be^i  copulatmg  for  some  time,  the  forty  or  fifty  grains  of  the 
long  flexuous  cord  which  traverses  the  body  become  rounded  and  detached 
from  each  other.  But  we  have  been  unable  to  discover  in  these  all  the 
characters  of  an  ovum  with  the  same  distinctness  as  in  the  preceding  species, 
no  doubt  because  they  had  not  yet  arrived  at  their  complete  development. 

*^  y.  I  have  not  witnessed  the  deposithn  of  the  ova  in  these  animals.  It 
is  very  probaUe  that  they  escaped  by  the  anus,  or  by  some  neighbooiing 
apertcure.  Thus,  in  the  StylonyMcBy  I  have  seen  tiiem  collect  in  the  posterior 
part  of  the  body,  which  bears  the  anal  orifice,  and  diminish  gradually  in  num- 
ber from  the  filrst  or  second  day  after  the  copulation.  It  is  a  singcdar  thing, 
that  about  this  period  a  round  pale  body  b^ns  to  make  its  appearance  in  tibe 
centre  of  the  animal ;  this  becomes  constricted  about  the  middle,  and  recon- 
stitutes the  douUe  nucleus  of  Stylonychia, 

**  VI.  The  Infusoria  are  destitute  of  copulatory  organs.  In  most  cases  tilie 
copulation  is  effected  by  simple  juxtaposition,  tibe  two  mouths  estabHshing 
the  sexual  communication  (Paramecium,  Burearia,  Euplotes,  Cflulodony  Spiro- 
itomum).  In  the  Oxytrichina  the  union  is  more  intimate,  and  goes  so  fiir  as 
to  constitute  a  true  soldering  of  the  two  individuals  for  more  thtm  two-thirds 
of  their  anterior  part.  Anyone  who  had  not  witnessed  all  the  phases  of  this 
singular  copulation,  would  be  unable  to  avoid  r^arding  this  state  as  a  longi- 
tu^nal  division,  proceeding  from  behind  forwards,  in  a  single  animaL  But, 
ev^i  if  direct  observation  were  wanting,  the  concomitant  dianges  of  the 
internal  organs,  which  are  so  characteristic,  cannot  leave  the  least  doubt  as 
to  the  actufiJ  signification  of  this  act." 

Ovules. — In  Ehrenberg's  organology  of  Infusoria,  ovules  or  ova  assomed  a 
high  importance.  The  structures  he  so  designated  had  no  distinctive  featoreB 
assigned  them,  whereby  they  could  be  distinguished  frtnn  oth^  corpuscles 
and  granules  in  the  interior ;  and,  in  consequence,  their  existence  could  not 
be  confirmed  by  other  microscopists,  who  for  the  most  part  declared  that  the 
supposed  ova  were  indifferently  aUmentary  vacuoles,  particles  of  food,  fat 
globules,  or  the  ordinary  granules  of  the  interior.  The  general  o^Hnion  became 
pronounced  against  the  very  existence  of  ovules  and  of  development  by  their 
means,  whilst  the  deposition  of  ova,  which  Ehrenbeig  believed  he  witnessed  in 
several  instances,  was  explained  to  be  an  act  of  difiuence  misconceived.  This 
explanation,  for  instance,  has  been  given  to  his  recorded  observation  and  his 
figures  of  the  act  of  oviposition  in  Colpoda  Ouctdhdus,  which  represented  this 
animalcule  as  bursting  and  giving  vent  to  strings  of  ova,  which  first  ran 
together  in  a  reticulate  manner,  and  then,  after  a  time,  became  individually 
developed  into  young  Colpoda.  According  to  the  opposite  view,  tJie  bursting 
and  extrusion  of  contents  are  no  other  than  the  phenomena  of  diffluenoe  and 
the  dispersion  of  particles  of  sarcode,  whilst  the  young  supposed  to  originate 
from  those  particles  are  merely  minute  Mon^  or  monadiform  corposdes 
found  in  company  with  the  Colpoda^. 

One  objection  brought  against  the  assumption  of  ova  being  ejected  from 
Protozoa  in  the  exercise  of  a  generative  frmction  is  certainly  frivolous — ^riz. 
that  the  empty  or  broken  shells  of  the  ova  ought  to  be  met  with ;  for  the  shell 
of  an  ef;^y  however  useful  in  larger  animals  as  a  deface  against  injury,  is  no 
essential  part  of  an  ovum  from  which  a  new  being  can  be  developed. 

Although  the  existence  of  ova  among  the  Ciliata  has  been  denied  by  the 
great  authorities  on  Infiisoria — ^by  KoUiker,  Siebold,  Leuckart,  Cohn^  Stein, 
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Van  der  Hoeven  and  others,  yet  it  has  latterly  found  two  adrooates  in  Prof. 
Perty  and  Mr.  Carta-.  The  latter  writer  (A.  N.  H.  1856,  xviii.  p.  225)  can 
addooe  littLe  direct  evidence  to  support  his  views,  and  seems  to  rest  moire 
wei^t  upon  argument  from  analogy  with  Amcebcea,  AredUma^  A$ta$UE,  and 
BugUncBj  in  all  which  he  has  satisfied  his  own  mind  ol  the  presence  of  ovules, 
and  of  their  development  in  the  two  latter  genera.  ''The  same  kind  of  develop- 
meat,"  he  writes, ''  of  the  ovule  probaUy  takes  place  in  all  the  Bhixopoda  as 
in  SpangiUa  and  in  AsUuia  and  Euglma :"  hut  this  is  not  proviog  that  Rhi- 
zopoda  are  developed  hy  ova ;  and  the  entire  value  of  the  presumed  analogy 
with  Astasia  depends  (m  our  admitting  a  natural  affinity  and  dose  similarity 
in  organization  hetween  that  family  and  Ciliated  Protozoa,  on  the  one  hand, 
and  Bhizopodous  Protozoa  on  the  other.  Indeed,  we  imagine  the  prevailing 
opinion  to  he,  that  the  history  of  development  of  Astasima  corresponds  rather 
with  that  iji  vegetahle  organisms  than  with  that  of  the  Protozoa ;  for  this  so- 
called  ovular  reproductiim  of  the  AMasioM  certainly  seems  analogous  with  the 
development  of  zoospores  in  many  unicdlular  Alg». 

To  recur  to  Mr.  Carter's  statements,  he  tells  us  he  applies  the  term 
''  ovules  "  to  "  a  number  of  discoid  or  globular  nucleated  cells,  which  appear 
together  in  the  sarcode  of  some  of  the  Infusoria ; "  and  he  subsequently  pro- 
ceeds to  uphold  his  views  by  his  own  personal  observations,  and  by  inferences 
drawn  from  others.  ''  In  many  of  Ehrenberg's  enterodelous  Infusoria  it  is 
not  uncommon  to  see  a  number  of  defined  globular  bodies,  of  nearly  equal 
size  and  of  a  faint  opaque  yellow  colour,  which  closely  resemble  ovules — 
e.  g.  AnipMUpha  fdaciola  (£hr.),  ffimantophorus  Charon  (£hr.),  &c. ;  nor  is 
it  improbable  that  many  of  his  Trachdina,  which  come  near  Planaria,  possess 
ovules  similar  to  those  which  are  found  in  the  latter ;  but,  frtmi  being  so  much 
mixed  up  with  the  spherical  cells,  pass  equally  unnoticed  while  in,  as  well  as 
when  out  of,  the  body,  under  such  circumstances.  M.  J.  Haime,  however,  has 
distinctly  seen  instances  in  which  these  bodies  have  been  ejected  from  Infusoria, 
and  have  passed  into  locomotive  animalcules  under  his  eye.  Thus  he  states 
that  in  Plcesoama  they  form  a  group  of  from  forty  to  fifty  in  the  middle  of 
the  body,  are  round,  issue  one  by  one,  remain  tranquil  some  time,  then  deve- 
lop two  filaments,  one  in  frcmt,  the  other  behind,  and  move  about  rapidly. 
In  an  '  undescribed '  species  of  JHleptus  they  are  whitish,  and  form  a  wreath 
extending  almost  throughout  the  whole  length  of  the  body,  become  yellow 
towards  the  anal  extremity,  where  they  pass  out  with  the  remains  of  the 
food,  soon  develope  two  opposite  filaments,  and  move  about  nqddly.  In 
Paramuemm  AureUa,  M.  Haime  states  that  an  ovary  appears  some  hours 
before  death,  about  the  middle  of  the  body,  which  becomes  filled  with  about 
sixty  little  nuclei :  these  increase  in  size,  burst  the  ovisac,  and  thus  pass  into 
the  body  of  the  parent,  from  which  they  finally  escape  by  an  (^ning  in  the 
tegumoitary  covering,  formed  by  the  diffluence  of  the  latter;  and  the  ovisac 
follows  them." 

Perty  has  used  great  diligence  in  searching  for  the  presence  of  ovules  or, 
more  acouratdy,  of  germa  (Blastien),  and  has  adduced  various  arguments  for 
their  existence.  He  states  (op.  dt.  p.  66)  that  their  aspect  is  distinctive, 
although  their  colour  varies  in  different  species,  that,  unlike  food,  they  re- 
tain their  form,  increasing  only  in  size,  and  that,  on  the  dissolution  or  breaking 
up  of  the  aniinalcules,  they  display  themselves  as  free  individualized  struc- 
tures. It  is  only,  he  adds,  in  incomplete  forms,  in  young  and  imperfect  b^igs, 
that  any  doubt  can  exist  respecting  the  character  of  these  corpuscles.  Ovular 
development  does  not  take  place  as  Dujardin  surmised,  by  detached  morsels 
of  the  sarcode,  nor  by  ova  such  as  Ehrenberg  supposed,  but  by  a  peculiar 
set  of  bodies,  originating  in  the  interior  of  tiie  animals,  and  progressively 
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multiplied.  Their  minuteness  is  a  bar  to  observation  ;  and  it  is  only  by  the 
concurrence  of  favourable  circumstances — ^by  the  presence  of  the  ovules  in 
their  first,  intermediate,  and  finished  stages — ^that  they  can  be  satis&ctorily 
made  out,  as  in  Nasstda  aurea,  Eugleiia  viridis,  Chonemotuu  hicohr,  &c. 
Fission  may  be  several  times  repeated ;  but  the  formation  of  germs  takes  place 
at  the  expense  of  the  contents  of  the  parent. 

The  unusually  small  size  of  many  animalcules  is  another  argument  advanced 
in  favour  of  propagation  by  germs  or  ova,  since  the  act  of  fission  is  limited  to 
a  certain  size,  and  the  natural  characters  of  the  species  are  to  be  preserved. 
Thus  Perty  met  with  examples  of  Kerana  pustulata  as  small  as  1-70'",  which 
could  scanty  originate  from  fission.  They  were  exactiy  like  the  original 
animalcule  except  in  being  more  round.  Specimens  of  FUuronema  ertusum 
occur  no  larger  than  1  -90'",  devoid  of  molecules,  more  transparent  and  slender 
than  old  ones,  with  a  more  pointed  apex,  but  otherwise  their  counterpart. 
Agun,  Nassula  aurea  varies  firom  1-150'"  to  1-12'" ;  and  in  those  of  1-50"'  the 
rudiments  of  the  '^  dental"  apparatus  are  distinguishable.  AnAmphUeptus  mo- 
nUiger,  1-6'",  having  a  very  short  neck,  was  distended  by  100-150  germs  or 
ovules  surrounded  by  some  thousands  of  fine  molecules ;  that  these  were  neither 
vacuoles  nor  stomach-sacs  was  seen  at  places  where  they  displayed  themselves 
as  individualized  corpuscles.  Moreover  there  were  no  other  animalcules  or  par- 
ticles of  food  in  the  glass  containing  the  Amphileptus,  and  all  the  germs  were 
uniform  in  size,  in  hue,  and  in  re&actibility,  and  readily  distinguishable  from 
some  swallowed  Infrisoria  present  in  some  spots.  The  green  spheroidal  cor- 
puscles in  Paramecium  versutum,  having  a  medium  size  of  1-450'",  are  true 
ovules:  they  do  not  change  colour,  like  the  green  nutritive  matters  of  Infdsoria, 
to  yellow,  red,  or  brown ;  and  when  the  animalcule  is  left  dry  by  evaporation, 
they  become  isolated.  Although  no  germinal  speck  is  discoverable  in  these 
bodies  as  in  ordinary  ovules,  yet  it  is  remarkable  that  a  fold,  streak,  or  darker 
space  is  visible.  Small  specimens  of  this  Infusorium  also  occur  in  which  the 
ovules  are  colourless  or  pale  green ;  and  on  one  occasion  Perty  saw,  amid  the 
fdlly-developed  individuals,  oval  greenish  animalcules  of  about  1-60'",  which 
seemed  no  other  than  the  escaped  germs  of  the  Paramecium. 

Such  are  some  of  the  principal  observations  Perty  appeals  to  in  order  to 
substantiate  his  hypothesis  of  internal  germs  and  of  development  from  them. 
He  has  given,  in  illustration,  a  number  of  figures ;  but  they  are  too  rudely 
drawn  to  efficientiy  answer  their  object ;  and  we  must  confess  our  inability  to 
receive  the  ieust  of  the  existence  of  ova  or  germs  as  at  all  demonstrated  in  the 
Giliata  either  by  the  researches  of  Mr.  Carter  or  of  Perty.  The  discoid  or 
globular  nucleated  cells  which  the  first-named  writer  makes  out  so  clearly  in 
the  Astasias,  are  merely  supposed  to  be  represented  by  certain  <<  defined  glo- 
bular bodies  of  nearly  equal  size  and  of  a  faint  opaque  yeUow  colour,  which 
closely  resemble  ovules  "  (why  ?),  not  uncommon  in  many  ciliated  Protozoa, 
e.  g.  **Amphil^tu8  fasciola,  Himantophorus  Charon^  &c."  Such  evidence  is 
purely  presumptive,  and  is  little  aided  by  M.  Jules  Haime's  anomalous  obser- 
vations. Bespecting  Perty's  arguments  and  reported  phenomena,  it  may  be 
objected  that  he  does  not  establish  his  attempted  rigorous  description  of  germs 
— -does  not  show  their  distinctive  peculiarities  as  stated,  and  seems  to  have 
confounded  together  various  internal  bodies  in  his  description  of  germs.  Thus 
in  the  Paramedvm  vertutum  (which  he  presumes  to  be  the  same  animalcule 
described  by  Oohn  as  Loxodes  Bursaria)  the  green  spheroidal  corpuscles 
look  to  be  nothing  more  than  the  chlorophyU  globides  pointed  out  by 
Oohn  and  Stein.  Again,  of  the  ambiguous  corpuscles  in  other  Protozoa  cited 
as  ovules  or  germs,  it  is  simply  £rom  their  doubtful  character  that  this 
can  be  presumed ;  for  our  knowledge  of  the  contents  of  the  Giliata,  of  the 
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cfaangee  they  maj  visibly  undei^  from  the  action  of  external  agents,  from 
age,  and  other  conditions,  is  at  present  too  imperfect  to  signalize  certain  par- 
tides,  definable  by  no  sufficient  characteristics,  as  special  structures,  such  as 
ova, — unless,  indeed,  we  can  watch  their  origin,  growth,  extrusion,  and  de- 
velopment into  animalculea  assuming  the  particular  form  and  organization  of 
the  parent  animal  at  an  earlier  or  later  date.  Perty,  indeed,  has  imagined — ^not 
proved — certain  minute  organisms  floating  in  the  vicinity  of  an  animalcule, 
having  about  the  same  size  as  the  supposed  internal  ovules,  to  be  the  yoimg 
resulting  from  those  germs ;  and  although  it  cannot  be  denied  that  he  is  in 
the  light,  yet  it  is  for  him  to  show  that  he  is  so,  by  elucidating  the  phases  of 
development;  and  we  must  always  keep  in  view  the  very  erroneous  fsmcies 
which  result  from  these  supposed  relations  between  contiguous  organisms, 
very  probably  only  accidentally  brought  together, — of  wMch  we  have  an 
iUustration  in  the  visionary  hypotheses  of  spontaneous  development  and 
ascendant  embryogeny  put  forth  by  Gros  and  others. 

We  have  stated  the  preceding  objections  against  the  particular  statements 
of  Carter  and  Perty,  and  not  against  the  hypothesis  of  ^e  production  of  in- 
ternal germs ;  for  sufficient  examples  are  on  record  of  the  production  of  such 
gfsrma  and  of  living  embryos  within  animalcules,  after  preparatory  develop- 
mental changes,  from  the  fission  and  breaking  up  of  the  nucleus.  Before  leaving 
this  hypothesis  of  the  existence  and  development  of  internal  germs,  it  is  but 
light  to  mention  that  it  has  been  received^  among  others,  by  Eckhard  and  by 
Oscar  Schmidt,  both  of  them  supporters,  in  almost  all  their  details,  of  Ehren- 
berg's  views,  and  who  are  believed  by  most  authorities  to  have  too  much  the 
ehaxaeter  of  advocates  of  a  particular  theory,  to  discuss  or  to  observe  in  ge- 
neral without  prejudice.  To  allude  briefly  to  their  observations,  Eckhard 
(A.  N.  H.  1847,  xviii.  Suppl,  p.  446)  in  the  first  place  remarks,  as  others 
have  done,  on  the  very  different  sizes  of  animalcules  of  the  same  species,  as 
a  proof  of  ovular  development,  arguing  that  the  very  smallest  cannot  result 
from  fission  or  gemmation.  To  this  he  appends  an  observation  made  on 
Stentor  earuUuB  (XXIX.  8),  which,  ftt)m  its  completeness  and  apparent 
truthfulness,  deserves  quotation  when  we  come  to  speak  of  the  development 
of  ova.  Schmidt  corroborates  Eckhard's  statement  of  the  production  of 
living  germs  from  Stentor  cwruleus,  and  affirms,  in  addition,  that  germs  are 
fr^nently  extruded  and  developed  outside  the  parent,  and  that  their  subse- 
quent development  frt)m  minute  globular  and  conical  transparent  and  almost 
colourless  organisms,  with  long  cilia,  may  be  watched  through  all  the  inter- 
mediate stages  until  the  complete  animalcule,  with  its  spiral  ciliary  wreath 
and  mouth,  is  perfected. 

The  preceding  speculations  on  the  development  of  ovules  and  germs  have 
their  importance  materially  modified  by  M.  Balbiani's  recent  researches  and 
hypotheses  respecting  the  prevalence  of  a  sexual  mode  of  reproduction  among 
the  Ciliata,  as  detailed  above  (pp.  329-334). 

Sfebmatozoids  (  ?  ). — ^This  term  is  provisionally  applied  by  Mr.  Carter  to 
grannies  originally  developed  from  the  nucleus  in  Amoeba^  Euglypha,  and 
SpongiUa,  and  supposed  by  him  to  impr^nate  the  ovules.  "  With  reference 
to  the  organs  of  generation,"  he  writes  (-4.  N,  U,  1856,  xviii.  p.  228),  "  in 
the  other  Infusoria,  I  can  state  no  more  than  that,  although  there  is  a  fusiform 
nucleus  in  Otostoma  (XXYIII.  25,  26),  I  have  also  constantly  seen  a  bunch 
of  string-like  filaments  floating  about  its  interior,  which  appeared  to  be  at- 
tached near  the  buccal  cavity ;  and  although  I  could  make  out  nothing  more,  I 
could  at  the  same  time  only  liken  these  to  the  generative  apparatus  in  the 
Planaria  m^itioned,  which  floats  round  the  buccal  cavity  and  upper  part  of 
the  membranous  stomach  in  a  similar  manner." 


Digitized  by  VjOOQ IC 


838  GSNERIL  HIBIOBT  OP  THE  IHFirSORIA.  ^ 

The  notice  of  Mr.  Garter,  of  the  peculiar  BtructureB  he  would  deaigiuite 
spermatozoidsy  is  as  yet  unconfirmed  by  other  writers ;  and  we  must  therefore 
ecmsider  their  nature  and  purpose  still  8%ib  judiee. 

Since  the  above  was  written,  M.  Balbiani's  researches  (A.  JV.  ff.  1858,  voL  i. 
p.  435)  confirm  Mr.  Carter's  opinion  so  far  as  relates  to  the  development  of 
spermatozoids  or  male  reproductive  elements,  but  refers  their  origin  to  the  nu- 
cleolus instead  of  the  nucleus.  In  our  history  of  these  last-named  organs,  we 
have  presented  M.  Balbiani's  views,  and  must  here  refer  back  to  them  (p.  329). 

AccESSoBT  CJoiTTBNTs: — Grakitlss ;  Molecules;  6phesical  Cells;  Sup- 
posed Glakds. — Among  the  remaining  contents  of  the  CiHata  are  numeroas 
granules,  molecules  and  fstt-cells,  Mr.  Carter  (A,  N.  H.  1856,  xviii.  p.  121) 
makes  a  distinction  between  granules  and  molecules — ^two  terms  whidi  by 
others  are  very  loosely  used  and  not  specially  defined.  This  writer,  however, 
would  restrict  the  term  molecules  (molecule)  to  colourless  granules  more 
minute  than  those  he  understands  by  the  latter  appellation.  <*  They  differ  in 
sixe,  and  are  the  first  bodies  that  appear  in  it  (t.  e,  the  saroode) ....  By  the 
time  the  ovules  have  become  fiilly  formed,  the  saroode  and  its  moleculsD  have 
died  off  or  disappeared." 

The  granules  ''  make  their  appearance  among  the  moleculs,  and  are  inr^ 
oulated  round  the  abdominal  cavity  in  the  manner  of  the  digestive  globules 
and  particles  of  food.  They  are  of  different  sizes,  but  chiefiy  characterized 
by  beiog  much  larger  than  the  moleculs,  few  in  number,  of  a  circular,  ellip- 
tical, elongated,  subround,  or  irregular  shape,  with  thick  dfiu*k  edges,  appa- 
rently produced  by  obstruction  to  the  passage  of  light, — colourless,  or  of  a 
yeUowish-green  tmt.  When  large,  and  with  no  other  granular  matters  pre- 
sent but  the  moleoulee,  they  form  a  striking  feature  in  the  interior  of  Amoeba^ 
Varticellay  Oxytriclia,  Paramecium  Aurelia,  &c. ;  but  at  times  they  are  so  in- 
significant in  size  as  to  be  undistinguishable  from  the  moleculae,  even  if 
present  at  all.  That  they  are  not  ovules  may  be  satisfactorily  seen  when 
both  are  together, — ^the  dark,  thick,  and  frequently  irregular  edges  and  colour- 
less state  of  the  former  contrasting  strongly  with  the  thin  circular  margin 
and  fednt  yellow  tint  of  the  latter.  They  appear  to  increase  in  size  and 
number  with  the  age  of  the  Infusorium,  and,  when  fully  developed,  to  remain 
unaltered  in  size,  though  apparently  somewhat  shrivelled  in  form,  until  their 
dissolution.  On  one  occasion,  while  watching  the  metamorphosis  of  an  Oxy- 
tricha  (similar  to,  but  hot  the  same  as,  that  described  by  M.  Jules  Haime, 
and  of  which  I  hope  to  give  a  detailed  account  hereafter),  these  granules, 
during  the  formation  of  the  globular  cell  within  the  body,  which  enclosed  ibe 
materials  from  which  the  PJoesconia  was  ultimately  developed,  became  con- 
gregated together  at  the  posterior  extremity  of  the  Oxytrieha,  and  remained 
tiiere  in  a  roundish  mass,  shut  out  from  the  cell,  untU  the  latter  burst  for 
the  liberation  of  the  Plcesconia,  when,  with  the  deciduous  coverings,  they 
passed  into  dissolution.  Of  the  nature  of  their  office  I  am  ignorant ;  but  they 
are  sufficiently  remarkable  and  constant  to  demand  particular  notice." 

Perty  speaks  of  molecules  and  granules  together,  and  expresses  his  opinion 
that  some  are  simple  fat-corpuscles,  and  others  the  first  rudiments  of  internal 
germs  or  ovules.  Stein  also  carefully  distinguishes  fat-granules  from  others 
not  fatty.  In  Opercularia,  B^tylis,  and  allied  genera  of  Vorticellina,  this 
observer  points  out  that  no  particles  of  food  penetrate  to  the  posterior  extre- 
mity, where  its  diameter  is  narrowed  to  unite  with  the  stem,  but  that  this 
region  is  occupied  with  a  heap  of  large  fiEtt-corpuscles  and  of  minute  granules 
of  probably  the  same  nature.  Isolated  corpuscles  resemble  precisely  the  fat- 
particles  scattered  through  the  body.  He  cannot  assent  to  Ehienbei^s  pix>- 
position,  that  this  heap  of  granules  represents  a  sort  of  loose  ovary,  but  would 
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oonflider  it  to  be  a  store  of  nntritiye  matter  spedaUy  intended  to  ftunish  the 
material  required  in  the  oonatruction  of  the  stem. 

Under  the  name  of  '*  spherical  eeUs  "  Mr.  Carter  (op,  dt,  p.  124)  describes 
some  special  stmctores^  which,  so  £ur  as  we  know,  are  not  mentioned  by  any 
other  observer.  **  They  abound,"  he  writes, ''  in  the  sareode  of  Otostoma 
(XXYUI.  25,  26),  and  apparently  in  many  of  Ehrenberg's  *  Allotreta«'  In 
Otostoma  they  are  of  different  sizes,  because  they  are  in  all  stages  of  develop- 
ment ;  and  to  keep  up  their  numbers  without  difrt^ending  the  animalcule,  they 
must  be  c<mtinually  undergoing  rapid  decay  as  well  as  reproduction.  The 
most  remarkable  feature  in  them  is,  that  the  laigest  contain,  besides  other 
granular  bodies,  several  small  cells  filled  with  a  yellowish-brown  fluid ;  and 
these  cells  are  also  found  free  among  the  general  group ;  but  of  what  their 
ultimate  destination  is,  as  they  do  not  appear  to  grow  la]^;er,  or  to  become  re- 
productive, we  know  nothing.''  On  comparing  these  cells  with  those  seen 
in  the  stomachs  of  Planarics  and  Botifera,  Mr.  Garter  concludes  that  they  are 
homologous  with  them,  and  represent  a  biliary  secreting  organ.  ''Although,'' 
he  adds,  "  ovules  may  occasionally  issue  together  with  these  cells  from  Oto- 
stoma,  &c  as  well  as  frt)m  the  Planarics,  yet  the  two  can  hardly  be  con- 
founded." 

On  the  correctness  of  this  description  we  have  no  means  of  deciding  :  the 
genus  Otostoma  has  not  &llen  under  our  observation ;  and  the  figures  to  illus- 
trate these  spherical  cells  convey  no  dear  conception  of  their  characters.  We 
might  hazard  the  conjecture  that  these  supposed  definite  cells  are  only  glo- 
bules of  food ;  for  we  are  scarcely  prepared  to  admit  the  existence  of  hepatic 
cells  in  the  simple  tissue  of  Protozoa,  between  which  and  the  complex  organ- 
ization of  Rotifera,  with  their  true  membranous  stomach,  so  wide  a  difference 
subsists  that  no  true  homology  can  obtain. 

Periiaps  the  coloured  "  spherical  cells  "  of  Mr.  Carter  are  identical  with 
the  yellowish  and  brown  vesicles  Perty  (op,  cit.  p.  53)  separated  from  Nas- 
stda  avrea  by  crushing  it  between  the  glass  slide  and  cover,  from  j^jp^'" 
to  y^(^'"  in  size,  and  which  he  concluded  to  be  fiat-globules,  ana  only 
anotner  stage  of  development  of  numerous  smaller  white  corpuscles  he  met 
with  in  the  same  being. 

Stein  has  established  the  existence  of  a  pair  of  oblong  or  reniform  solid 
glandular-looking  organs  a  little  beneath  the  peristom  of  OperetUaria  arti- 
eulata  (XXX.  20),  the  purpose  of  which  cannot  be  surmised.  Tiichmann 
has  hinted  at  the  possibiUty  of  their  being  nervous  ganglions,  but  neverthe- 
less feels  quite  unable  to  express  an  opinion. 

The  chlOTophyll-corpusdes,  chiefly  confined  to  the  soft  subtegumentary 
lamina,  have  already  been  spoken  of  (p.  297),  and  need  no  further  notice, 
except  it  be  to  recall  an  opinion  of  Cohn,  that  the  coloured  masses,  called 
by  Ehraiberg  ciliary  glands,  seen  in  a  few  species  of  Nasstda,  are  probably 
of  the  same  nature  as  those  corpuscles. 

CiacTiLATioH  OF  CwTTENTs  (XXIX.  25). — The  remarkable  phenomenon 
of  the  circulation  or  rotation  of  a  portion  of  the  contents,  similar  to  the  cy- 
dosis  in  the  cells  of  many  plants,  is  witnessed  in  most  of  the  Ciliated  Protozoa. 
It  had  attracted  the  notice  of  several  observers  before  Ehrenberg  published 
his  great  work  in  1838,  and  was  very  speedily  urged  in  argument  against  his 
views  of  polygastric  organization,  to  wluch,  indeed,  it  seemed  fiital,  inasmuch 
as  such  a  rotation  is  clearly  incompatible  with  the  existence  of  stomachs  at- 
tached to,  and  connected  together  by,  a  fixed  intestine.  To  meet  the  objec- 
tion thus  raised,  the  Berlin  professor  suggested  that  the  ai^)arent  circulation 
was  abnormal,  or  a  dis^ised  condition,  the  consequence  of  an  over-  distension 
of  one  stomach-sac  at  the  sacrifice  of  others,  an  explanation  quite  inadmissi- 
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ble,  since  the  phenomenon  is  one  to  be  very  frequently  observed  in  animal- 
cnles  evidently  in  ftdl  functional  activity  and  uninjured,  and  because  the 
particles  of  food  entering  the  interior  assume  their  usual  globular  form  (i.  e. 
acquire  the  characters  given  by  Ehrenberg  to  his  so-called  stomach-sacs),  take 
their  usual  course,  and  do  not  accumulate  in  a  confused  manner  within  a  large 
sac,  such  as  the  supposition  in  question  implies. 

Microscopists  are  now  agreed  in  representing  this  rotation  to  be  confined 
to  a  layer  or  stratum  of  the  contents  within  the  subtegumentarj  or  cortical 
lamina,  and  not  to  extend  to  the  central  portion,  as  Cohn  represented  (Zeitschr. 
1861,  p.  265).  The  current  is  from  left  to  right,  as  we  look  down  upon 
the  animalcule  (XXIX.  25)  imder  the  microscope,  and  therefore  is  actually 
the  reverse,  or  from  right  to  left,  with  regard  to  the  animal  itself.  It  never 
changes  its  direction  or  course ;  but  its  rapidity  varies  in  different  species,  and 
even  in  the  same  species  under  different  circumstances  affecting  its  vitality : 
such  are,  among  external  conditions,  light,  air,  warmth,  and  food ;  others,  age, 
the  encysting  and  reproductive  acts.  Oohn  observed  that  some  particles  in  a 
Paramecium  Bursaria  occupied  1^  to  2  minutes  in  making  the  circuit.  In 
Vorticella  the  current  is  slower.  .  The  stream  is  composed  of  a  thin  mu- 
cilaginous matter,  bearing  in  it  numerous  granules  and  molecules,  fSat-cor- 
puscles,  globules  of  food  (the  stomach-sacs  of  Ehrenberg),  and  the  remnants 
of  alimentary  matters  in  their  passage  to  the  discharging  outlet.  The  chlo- 
rophyll-corpuscles of  the  cortical  layer,  the  nucleus,  and  the  contractile  vesi- 
cles are  not  involved  in  the  current,  unless,  indeed,  a  few  of  the  first  named 
when  accidentally  detached  from  their  matrix.  The  nucleus  lies  more  or  less 
within  the  stream ;  and  although  moveable  to  a  considerable  extent  ^i  times 
by  the  onward  pressure  of  a  bolus  of  food,  it  yet  seems  to  maintain  a  con- 
nexion with  the  subtegumentary  lamina,  and  to  escape  being  drawn  into  the 
rotating  current.  Further,  in  the  large  VorticelUna,  such  as  Epistylis  and 
Optrcvdariay  the  mass  of  fat-corpuscles  at  the  base  of  the  body  does  not  join 
in  the  current ;  and  it  must  be  noted  that  the  food-globules  do  not  circi^te 
until  they  have  lost  the  independent  motion  received  by  them  on  their  pro- 
pulsion from  the  extremity  of  the  oesophagus. 

The  most  correct  view,  in  our  opinion,  of  the  nature  of  the  rotating  stream, 
is  that  of  Lachmann,  who  conceives  it  to  be  the  nutritive  fluid  elaborated  from 
the  food, — ^in  a  word,  "  chyme."  Such  a  fluid,  analogy  suggests  to  be  needed 
by  the  cortical  and  saroode  laminae  over  which  it  spreads  itself,  tor  supply  ma- 
terial fbr  their  renovation  and  rebuilding,  and  to  compensate  for  the  constant 
waste  consequent  on  the  perpetual  movements  of  the  animal.  And  may 
we  not  further  presume  that  this  current  also  serves  to  bear  away  from 
the  lamina  effete  particles  prior  to  their  elimination,  just  as  the  blood 
of  higher  animals  serves  both  as  a  pabulum  to  the  tissues  and  a  channel  for 
the  removal  of  their  worn-out  material  ?  Moreover,  this  circulation  of  a  nu- 
tritive fluid  around  the  inner  layer  of  the  animalcule  has  its  analogy  in  the 
rotation  of  a  similar  fluid  around  tl^e  general  abdominal  cavity  of  the  Coelen- 
terata,  such  as  the  Hydrozoa  and  Actmozoa. 

Respecting  the  cause  of  this  rotation  of  the  contents,  several  explanations 
have  been  broached.  Some  seeing  in  it  a  close  similarity  to  the  cydosis  of 
plants,  have  attributed  it  to  a  like  cause  ;  but  what  this  is  in  vegetable  ceUs 
is  anything  but  certain.  According  to  some,  the  nucleus  of  the  plant-cell  is 
the  exciting  force,  since  the  stream  seems  to  set  out  from  and  to  return  to 
the  nucleus ;  but  this  is  not  universally  the  case.  Others,  again,  imagine  dlia 
to  cover  the  interior  of  the  cell-wall — ^but  this  is  only  an  hypothesis, — whilst 
others  flnd  in  the  ^ctional  activity  of  growth  and  nutrition,  coupled  with 
the  co-ordinate  actions  of  light,  heat,  and  chemical  affinity,  a  sufficient  cause 
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for  the  phenomenon.  This  last  Tiew  comprehends  the  inteipretation  Stein 
pats  npon  the  movement  in  question  in  the  Protozoa,  which  is,  that  the  chlo- 
rophyll-globnles  by  their  action  on  light,  by  the  exhalation  of  carbonic  acid 
gas,  and  the  resultant  chemical  forces  developed,  produce  the  revolving  move- 
ment ;  for,  as  he  remarks,  the  movements  of  the  animals  have  nothing  to  do 
with  the  rotation,  as  some  have  suggested,  seeing  that  it  goes  on  when 
they  are  in  perfect  repose ;  and  moreover  is  seen  only  in  those  rich  in  chlo- 
rophyll, and  not  in  colourless  individuals. 

In  elucidation  of  chemico- vital  action  as  a  motor  force,  we  may  allude  to 
vegetable  physiology,  which  teaches  us  its  power  in  the  circulation  of  the  sap 
through  the  appointed  channels  in  the  leaves  and  thence  downwards  through 
the  inner  bark.  But,  apart  from  the  influence  of  chemico- vital  forces,  we  cannot 
exclude  the  idea  that  the  propulsive  force  of  the  oesophagus,  in  impelling  food 
or  water  into  the  general  cavity,  must  aid  the  current,  even  if  its  axis  do  not 
precisely  correspond  with  the  course  at  the  point  where  it  is  first  operative, 
since,  from  the  difference  in  the  arcs  described  by  the  course  of  the  stream 
and  by  the  oesophageal  current,  the  two  must  eventually  become  coincident 
and  concurrent. 

In  a  recent  letter  to  us,  Dr.  Strethill  Wright  remarks  that  "  in  Carche- 
sium  polypinum  active  molecular  movements  may  be  detected  throughout 
every  part  of  the  rooid  (animalcule),  even  in  the  thickened  rim  upon  which 
the  dlia  are  placed.  This  movement  seems  to  be  distinct  from  the  rotatory 
motion  of  the  whole  contents  of  the  body,  so  readily  seen  in  Epistylis  grandis, 
and  which  only  occasionally  occurs  in  Carehefium,  The  zooids  of  the  class 
of  Protozoa  seem  to  be  composed  of  sarcode  in  its  most  fluid  state,  enclosed 
in  a  delicate  contractile  coat.  In  this  sarcode  a  desultory  circulation  occurs, 
either  as  molecular  motion  or  as  steady  rotation,  or  as  a  backward  and  for- 
ward flowing  occasioned  by  change  of  shape  in  the  body,  as  in  Ophrydium 
versatile.^  

The  Ekctstikg-peocess  ih  the  Ciliated  Peotozoa  (XXVlll.  6,  7,  66, 
67, 74-76 ;  XXIX.  18, 19, 21-23, 39-46, 52-58).— Although  the  encysting- 
process  is  very  frequently  associated  with  the  act  of  reproduction,  yet  it  is 
also  concerned  with  the  preservation  of  individual  life,  and,  so  fsir,  deserves 
consideration  apart  frt>m  the  former.  Were  it  not  for  some  provision  against 
sach  a  contingency,  animalcular  life  would  be  exposed  to  wide-spread  destruc- 
tion by  the  change  of  seasons,  by  the  drying  up  of  the  pools  and  ditches  they 
inhabit,  and  by  other  injurious  external  influences.  Such  a  provision  is  made 
by  the  act  of  encysting,  which  enables  these  minute  animal  organisms  at  all 
ages  to  resist  those  destructive  agencies,  and  also  provides  for  their  almost 
unlimited  difiusion.  The  construction  of  sheaths  aroimd  animalcules  is  an- 
other protective  act  (see  p.  282),  but  differs  from  encysting  in  not  completely 
enclosing  them. 

When  an  animalcule  is  about  to  enc3rst  itself,  its  movements  become  less 
active,  and  presentiy  cease ;  at  the  same  time  it  withdraws  and  folds  up  its 
rotary  or  other  prominent  process,  closes  its  oral  aperture  and  contracts  itself 
in  a  more  or  less  spherical  shape,  and  its  cilia  disappear.  Having  proceeded 
thus  foi,  an  excretion  is  thrown  out  around,  which  gradually  hardens,  assumes 
a  membranous  form,  and  invests  the  animalcule  as  a  cyst  or  case.  It  may 
happen  that  the  conjBtruction  of  the  cyst  commences  before  the  animal  is 
quiescent,  while  it  still  moves  slowly  about  or  revolves  on  itself  by  the  out- 
pouring of  the  soft  gelatinous  matter  out  of  which  it  is  to  be  elaborated,  as 
is  seen  in  AmphiUptm  (XXIX.  19),  Colpoda  (XXIX.  35— 43),  and  Chilodon 
(XXIX.  48-58).  Moreover,  after  the  animalcule  is  endoeed  within  its  case, 
it  may  for  a  time  vary  its  figure,  and  also  turn  on  itself  with  more  or  less 
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activity,  by  means  of  its  cilia,  which  yet  remain  apparent.  Stein  mentions 
this  phenomenon  in  Siylonychia  pustulata  (XXIX.  18),  and  in  the  ^icysted 
embryos  or  gemmsB  of  CoJpoda ;  and  we  know  that  similar  moyements  precede 
its  revival  from  its  quiescent  condition  in  all  cases. 

The  cyst- wall  is,  at  least  in  some  examples,  double,  consisting  of  an  outer, 
finely-granular,  softer  layer  and  an  inner,  consistent,  elastic,  homogeneous 
membrane  (XXIX.  21,  22, 41,  43).  It  may  be  that  two  such  laminsB  always 
exist ;  for  the  outer  one  crumbles  away  so  soon  as  the  enclosed  animal  prepares 
to  reassume  its  activity,  and  it  is  after  the  onset  of  internal  changes  that 
most  observations  have  been  made  upon  cysts.  The  two  coats  were  remained 
by  Auerbach  (Zeitschr.  1864,  p.  431)  in  Oxytrichu  PeUioneOa  (XXIX.  21-23) ; 
by  Stein  in  Chihdon  CtwuUulus  (XXIX.  53,  54),  in  Stylonychia  pustulata 
XXIX.  18),  and  in  Nasmla  ambigua  ;  and  by  Cieoikowsky  in  Nasmla  vtridis 
(XX  V  111.  67),  &o.  In  ChUodcn,  indeed,  Stein  represents  several  concentric 
layers  to  the  cysts  (XXIX.  55, 56),  and  states  that  in  this  instance  the  walls 
acquire  no  firmness,  but  remain  soft  and  gelatinous. 

Another  peculiarity  attaching  to  cysts  in  some  species,  is,  that  ihey 
produce  folds  or  plaits  on  their  surfSace,  and  therewith  acquire  an  apparent 
angular  outline,  as  Stein  exhibits  in  his  figures  of  encysted  Epistylis  pUcatUis 
and  E,  hranehiophila,  where  the  lines  are  longitudinal,  and  m  encysted  Oper- 
cxdaria  herberiformis,  where  they  are  transverse  or  annular. 

Again,  the  cyst- walls  are  not  always  smooth :  thus,  in  Nasstda  ambigua 
Stein  represents  them  as  punctate  in  longitudinal  lines ;  in  Stylonychia  puM- 
tiOata  (Mimer's  Archiv,  1866,  iv. ;  A.  N.  H.  1867,  xLi.  p.  228)  they  have 
stellate  markings,  and  in  a  small  undescribed  species  of  Epistylts  a  finely- 
shagreened  surface. 

The  changes  which  the  encysting  animal  itself  undergoes  have  been  men- 
tioned generally ;  but  a  few  more  details,  aided  by  reference  to  particular 
examples,  are  r^uired  for  a  more  complete  elucidation  of  them.  So  soon  as 
the  animalcule  becomes  quiescent  vfdthin  the  sac  secreted  aroimd  it,  the  cilia 
which  covered  the  surface,  including  any  of  larger  dimensions  disposed  along 
certain  tracts,  or  upon  particular  processes,  disappear,  and  have  generally  beea 
•  presumed  to  be  destroyed ;  however,  various  observations  are  on  record  which 
seem  to  show  that  this  is  not  universally  the  case,  but  that  not  unfrequently 
they  are  merely  concealed  from  view ;  and  this  being  so,  it  becomes  ques- 
tionable whether — especially  in  the  ordinary  process  of  encysting,  where 
only  the  conservation  of  lie  individual  is  intended — their  destruction  or 
absorption  is  the  rule.  An  observation  of  Stein  may  be  quoted  on  this  ques- 
tion : — ^An  encysted  Chilodon  CucuUtdtLS,  after  developing  several  embijos, 
ceased  this  process  of  propagation,  redisplayed  its  cilia  as  if  by  simple  evdu- 
tion,  and  commenced  moving  within  its  cyst  along  with  one  of  its  embryos 
(XXrX.  68).  The  inference  deducible  from  this  particular  observation  in 
the  case  of  itie  encysting-process,  even  when  exercised  for  the  distinct  purpose 
of  generation,  is  greatly  strengthened  by  the  oft-repeated  observations  of  the 
release  of  the  imprison^  beings,  by  pressure  causing  the  rupture  of  the  newly- 
formed  cyst,  in  the  possession  of  their  complete  figure  and  their  ciliary  arma- 
ture. We  may  add  that  no  proof  exists  of  an  actual  new  formation  of  cOia 
upon  beings  when  emerging  fix)m  their  cyst ;  all  that  can  be  predicated  is, 
that  cilia  reappear  in  their  normal  positions  and  arrangement. 

To  sketch  now  the  history  of  the  encysting-process  by  a  reference  to  some  of 
the  many  examples  recorded  by  various  microscopists ;  for  the  act  has  been 
witnessed  in  so  many  species  and  genera,  that  it  is  assumed  to  be  common  to 
all.  The  description  given  by  Cohn  (Zeitschr.  1 853,  iv.  p.  267)  of  the  encyst- 
ing of  Traehelius  Ovvan  may  be  given  as  an  example  (^JX.  19,  20) : — The 
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moyementB  of  the  animalcole  become  slower,  and  befbre  eeaaing  altogether, 
consist  in  a  simple  rotation  without  change  of  position.  The  <^ia  are  next 
seen  to  become  indistinct  and  to  disappear ;  and  a  delicate  line,  removed  some 
little  distance  from  the  periphery  of  ^e  enclosed  animal,  makes  its  appear- 
ance, indicating  the  limit  of  a  soft  gelatinous  envelope.  Whilst  this  proceeds, 
the  animal  assumes  a  more  globular  and  contracted  figure,  chiefly  by  folding 
down  its  lip-  or  trunk-like  process  upon  its  general  surface.  The  secreted 
covering  in  the  meanwhile  gains  in  finnness,  but  loses  in  thickness,  and  thus 
acquires  the  character  <^  a  membrane,  which  closely  invests  the  TracheUut, 
except  at  places  where  the  two  sur&ces  are  separate  and  distinct. 

This  may  be  termed  the  first  degree  of  encysting,  and  affects  the  creature 
so  slightly  that  it  can  shake  off  its  coating  of  its  own  accord,  and,  by  rupturing 
its  sac,  reassume  its  pristine  appearance  and  activity.  This  phenomenon  was 
witnessed  four  times  in  the  same  individual  by  Cohn,  and  supposed  by  him 
to  have  been  induced  by  the  abnormal  conditions  (the  action  of  light,  &c.)  in 
which  the  animalcule  was  placed  under  the  microscope.  Stein  (op.  eii. 
p.  133)  in  a  similar  manner  recounts  the  formation  of  a  cyst  aroimd  Chilodon 
CueUttulus,  and  titie  possibility  of  setting  it  free  by  breaking  down  the  cyst  by 
pressure.  In  Trachdivis  the  devdopment  of  the  cyst,  to  the  stage  described, 
occupied,  according  to  Cohn,  only  ten  minutes.  Where  the  process  advances 
beyond  this  degree,  the  cyst  commonly  acquires  a  denser  and  firmer  con- 
sistence ;  the  animalcule  can  no  longer  deliver  itself  at  once  of  its  own  accord 
from  its  prison,  but  undergoes  a  frirther  change  from  its  normal  form,  and 
requires  those  vivifying  influences  of  external  warmth,  light,  and  moisture, 
such  as  spring-time  brings  vnth  it,  to  arouse  it  from  its  torpid  state,  and  to 
cause  the  reappearance  of  its  hitherto  obliterated  oigans. 

Stein  has  very  copious  details  of  the  whole  process  of  encysting  in  various 
Ciliated  Protozoa ;  but  in  none  is  that  process  more  interesting  to  follow  than 
in  the  Vwticdlina.  In  members  of  this  family  the  state  of  extreme  contrac- 
tion, induced  by  some  external  cause  obnoxious  to  them,  becomes  fixed,  and 
only  the  irregularly-curved  space  covered  over  by  the  completely-closed 
peristom  indicates  the  complicated  ciliary  apparatus  of  the  head ;  and  even 
this  decreases  to  a  streak,  and  at  length  vanishes  altogether.  Whilst  this 
goes  forward,  a  membrane  forms  around  the  being  which  is  now  detached 
from  its  stem,  and  a  globular  or  ovoid  cyst,  containing  a  nucletis  and  a  con- 
tractile vesicle,  is  the  representative  of  the  once  active  and  elaborately- 
organized  VortkeUa, 

To  what  degree  the  encysting  process  may  advance  without  depriving  the 
animal  of  its  ability  to  recover  its  freedom  and  original  character,  is  well  ex- 
emplified by  Auerbach's  observation  on  the  cysts  of  Oxytricha  PeUiondla 
(XXIX.  21,  24)  (Zeitsehr.  1854,  v.  p.  430).  This  able  microscopist  found  a 
number  of  globular  cysts,  vnth  two  coats,  enclosing  a  hcHUogeneous,  finely- 
grantilar,  brovm  substance,  within  which  was  a  darker,  rounded  body  (XXIX. 
21),  or  at  times  two,  and  more  rarely  three  such,  seemingly  derived  from  it, 
indicating  the  nucleus.  The  contents  naturally  filled  the  capsule ;  the  addi- 
tion, however,  of  a  little  muriatic  add  caused  them  to  shrink  into  a  roundish 
body,  somewhat  more  extended  on  one  side,  and  traversed  by  a  few  deep 
folds  or  fissures  (XXIX.  22).  Such  were  the  bodies  met  with  during  the 
eontinuance  of  winter ;  but  when  early  spring  arrived,  these  b^;an  to  e^iibit 
signs  of  vital  activity  vnthin. 

The  first  change  remarked  was  the  appearance  of  a  vesicle,  which  by 
d^prees  acquired  increased  contractility ;  then  the  body  retracted  itself  from 
the  cyst-wtdl  and  commenced  to  revolve  in  a  vacillating  manner,  whilst  the 
outer  granular  lamina  of  the  cyst  broke  away.    Cilia  now  could  be  seen  dis- 
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tributed  over  the  surface  of  the  animaly  and  a  close  row  of  much  strcmger  ones 
along  a  fold  recalling  the  characteristics  of  Stylonychia  or  of  Oxytricha^ 
although  the  animal  still  wanted  the  general  conformation  of  the  body 
peculiar  to  either  of  these  genera  (XXIX.  23).  All  this  time  the  darker 
nuclear  body  or  bodies  had  retained  their  existence  and  position,  whilst  the 
contractile  vesicle,  on  the  other  hand,  grew  smaller,  apparently  by  the  ex- 
pulsion of  part  of  its  fluid  contents  to  occupy  the  space  left  between  the 
animal  and  its  capsule  by  the  contraction  of  the  former.  The  enclosed  body, 
when  freed  from  the  wall  of  the  cyst,  commenced  moving,  not  in  a  regular 
rotation,  but  in  a  jerking  manner,  from  side  to  side  as  it  turned,  until  at 
length  it  ruptured  the  walls  of  its  prison  and  made  its  escape.  The  animal 
thus  set  at  large  presented  the  characters  of  Oxytricha  (XXIX.  24)  di- 
stinctly enough  to  recognize  it  as  belonging  to  the  genus  ;  and  at  the  same 
time  the  numerous  escaping  germs  and  the  rapid  appearance  of  a  multitude 
of  OxytricJia  PeUionetta  of  all  sizes  confirmed  this  view  of  their  nature. 
Nevertheless  a  slight  diflerence  existed  between  the  newly-emerged  indi- 
viduals and  mature  specimens, — ^the  former  being  more  oval,  and  their  contents 
less  hyaline,  more  granular,  and  of  a  yeUowish  colour  by  transmitted  light : 
still,  specimens  occurred  of  every  intermediate  shade. 

This  observation  by  Auerbach  demonstrates  to  us  how  completely  modified 
and  actually  lost  the  characters  of  an  animalcule  may  be  when  it  becomes 
encysted  even  temporarily,  during  what  has  been  termed  the  winter-sleep ; 
for,  as  that  writer  shows,  the  Oxytricha-cjBts  he  discovered  could  not  -have 
been  ova,  or  a  mere  transitional  phase  to  a  higher  form  of  existence.  Similar 
instances  of  cyst-evolution  are  recorded  by  other  observers ;  but  generally  the 
whole  history  of  the  cyst  is  not  given,  but  only  that  portion  in  whidi  an 
actual  animalcular  form,  in  movement  by  means  of  cilia,  has  revealed  itself; 
such  is  the  instance  of  Amphileptua  Fasciola  mentioned  by  Cohn  (Zeitschr.  v. 
1854,  p.  434).  Furthermore,  variations  in  the  internal  appearance  and  per- 
ceptible contents  of  cysts  vary  in  different  species,  just  as  do  their  waUs ; 
thus,  for  example,  in  Oxytiicha-cysU  the  contractile  vesicle  had  vanished  and 
appeared  de  novo  only  when  its  vital  activity  was  resumed, — while  in  other 
cases  this  sac  or  space  never  disappears,  but  is  even  more  prominent  than 
the  nucleus  before  the  action  of  reagents,  which  is  true  of  most,  or  of  all, 
VorticelUna, 

The  particulars  recounted  by  Mr.  Brightwell  respecting  Zootkamntum 
Arbuscula  (*  Fauna  Infusoria  of  Norfolk,'  1848),  which  he  thought  indicative 
of  a  mode  of  development  by  alternate  generation,  appear  to  us  to  represent 
probably  the  act  of  encysting,  or  that  degree  of  it  assumed  by  gemmsB  piiw 
to  detachment  from  their  parent  stem,  and  retained  by  them  until  they  have 
taken  up  a  fixed  position  and  proceed  tp  develop  a  peduncle  (see  section 
on  Fission  and  Gemmation).  We  extract  Mr.  Brightwell's  account,  so  that 
our  readers  may  form  their  own  opinion  of  the  nature  of  the  phenomena 
detailed : — 

"  Sept.  16th,  1846.  Early  in  the  morning  of  this  day,  we  observed  one  of 
the  Zooihamnium  arbusculu,  a  large  old  specimen,  which  had  lost  aU  its 
small  bell-shaped  animals,  but  had  several  medlar-shaped  buds  or  ova  re- 
maining upon  it.  It  was  seen  to  detach  from  its  stalks  nearly  all  these  ova, 
which  went  off  as  free  animals.  One  of  them  soon  after  setUcd  at  the  side  of 
the  water-trough,  and  after  agitating  its  anterior  cilia  it  suddenly,  and  with 
a  kind  of  violent  effort,  opened  into  a  cup-shaped  form,  and  darted  about 
with  great  rapidity,  occasionally  settling,  and  darting  off  again. 

**  At  nine  in  the  morning,  one  of  these  buds,  or  ova,  was  observed  fixed  to 
the  glass  by  a  sheathed  pedicle ;  a  ciliary  motion  became  perceptible  at  the 
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t(^  of  tho  bulb ;  and  i^  ten  it  had  divided  longitudinally  into  two  buds,  each 
supported  by  a  short  stalk.  The  ciliary  motion  continued  in  the  centre  of 
each  of  these  two  buds,  which  by  degrees  expanded  longitudinally,  and  at 
twelve  had  become  four  buds.  By  four  in  the  afternoon,  these  four  buds  had 
divided  in  like  manner  and  increased  to  nine,  with  an  elongated  foot-stalk,  and 
interior  contractile  muscle. 

"  During  the  development  of  another  specimen,  the  stalk  appeared  to  have 
transverse  ribs  or  joints,  and,  whilst  a  drawing  was  making,  graduaUy  bent 
downwards,  and  all  the  buds  severally  detached  themselves  fiom  it,  and  w«it 
off  as  free  animalB,  leaving  only  the  bent  stalk.  In  this  interesting  process 
we  see  something  analogous  to  what  Steenstrup  describes  as  *  a  mode  of 
development  by  means  of  nurses  or  intermediate  generations.' 

^'  This  mode  is  described  as  that  in  which  an  animal  produces  a  progeny 
permanently  dissimilar  to  itself,  but  which  progeny  produces  a  new  gmeraUon 
in  itself  or  its  of&prmg,  retuining  to  the  form  of  the  parent  animal  It 
will  be  seen  that  this  development  differs  from  that  of  metamorphosis,  in 
the  circumstance  of  the  intermediate  animal  (the  nurse)  being  itself  a  perma- 
nent and  producing  form. 

**  To  show  this  to  be  the  case  with  Zoolhammvm,  it  would  be  necessary  to 
prove  that  the  medlar-shaped  animals  were  a  permanent  form,  piodudnir  a 
race  which,  in  themselves  or  in  what  they  produced,  returned  to  the  form  of 
the  parent  animal. 

''  We  have  not  been  able  to  carry  the  development  of  these  buds  or  ova 
further  than  PL  12.  f.  67, 68,  69,  and  wood  cut "  (see  Part  11.).  "  And  it  is 
remarkable  that  in  all  these  the  buds  have  produced,  not  the  little  bell-shaped 
animalcules  like  the  parent  animal,  but  otiier  buds  like  themselves.  May  it 
not  be  the  case,  that  these  medlar-shaped  bodies  are  propagated  at  the  close 
of  the  year,  and  that,  when  the  plant  to  which  the  Zooihamma  bearing  these 
bodies  are  attached  dies  away,  they  remain  in  the  mud,  protected  from  the  cold 
of  the  winter,  and  in  the  spring  burst  forth,  and  settle  upon  the  new-growing 
plants,  and  produce  animals  of  the  parent-form.  They  would  thus  form  an 
intermediate  nursing  race  answering  to  Steenstrup's  description." 

Prof.  Cienkowsky  has  witnessed  {ZeiUchr,  1855,  vi.  p.  301)  cyst-c<mstruc- 
tion  in  NassuUi  viridis  (Buj.)  (XXVIII.  65 — 71),  Styhnychia  pustulaia 
(XXVIU.  74 — 76),  8.  hmceoJaia^  in  various  VorHcdke,  in  Bursaria  inmea- 
teUa,  B,  lateritia,  Podophrya  Jixa,  Loxodes  CuouUulus  (Duy),  Leueopkry$ 
8p€Uhula,  Amphileptus  margaritifer,  Bolophrya  brurmea,  and  lees  completely  in 
Amphikptui  Anas,  Styhnychia  Mytilus,  Paramecium  chrysaUs,  Spirostamum 
amhiguum,  Stentorpolymorphus,  St.  MiiUeri,  Paramecium  Aurelia,  and  Loxodee 
Burgaria, 

In  Loxodes  CuculhduB  (Duj.)  and  Stylonychia  pusUdata  he  saw  the  dis- 
charge of  the  whole  of  the  contents  of  the  cyst  in  the  form  of  encysted  Infu- 
soria. The  embryo  bom  frt)m  the  cysts  of  Styhnychia  pustulata  resembles 
closely  the  Trichoda  Lynceus,  and  can  multiply  itself  by  self-fssion  just  in 
the  same  manner  as  mature  and  independent  beings. 

In  cyst-development,  he  observes,  the  whole  of  the  contents  are,  as  Jules 
Haime  stated,  not  metamorphosed  into  the  resultant  embryo,  but  one  or  more 
portions  escape  in  the  form  of  globules,  apparently  ciliated,  and  move  off  with 
a  rotating  motion. 

BBmonxrcnoK  op  the Ciuated  Pbotozoa: — ^Fissiok,  modes  of;  Gemmation; 

DTTEBKAL   OvA   FBOBUCIKO   GbBMS    OB  EmBRTOS  ;    ImPBEOIT ATION  ;    PbODUCTIOK 

op  vew  Bsnros  with  ahd  without  Metamobphosis  ;  Tbakspobmatiok  nrro 
AciFETJB,  AJTD  Dbvelopmekt  OP  Embbtos. — Until  lately,  naturalists  in  general 
did  not  acknowledge  other  methods  of  reproduction  than  by  fission,  or,  as 
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8ome  would  call  it,  fifsatioiiy  and  by  gemination  or  budding,  which,  from  not 
being  trae  generative  acts,  have  been  called '  yegetative '  modes  of  propagation 
or  multiplication.  Becently,  however,  the  Ciliata  have  had  attributed  to  them 
true  generative  processes,  resulting  in  the  development  of  embiyos  either  with 
or  without  intercurrent 'metamorphoses. 

The  simpler  processes  of  fission  and  gemmation  are,  in  Stein's  opinion,  modes 
of  propagation  peculiar  to  immature  beings,  and  are  replaced  in  mature 
animalcules  by  tiie  agency  of  germs  or  embryos. 

Fissioir. — ^This  duplicative  subdivision  may  be  longitudinal,  transverse,  or 
obUque ;  and  whilst  some  species  divide  in  only  one  direction,  others  are 
capable  of  so  doing  in  two,  for  instance,  in  the  longitudinal  and  transverse, 
but  not  simultaneously.  Among  the  VortieeUina  longitudinal  fission  alone 
occurs ;  Paramecium  (XXIX.  27),  CJdlodon,  and  others  divide  both  longi- 
tudinally and  transversely;  Lagenophrys  obliquely  only.  Fission  has  not 
been  witnessed  in  Spirochona  nor  in  Trichodina,  nor  in  Colpoda  when  in  a 
free  state  and  not  encysted. 

Ehrenberg  came  to  the  conclusion  that  multiplication  by  spontaneous  divi- 
sion is  the  character  which  separates  animals  frt)m  plants.  It  is  true  (he 
argued)  that  gemmation  in  plants,  especially  in  very  simple  cells,  is  at  times 
very  similar  to  the  division  in  aTiimals ;  but  this  relates  to  the  form,  not  the 
formation.  A  vegetable  cell,  apparentiy  capable  of  self-division,  produces 
one,  or  contemporaneously  many  exterior  buds  (gemmce)^  without  any  change 
in  its  interior.  An  animal  which  is  capable  of  ^vision,  first  doubles  tiie  inner 
organs,  and  subsequentiy  decreases  exteriorly  in  size.  Self-division  proceeds 
from  the  interior  towards  the  exterior,  from  the  centre  to  the  periphery ; 
gemmation,  which  also  occurs  in  animals,  proceeds  from  the  exterior  towards 
the  interior,  and  forms  first  a  wart,  which  then  gradually  becomes  organized. 

This  supposed  distinction  between  fission  in  vegetable  cells  and  that  in 
simple  animals  like  Infusoria  is  set  aside  by  modem  researches,  which  show 
that,  when  a  plant-cell  is  about  to  divide,  the  mucilaginous  layer  of  the  wall 
(i.  e,  the  primordial  utricle)  manifests  a  constriction,  which  presenUy  involves 
the  wall  itself,  and,  gradually  deepening,  at  length  cuts  the  cell  into  two.  The 
observations  on  this  subject  in  the  chapters  on  DESMinixjsand  Biatowom  will 
more  completely  elucidate  it. 

Considered  with  respect  to  the  condition  of  the  animalcule,  fission  occurs 
in  the  active  and  imchanged  state,  as  in  Paramecium ;  or  in  a  contracted  state, 
as  in  VortieeUina ;  or  only  when  encysted,  as  in  the  case  of  Colpoda.  Hence 
it  follows,  that  it  pres^its  several  slight  modifications  in  its  course.  One 
general  fact  is,  that  whilst  fission  proceeds,  the  rotation  of  the  contents  of  the 
animalcule  is  at  a  stand-still.  In  its  simplest  variety,  the  dividing  being  first 
presents  a  constriction  at  each  pole  or  side  of  the  body,  which  gradually  ex- 
tends until  it  completely  cuts  it  into  two  equal  or  unequal  parts.  Simulta- 
neously with  the  first  indication  of  an  act  of  fission,  and  in  some  cases  before 
a  sign  of  it  is  to  be  detected  in  the  periphery  of  the  animal,  it  has  been 
generally  taught  that  the  nucleus,  after  elongating  and  usually  disposing 
itself  across  tiie  direction  of  the  line  of  scission,  takes  the  initiative  in  the 
act,  by  commencing  a  fission  of  its  own  substance  (XXIX.  27),  which  sub- 
sequentiy proceeds  step  by  step  with  that  of  the  entire  body,  until  complete. 
This  statement  is,  according  to  Lachmann  (A.  N,  H.  1857,  xix.  p.  230),  a 
mistake  when  made  respecting  the  Protozoa  generally ;  for  in  some  oases  the 
division  of  the  nucleus  is  consecutive  to  that  of  the  body,  and  "  in  others, 
again,  the  actual  fissation  of  the  nucleus  does  not  lead  to  that  of  the  body, 
but  embryos  are  developed  in  it ;  "  on  the  other  hand, ''  fissation  is  generally 
commenced  rather  by  a  new  formation  of  contractile  vesicles." 
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In  some  spedee  where  fission  proceeds  on  its  simple  type^  food  may  oon* 
tinne  to  be  reoeived  for  a  short  period  by  the  dividing  animal.  The  small  share 
the  abdominal  contents  within  the  cortical  lamina  have  in  the  vital  processes, 
is  shown  by  Lachmann's  observation  of  a  Stylonychia,  '*  which,  although  a 
considerable  part  of  its  chyme  had  been  suck^  out  of  it  by  an  Acineta,  still 
underwent  division,  so  that  one  of  the  gemmnles  of  division  swam  away  from 
it  briskly,  and  only  the  other  half  of  the  old  animal  was  destroyed." 

The  direction  of  the  line  of  section  is  perhaps,  when  longitudinal,  usually 
from  before  backwards,  the  constriction  i^pearing  first  and  advancing  more 
rapidly  at  the  head ;  but  the  contrary,  according  to  Stein,  prevails  in  CkUodon 
CueuUyJuSf  where  the  constriction  makes  its  way  solely  from  the  posterior  pole. 
When  fission  ia  transverse  or  oblique  it  necessarily  involves  the  reproduc- 
tion, in  the  posterior  half,  of  the  organs  existing  in  the  anterior,  viz.  the  ciliary 
apparatus  of  the  head,  the  oral  aperture,  the  tube  prolonged  from  it,  and  the 
contractile  vedde.  So  fiir,  ther^ore,  it  approaches  nearer  the  act  of  gemma- 
tion than  does  longitudinal  fission,  wherein  segments  of  the  already  existing 
oigans  are  separated  for  the  purposes  of  the  new  individual,  and  are  not 
tdtoally  reproduced  or  created  anew.  *^  In  those  Infusoria,"  says  T«achmann 
{A.  N,  H,  loe.  cU,),  *'  in  which  a  peculiar  series  of  stronger  cilia  leads  to  the 
mouth  (such  as  Oxytruhince  and  EvmlotecB\  the  farrow  in  which  this  series 
of  ciHa  is  situated  is  seen,  subsequenfly  to  or  simultaneously  with  the  division 
of  the  contractile  vesicle,  to  become  produced  backwards  over  the  mouth ;  in 
this  prolongation  dlia  are  produced,  and  its  posterior  extremity  becomes 
deepcoied  into  a  mouth  and  oesophagus,  which  then  opens  towards  the  ali- 
mentary cavity  of  the  animal ;  then,  simultaneously  with  the  external  con- 
striction of  the  body,  the  new  ftirrow  is  separated  txom.  the  old  one.  (In 
Stenior  the  new  frontal  series  of  ciHa  first  makes  its  appearance  on  the  old 
animal  as  a  lateral  straight  series — the  crista  lateralis  of  £hrenberg).  In 
animals  which  also  possess  peculiar  processes  of  the  body  as  organs  of  motion 
(hooks,  styles,  &c.),  the  fissation  tisually  takes  place  in  such  a  manner,  that 
each  of  the  newly-formed  animals  acquires  a  portion  of  these  from  the  old 
animal,  whikt  the  other  part  is  of  new  formation." 

The  manner  in  which  self-division  proceeds  in.  Protozoa  with  a  firm,  and 
seemingly  almost  brittle  integument,  is  exemplified  in  Coleps  (XXIY.  284, 
285).  Along  the  line  of  section  a  new  secretion  of  chitinous  substance  takes 
place,  soft  in  consistence  and  transparent,  which  by  its  increasing  width 
sepaiutes  the  two  portions  of  the  original  lorica;  in  this  interposed  new 
tiMue  a  constriction  presently  manifests  itself,  and  advancing  in  depth,  the 
two  segments  are  finally  sundered.  It  thus  comes  to  pass  that  each  product 
of  fission  is  one  half  covered  with  a  dense  shield,  and  the  other  half  with  a 
•oft,  yielding  integument.  After  a  while,  more  molecules  make  their  appear- 
ance in  the  latter,  which  gradually  assumes  a  firmness  equal  to  that  of  the 
old  lorica. 

The  VorOcdUna,  including  the  Ophrydina,  do  not  divide  until  they  have 
assumed  a  sort  of  semiquiescent  condition,  by  the  complete  withdrawal  of 
their  dhaiy  apparatus  and  the  contraction  of  tiie  body  generally  into  a  more 
<Hr  less  rounded  or  oval  shape, — in  short,  until  they  have  advanced  one  step 
towards  encysting  themselves. 

Ehrenberg  portrayed  their  fission  as  a  simple  constriction  advancing  frx>m 
before  backwi^  to  separation  of  the  body ;  but  Stein  pointed  out  the  actual 
•ntecedents  of  the  process.  According  to  the  latter  writer,  the  head-porti<m 
and  its  appendages  withdraw ;  the  rotary  organ  is  absorbed,  and  also  the 
<B8ophagU8 ;  at  tiie  same  time  the  contractile  space  vanishes ;  the  body  ex- 
ptnds  m  width,  the  nucleus  outstretches  itself  across  it,  a  constriction  appears 
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on  its  anterior  border,  and,  extending  constantly  in  depth,  at  length  effects  its 
complete  division.  When  the  section  has  reached  the  third  of  the  body,  a 
conical  space  displays  itself  towards  the  anterior  portion  of  each  half  (XXYII. 
3),  lined  by  a  special  membrane,  covered  by  dlia  on  its  posterior  side  or  base, 
which  are  seen  to  vibrate  within  the  cavity.  This  formation  is  the  rudiment 
of  the  future  rotary  organ.  The  apex  of  the  conical  hollow  is  prolonged  by 
a  canal  which  eventually  opens  on  the  sur£Eice,  and  thus  "establLshes  a  con- 
tinuity between  the  lining  membrane  and  the  external  integument.  At  the 
same  time  the  internal  angle  at  the  base  of  the  cone  is  produced  inwards  so 
as  to  form  the  alimentary  tube.  When  these  changes  are  accomplished,  the 
body  is  half  cut  through,  and  the  appearance  is  rather  that  of  two  individual 
animalcules  united  posteriorly,  having  their  dliarj  apparatus  retracted,  and 
the  peristom  contracted  in  a  splinter-like  manner  over  it.  Lastly,  the 
advancing  act  of  scission  divides  the  nucleus  ;  and  the  whole  body  be<M>me8 
resolved  into  two  individuals  seated  upon  the  same  stalk.  From  this  account 
it  follows,  that,  of  the  original  organs  of  the  animalcule,  the  nucleus  is  the 
only  one  divided  between  the  two  resultant  beings  by  the  process  of  fission ; 
all  the  rest  are  formed  anew  out  of  the  homogeneous  substance  of  the  body, 
viz.  the  peristom,  the  rotaiy  organ,  the  alimentaiy  tube,  and  the  contractile 
vesicle.  • 

This  absorption  and  renewal  of  parts  during  fissation  is  denied  by  Lachmaan, 
who  affirms  that  the  movement  of  the  cilia  upon  the  ciliary  apparatus,  and 
in  the  vestibulum  and  oesophagus,  which  are  closed  up  by  the  peristom,  may 
be  observed  during  the  whole  process.  We  have  no  means  of  deciding  which 
of  these  two  statements  is  correct :  yet  we  rather  incline  to  Stein's  account ; 
for  when  we  admit  that  in  fission  there  is  a  separation  of  all  the  organs  and 
appendages  of  the  body  into  two  portions,  one  to  each  resultant  being,  an  aet 
of  structural  development  becomes  necessary  to  reproduce  the  remaining  por- 
tion, so  as  to  perfect  each  new  animal  and  to  assimilate  it  in  characters  to 
the  parent.  This  being  the  case,  the  method  of  development  stated  by  Stein 
is  more  consonant  with  our  views  of  histogeny  than  that  of  Laohmann. 

The  oblique  fission  of  La^enophrys  vaginicola  (XXX.  32,  35,  36)  presents 
several  peculiarities.  The  line  of  section  commences  below  the  penstom  on 
one  side,  and  proceeds  diagonally  across  to  the  opposite,  and  thus  gives  rise  to 
an  anterior  lateral  segment  retaining  all  the  special  organs,  and  a  posterior 
lateral  possessing  nothing  save  its  half  of  the  elongated  divided  nudeus. 
During  the  process,  the  anterior  half  continues  in  the  enjoyment  of  all  its 
functions  and  activity  (XXX.  32),  whirls  its  ciliary  organ,  and  takes  in  food 
by  the  mouth  :  the  food,  however,  does  not  reach  to  the  segment  behind ;  and 
whatever  alimentary  particles  might  be  present  in  this  vanish,  and  its  whole 
contained  substance  becomes  homogeneous  and  granular,  the  half  of  the 
curved  band-like  nucleus  extending  into  it.  When  the  line  of  section  is  fully 
formed,  Stein  remarks  that  the  posterior  lateral  8^;ment  rather  resembles  a 
gemma  than  the  result  of  self-division,  and  proves  how  closely  united  are  the 
two  processes  of  gemmation  and  of  fission. 

When  the  scission  is  nearly  complete,  a  contractile  space  appears,  and, 
either  before  or  behind  this,  a  curved  elongated  cavity,  cUiated  on  one  side 
and  produced  upwards  as  a  tube  ^m  one  angle,  is  formed  (XXX.  35),  out 
of  which  the  rotary  organ  and  peristom  are  developed.  As  tiiere  is  no  room 
for  movement,  the  new  being  lies  motionless  dose  against  the  old  one :  how- 
ever, its  contractile  space  acts  energetically ;  and  the  alimentary  tube,  filled 
with  fluid,  moves  upwards  and  downwards,  and  from  side  to  side  within  it.  At 
length  a  row  of  cilia  appear  around  the  circumference  of  the  body ;  and  now 
two  beings  occupy  one  case,  the  anterior  adhering  by  its  peristom  to  the  narrow 
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orifice  of  the  sheath,  whilst  the  poBterior  Hes  immediately  hehind  it,  fixed  from 
want  of  space,  and  unable  to  free  itself  (XXX.  36).  The  question  that  now 
presents  itself  is,  how  is  the  newly-fonned  animal  to  eeei^  its  prison  and 
to  exercise  its  Tital  endowments  ?  This,  Stein  has  been  able  to  solve  by  ob- 
servation of  another  species  of  LftgenophrySy  vix.  L,  An^puUa,  The  upper  seg- 
ment ceases  to  put  forth  its  ciliary  organs  and  to  take  in  food,  and  shortly 
contracts  itself  and  detaches  its  hold  frt>m  the  opening  of  the  external  sheath, 
developing  simultaneously  a  row  of  cilia  around  its  margin  (XXX.  35).  It 
also  not  unfr^uently  happens  that  the  body  is  divided  from  the  peristom, 
leaving  Uiis  portion  adherent  in  its  natural  position  to  the  orifice  of  the 
sheath,  and  possessed  of  such  remarkable  vitality,  that  it  continues  to  con- 
tract and  dilate,  and  to  implicate  the  orifice  of  the  sheath  itself  in  its  move- 
ments (XXX.  35).  When  the  peristom,  with  a  portion  of  contractile  saroode 
(35  b)  enclosing  at  times  a  contractile  space  within  it,  thus  plugs  the 
only  outlet  from  the  cyst,  the  two  products  of  fission  cannot  gain  their 
Hberty,  and  only  enjoy  the  limited  degree  of  locomotion  allowed  within  their 
narrow  prison-house.  But  where,  as  is  more  common,  the  orifice  is  opened, 
they  sooner  or  later  make  their  way  out,  experiencing,  nevertheless,  some 
difficulty  in  passing  through  the  narrow  outlet. 

A  curious  circumstance  pertains  to  these  fission-products  of  Lagenophryt, 
and  indeed  to  those  of  all  the  Ophrydina  and  VorHcellinay  viz.  they  are  not 
precisely  like  the  parent.  Thus,  the  young  of  Lagenopkrys,  produced  as 
above  described,  exhibit  the  rotary  organ  and  peristom  in  a  contracted  con- 
dition, whilst  a  row  of  dlia  surrounds  the  body  in  a  ring-like  groove  on  the 
abdominal  surfoK^,  and  serves  the  purpose  of  a  locomotive  organ  (XXX.  35, 
36).  On  the  ventral  aspect,  adds  Stein,  the  figure  of  the  anmudcule  recalls 
that  of  Styhnyehia,  between  which  and  the  normal  form  of  VorticelUna  it 
may  be  considered  a  transitional  type. 

Turning  now  to  the  other  members  of  the  VorticeUina  and  Ophrydtna,  we 
see  that  the  history  of  the  fission-products  differs  according  to  their  habits 
and  structural  peculiarities.  In  the  branching  forms  many  of  the  newly- 
formed  beings  proceed  each  to  secrete  from  its  base  a  pedicle,  and  so  continue 
the  dichotomy  of  the  little  arborescent  colony  they  belong  to.  Others,  on 
the  contrary,  detach  themselves  frt>m  the  parent-stem  and  enter  on  a  free  and 
independent  existence.  In  this  case  one  of  the  two  segments  consequent  on 
self-division,  in  order  to  enter  on  its  new  mode  of  Hfe,  undergoes  certain 
modifications  in  structure,  viz.  it  continues  in  a  completely  contracted  state, 
and  a  furrow  appears  about  the  posterior  third  of  the  body,  within  which  a 
ciliary  circlet  develops  as  the  locomotive  organ  of  the  animal  (XXVII.  11). 
This  occurrence  is  general  among  Vorticellct  and  Ophrydina  ;  for  among  the 
former  the  pedicle  never  ramifies,  and  in  the  latter  one  fission -product  must 
quit  tiie  capsule,  which  serves  as  the  nidus  of  only  one  being  at  a  time. 

The  after-history  of  these  locomotive  segments  is  widely  different  in  dif- 
ferent specimens.  Some,  after  swimming  about  for  a  time,  come  to  a  state 
of  rest,  affix  themselves  by  their  posterior  extremity,  and  produce,  according 
to  their  natural  habit,  either  a  stalk  or  a  sheath,  and  resume  all  tiie  charac- 
teristics of  the  parent-stock.  Others,  again,  become  quiescent,  but  instead  of  se- 
creting a  pedide  or  sheath,  proceed  to  encyst  themselves,  either  for  their  own 
preservation  or  preparatory  to  the  fulfilment  of  an  act  of  reproduction.  In- 
deed, the  process  of  encysting  may  overtake  the  animals  whilst  still  seated 
on  their  stalk  or  within  their  case,  and  thus  anticipate  the  formation  of  the 
posterior  ciliary  wreath. 

Lastly,  in  a  few  genera,  fission  seems  only,  or  at  least  mostly,  to  occur 
after  the  animalcules  are  encysted.    Stein  represents  this  to  be  the  case  ge- 
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nerallj  in  Colpoda  Ouetdlulu$,  which  he  never  found  in  process  of  fission 
(XXIX.  38-47).  Indeed,  Ehrenberg  himself  never  saw  self-^vision  of 
this  animalcule,  although  he  has,  on  the  authority  and  ambiguous  observa- 
tions of  some  of  the  old  observers,  described  its  occurrence.  According  to 
Stein's  researches,  encysting  would  not  appear  absolutely  necessary ;  for  he 
witnessed  self-division  in  some  specimens  only  contracted  in  a  spherical  form : 
however,  in  others,  the  more  numerous,  a  cyst  was  thrown  around  the  body 
beforo  that  process  ensued.  According  to  the  general  plan,  the  Ciliated 
Protozoa  divide  into  two  ;  yet  thero  are  some — and  Colpoda  is  one  of  such — 
in  which  the  act  of  fission  is  repeated,  and  4,  8,  and  even  16  segments  and 
upwards  result.  The  products  of  fission  have  a  certain  latitude  of  motion 
within  their  cysts,  and  ultimately  escape  by  rupture.  Another  peculiarity 
about  Colpoda  is,  that  the  segments  resulting  from  fission  secrete  individually 
a  capsule  around  themselves,  and  thus  we  have  encysted  beings  enclosed 
within  a  general  cyst.  Lastly,  each  young  cyst  has  its  own  nucleus  and 
contractile  vesicle  (XXIX.  43). 

The  fission  of  the  animal  when  enc3rsted  appears  to  be  the  rule  in  Cflau- 
coma;  iot  example,  in  O,  scirUiUans;  and  Stein  surmises  that  it  is  this 
occurrence  which  Cohn  witnessed  in  Chilodon  vncin€Uu8,  and  thought  to  be 
two  animalcules  enclosed  within  a  common  cyst,  as  happens  with  OregarincB. 

The  importance  of  fission  as  a  means  of  multiplying  individuals  among  the 
Ciliata  admits  of  numerous  striking  illustrations.  We  may  quote  one  given 
by  Ehrenberg,  by  no  means  an  extraordinary  instance.  He  made  out  that 
a  single  individual  of  Styhnychia  Mytilus  lived  nine  days :  during  the  first 
24  hours  it  divided  into  3 ;  and  during  the  next  space  of  24  hours  each  of 
these  three  had  subdivided  into  two  beings  ;  so  that  by  self-division  alone 
this  animalcule  can  multiply  itself  three  or  fourfold  in  four  and  twenty  hours, 
and  in  the  space  of  ten  days  be  represented  by  a  million  derived  beings  or 
oflBshoots.  Another  instance  may  be  adduced  from  the  same  distinguished 
micrographer.  On  the  14th  of  November,  he  divided  a  Paramecium  AwreUa^ 
l^th  of  a  line  in  length,  into  four  parts,  each  of  which  he  placed  in  a  sepa- 
rate glass.  On  the  17th,  the  glasses  numbered  1  and  4  each  contained  an  iso- 
lated Paramsdwn  swimming  actively  about.  The  pieces  in  Nos.  3  and  2  had 
disappeared.  On  the  18th,  there  was  no  change.  On  the  19th,  each  animal- 
cule presented  a  constriction  across  the  middle  of  the  body*  On  the  20th, 
No.  1  had  propagated  5  individuals  by  transverse  fission,  and  No.  4  eight 
such.  On  the  21st,  no  change  had  taken  place.  On  the  22nd,  No.  1  contained 
6,  and  No.  4, 18  specimens.  On  the  23rd,  the  beings  produced  were  too  nu- 
merous to  be  counted.  From  these  notes  Ehrenberg  calculated,  if  this  process 
continued  in  activity  for  a  month,  268  millions  might  be  produced.  Apart, 
however,  from  these,  which  we  may  term  speculative  considerations,  we  have 
in  Ophrydiwm.  the  clearest  and  most  direct  evidence  of  the  extent  to  whidi 
fission  is  carried  out.  On  the  completion  of  self-division  in  this  animal,  the 
products  remain  together,  connected  by  a  common  gelatinous  mass  at  their 
base  exerted  by  themselves.  By  the  repetition  of  the  process  again  and  again, 
through  a  long  series,  the  Ophrydia  accumulate  in  large  greenish  masses,  or 
polyparies,  at  times  of  the  size  of  the  fist  or  even  of  the  head  of  a  man.  Now, 
by  comparing  the  size  of  the  individual  Ophrydia  (about  j-^th  of  an  inch  in 
length)  with  that  of  the  masses  they  form,  "some  estimate,"  says  Dr.  Car- 
penter (The  Microscope,  p.  487), "  may  be  formed  of  the  number  included  in  the 
latter ;  for  a  cubic  inch  would  contain  nearly  eight  millions  of  them,  if  they  were 
closely  packed ;  and  many  times  that  number  must  exist  in  the  lai^er  masses, 
even  making  allowance  for  the  fisurt  that  the  bodies  of  the  animalcules  are 
aqmrated  from  each  other  by  their  gelatinous  cushion,  and  that  the  masses 
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have  tJieur  ooitnl  portioiui  occupied  only  by  water.  Hence  we  have  in  snch 
dnsteiB  a  diBtinet  proof  of  the  extraordinary  extent  to  which  multiplication 
by  duplicative  subdivifiion  may  proceed  without  the  interposition  of  any  other 
process.  These  animalcules^  however,  free  themselves  at  times  from  their 
gelatinous  bed,  and  have  been  observed  to  undergo  an  '  encysting  process  * 
corresponding  with  that  of  the  VorHceJUna.  It  is  much  to  be  denred  that  mi- 
croscopic observers  should  devote  themselves  systematically  to  the  continuous 
study  of  even  the  commonest  and  best-known  forms  of  these  animalcules, 
since  there  is  not  a  single  one  whose  entire  life-history,  from  one  generative 
act  to  another,  is  known  to  us ;  and  since  it  cannot  be  even  guessed  at,  with- 
out such  knowledge,  what,  among  the  many  dissimilar  forms  that  have  been 
described  by  Prof.  Ehrenberg  and  others,  are  to  be  accounted  as  truly  di- 
stinct species,  and  what  are  mere  phases  in  the  existence  of  others  that  are 
perhaps  very  diflsimilar  to  them  in  aspect,  it  is  obvious  that  no  credit  is 
really  to  be  gained  by  the  discovery  of  any  number  of  apparently  new  species, 
which  shall  be  at  all  comparable  with  that  to  be  acquired  by  the  complete 
and  satisfactory  elucidation  of  the  life-history  of  any  one." 

Gemmawok  (illustrated  by  XXVn.  1-4 ;  XXX.  17,  27, 29,  31,  33, 34).— 
This  is  tiie  next  process  of  multiplication  to  be  considered.  It  has  much 
analogy  with  fission,  but  is  not  nearly  so  widely  dififiised,  being  restricted 
apparently  to  the  families  VortieelUna  and  Ophrydina,  that  is,  to  attached 
species  of  C^liata ;  yet  even  among  these  it  would  seem  not  to  be  general ; 
for  Btein  has  failed  to  observe  it  in  the  genus  Opereularia,  In  it  a  promi- 
nence forms  upon  the  surface,  mostiy  near  the  posterior  extremity,  and  of  the 
same  granular  homogeneous  substance  as  the  rest  of  the  animal :  a  line  of 
constriction  soon  di^tlays  itself,  and  gradually  deepens,  whilst  the  budding 
process  increases  in  size  and  developes  internal  organs  and  external  ap- 
pendages, until,  being  sufficientiy  perfected  for  an  isolated  existence,  it  severs 
itself  from  the  parent  stock.  The  gemmse  or  buds  thus  produced  are  much 
smaller  than  the  parent,  and,  even  when  they  have  acquired  their  largest  di- 
mensions before  separation,  are  less  than  the  new  beings  originating  from 
self-divisi<»i.  In  every  instance  of  fission  the  nucleus  becomes  divided  be- 
tween the  two  s^^ents ;  and  some  authors,  as  we  have  seen,  hold  the  opi- 
nion that  these  share  between  them  a  portion  of  other  pre-existent  organs  of 
the  dividing  animal ;  on  the  other  hand,  in  gen^mation  the  bud  is  a  mere 
offshoot  of  the  general  substance,  containing  no  portion  of  any  pre-existing 
organ — ^not  even,  so  far  as  can  be  seen,  of  the  nucleus ;  and  consequentiy  all 
the  specially-organized  parts  are  developed  mit  de  novo.  If  the  doctrine  of 
internal  germs  he  admitted,  then  it  may  be  imagined  that  each  gemma  origi- 
nates from,  one  of  these,  which  takes  on  this  external  direction  of  development. 

On  the  completion  of  the  gemma,  we  find  that  it  resembles  (except  in  Spi- 
ro(hona  and  Lagenop7iry$)  a  completely-contracted  specimen  of  the  parent 
ai^malcule,  and  possesses,  in  lieu  of  the  usual  ciliated  whorl  on  the  head, 
a  posterior  ciliary  wreath,  whereby,  when  detached,  it  swims  freely  away, 
with  the  posterior  extremity,  however,  in  advance.  It  resembles,  therefore, 
in  all  re^>ects  the  product  of  fission  when  separated  from  its  fellow,  and, 
like  it,  may  either  presentiy  attach  itself,  losing  its  posterior  circlet  of 
cilia,  and  acquire  aU  the  characters  of  its  parent — as  well  as,  in  process 
of  time,  its  dimensions, — or  advance  to  a  completely  encysted  state,  prepara- 
tory to  a  process  of  development,  or  simply  for  tibe  object  of  preservation 
from  untoward  external  conditions.  The  act  of  gemmation  goes  on  alike  in 
small  and  in  lai^  specimens.  Stein  notes  its  occurrence  in  Vorticellce  of  only 
^  '  in  length. 

A  few  iQnstrations  may  render  the  above  account  of  gemmation  more  clear. 
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Speaking  of  this  process  in  Vortieellce,  Stein  (op.  cit,  p.  28)  says,  the  interior 
of  the  knob-like  process  is  quite  homogeneous  at  first  (XXVII.  1) ;  but  when 
it  has  attained  a  hemi^hericcLl  shape,  a  cresoentic  cavity  forms  at  its  anterior 
part,  horn  which  the  peristom,  rotary  organ,  and  alimentary  tube  are  even- 
tually developed  (XXX.  17,  27),  just  as  happens  in  the  result  of  fission. 
Whilst  this  proceeds,  the  swelling  acquires  an  oval  or  globose  figure,  and 
the  width  of  its  attached  base  dwin^es  to  a  constricted  neck  or  isthmus. 
The  addition  of  acetic  acid  proves  that  no  portion  of  the  nucleus  extends  into 
it,  but  that  this  organ  retains  its  normal  curved  reniform  figure.  Stein  here 
adds  the  remark,  that  no  sharp  line  of  distinction  exists  between  self-fission 
and  gemmation — that  the  latter  may  be  looked  upon  as  an  act  of  uneqaal 
division,  in  which  the  whole  organization  has  to  be  created,  and  not,  as  in 
fission,  simply  perpetuated;  or  fission  may  be  described  as  a  variety  of 
gemmation,  one  segment  being  regarded  as  a  bud ;  at  least  this  view  holds 
good  in  the  case  of  transverse  fission.  Longitudinal  fission  consists  in  the 
fbrmation  of  two  gemmae,  which  subsequently  involve  the  entire  being.  So 
also  in  one  sense  gemmation  does  not  always  end  in  the  production  of  a  single 
bud;  for  For<i<^iZaf  with  two  are  common,  and  occasionally  with  three,  one  of 
which  is  ready  for  detachment,  whilst  the  other  or  others  are  very  incomplete. 

In  Spiroehona  (XXX.  17,  27),  which  does  not  multiply  by  fission,  gem- 
mation is  very  frequent ;  and  often  two  buds  are  produced,  one  immediately 
behind  the  other,  the  hindmost  being  first  in  development.  Where  two 
exist,  the  first-formed  usually  appears  on  the  side  of  the  body  at  its  widest 
part;  and  the  second  forms  subsequently  in  front  of  it,  nearer  the  neck.  Re- 
latively to  the  size  of  the  parent,  the  bud  is  usually  of  greater  dim^iaions 
than  in  VorticeUay  and  may,  by  thrusting  aside  the  head  of  the  Spiroehona, 
{dace  itself  in  the  longitudinal  axis  of  the  body.  When  the  gemma  com- 
mences to  contract  its  base  and  to  acquire  the  form  of  an  independent  being, 
an  opaque,  sharply-defined,  homogeneous  speck  makes  its  appearance  about 
its  middle,  or,  rather,  in  front  of  it,  which,  by  further  development,  becomes 
the  nucleus  (XXX.  17),  whilst  a  shallow  groove  displays  itself  at  its  anterior 
truncate  end,  and  somewhat  later  is  transformed  into  a  curved  and  rather 
angular  ciliated  fissure  extending  some  way  down  one  side  of  the  body. 

In  this  so-formed  gemma  of  Spiroehona  there  is,  therefore,  a  wide  depar- 
ture from  the  rule  observed  in  any  of  the  Vorticdlina  and  Ophrydina.  No 
posterior  ciliary  wreath  is  formed ;  and  the  anterior  ciliary  apparatus,  together 
with  the  head  itself,  is  at  first  developed  in  a  temporary  and  rudimentary 
manner.  After  moving  about  for  some  time  by  means  of  the  ciliary  antero- 
lateral channel,  the  free  gemma  fixes  itself  by  its  posterior  extremity,  by  an 
adhesive  substance,  or  occasionally  by  a  short  stem ;  and  then  the  opposite 
sides  of  the  ciliated  furrow  approximate,  and  coalesce  behind,  whilst  in  front 
one  edge  rises  above  the  other  (XXX.  19),  and  soon  forms  a  spirally-con- 
voluted membrane,  which  becomes  clothed  with  cilia  replacing  those  of 
the  old  furrow,  which  are  absorbed  and  disappear  (XXX.  20).  ^fiiis  growth 
into  perfect  Spiroehoncs  does  not  happen  with  all  gemmee ;  for  some  assume  a 
quiescent  condition,  become  encysted,  and,  if  Stein  be  right,  are  ultimately 
converted  into  very  peculiar  Acinetiform  beings — ^the  Dendroeometes  para^ 
dooms  (XXX.  23).  Before  encysting,  the  cilia  cease  to  play,  and  disappear ; 
and  very  soon  the  farrow  itself  closes  up.  When  enclosed  within  the  trans- 
parent but  firm  capsule,  nothing  but  a  finely-granular  homogeneous  substance 
appears,  containing  the  peculiar  nucleus,  which,  however,  requires  the  action 
of  acetic  acid  to  display  it  (XXX.  21). 

The  process  of  gemmation  presents  several  peculiarities  in  the  genus  La- 
ginophrys,  due  mostly  to  the  peculiar  connexion  between  the  enclosed  ani- 
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malcole  and  its  sheath.  The  rale  seems  to  be  that  two  or  four  gemmae  are 
produced  within  the  sheath  at  the  same  time  (XXX.  29,  34) ;  bat  since 
Stein  had  never  encoontered  foor,  and  very  rarely  three,  gemms  apon  anj 
animalcule,  the  idea  crossed  his  mind  that  these  small  buds  of  Lagenophry$ 
might  perhaps  be  embryos  developed  within  the  interior,  and  subsequently 
dischai^ed.  Another  explanation  was  possible,  viz.  that  they  were  animal- 
coles  which  had  found  their  way  into  the  sheath,  and  were  quite  foreign  to 
it.  However,  both  these  hypotheses  are  set  aside  by  the  histoiy  of  deve- 
lopment and  by  the  characters  of  the  beings  produced.  The  process  consists 
in  tiie  enlargement  of  the  posterior  extremity  (XXX.  33),  or  of  a  part  of  the 
side  of  the  LagenophrySy  and  the  progressive  detachment  of  the  enlargement 
as  a  segment  or  bud,  and  simuhaneously  the  production  of  a  band-like  nu- 
deus  and  contractile  vesicle  within  it.  This  stage  being  so  far  complete,  the 
gemma  does  not  proceed  to  develope  into  the  foim  of  the  parent  ammal,  but 
self-fission  takes  place,  and  two  similar  ovoid  bodies,  each  with  its  contractile 
vesicle,  is  the  result  (XXX.  29).  When  the  constriction  of  the  single  gemma 
announces  approaching  fission,  a  circlet  of  cilia  appears  on  each  side  of  it 
(XXX.  34);  and  on  the  completion  of  the  process,  each  segment  has  a  conical 
head  surrounded  with  a  wreath  of  cilia. 

From  this  mode  of  production  in  pairs,  the  number  of  gemmsB  within  the 
sheath  of  Lagenophrtfi  shoiild  always  be  two  or  a  multiple  of  two ;  hence, 
when  three  are  seen,  it  is  to  be  presumed  that  one  has  previously  made  its 
escape.  Prom  the  peculiar  way  in  which  the  body  of  the  Lagenophrt/s  is  sus- 
pended by  its  attached  peristom  to  the  orifice  of  the  sheath,  it  is  clearly  im- 
possible that  anything  can  directly  either  make  its  entrance  into  or  its  escape 
from  the  animal,  without  rupture,  of  which  we  have  no  indication.  The  way 
in  which  this  impediment  is  surmounted  is,  on  Stein's  authority,  by  the  sudden 
contraction  of  the  body  of  the  Lagenophrys-  rupturing  the  adhesion  of  the 
peristom  to  the  orifice  of  the  sheath,  and  by  its  subsequent  retraction  within 
it  (XXX.  31).  In  this  manner  a  free  exit  is  afforded  to  any  contained 
gemmsB ;  and  after  a  certain  time  allowed  for  their  passage,  the  anterior  part 
of  i^e  body  again  enlarges  itself,  and  reassumes  its  adhesion  to  the  sheath. 
After  their  exit,  Btein  has  no  observations  to  show  what  becomes  of  them ; 
but  his  idea  seems  to  be  that  they  do  not  produce  a  sheath  until  nearly 
arrived  at  maturity,  since  they  are  so  much  smaller  than  the  least  of  the 
sheathed  examples  to  be  met  with. 

If  this  account  be  correct,  the  gemmation  of  Lagenophrys  is  actually  a 
compound  process  of  budding  and  fission,  whilst  the  resultcoit  beings  differ 
widely  from  those  of  other  VortieeUina  in  all  details,  and  are  so  very  aberrant 
in  form  from  the  parent,  that  they  require  to  undergo  a  metamorphosis  before 
Uiey  gain  it. 

DisvELOPicEirr  fbom  Ova.  Intebnal  Qebms  and  Eicbbtos. — ^Although  the 
reproduction  of  the  Ciliated  Protozoa  is  so  lai^gely  provided  for  by  the  two 
processes  of  fission  and  gemmation  as  just  described,  it  is  even  more 
marvellously  so  by  thdr  possession  of  true  generative  functions — a  fact 
clearly  established  by  the  latest  observers,  although  denied  by  Siebold, 
EdlHker,  and  others  some  years  since,  when  the  unicellular  hypothesis 
of  Protozoic  life  militated  against  the  notion  of  the  existence  of  internal 
ova  or  germs.  Even  now,  indeed,  when  we  look  to  the  researches  disclosing 
to  us  the  development  and  discharge  of  germs  and  of  living  embryos,  we  find 
diverse  and  contradictory  statements  concerning  both  the  antecedent  or  pre- 
paratory acts,  and  the  final  results.  We  cannot  attempt  to  reconcile  these 
discrepancieB,  but  will  record  the  principal  opinions  of  naturalists  and  the 
observations  on  which  they  are  based. 

2  a 
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In  a  preyions  page  we  have  stated  the  views  of  Carter  and  Perty,  rdative 
to  the  ezistenoe  of  ova  or  germs  in  the  interior  of  Ciliated  Protozoa,  and 
have  rejected  them  as  unsatisfactoiy.  Further,  when  we  come  to  inquire 
the  process  of  development  of  the  presumed  ovules,  their  mode  of  exdnsion, 
and  other  particulars  necessary  to  complete  their  history  and  even  their 
identification,  we  find  that  those  naturalists  have  no  direct  ohservations  to 
adduce,  but  can  appeal  only  to  analogy  and  to  some  casual  and  unconfinned 
observations  of  others.  For  instance,  Mr.  Carter,  when  treating  of  the  develop- 
ment of  ovules,  appeals  to  the  process  in  SpongiUa  and  Euglypha,  and  endea- 
vours to  make  out  tiiat,with  some  modifications,  the  ovules  oiEugUvue,  and  pro- 
bably those  of  all  the  Rhizopods  and  Astasias,  have  a  similar  mode  of  generation. 

Perty,  likewise,  unable  to  advance  any  direct  proof  of  the  existence 
of  ovules  and  of  their  discharge,  appeals  to  Eckhard's  observations  on  Stentor 
ccsruUus,  which  Oscar  Schmidt  repeated  and  generally  confirmed.  In  the 
recorded  observation  of  Eckhard  (A.  N,  H,  xviii.  1846),  three  or  four 
globules,  in  different  stages  of  development  occurred  in  the  interior  of  the 
Stentor  in  a  row  (XXIX.  8-13) : — '*  In  the  first  stage,  the  contents  of  the 
globules,  consisting  of  minute  granules,  exist  most  imperfectly  developed  ; 
but  few  granules  at  present  occur,  and  the  globule,  when  it  lies  in  the 
body,  is  not  very  distinct,  on  account  of  the  granular  parenchyma  of  the  lat- 
ter. In  the  second  stage  of  development  (^.  9)  the  granules  appear  more 
numerous,  the  contents  are  therefore  more  concentrated,  and  the  globules 
can  then  be  very  distinctly  observed  in  the  body.  Fig.  11  shows  the  third 
stage ;  granules  commence  arranging  themselves  in  a  row Or,  as  some- 
times happens,  they  appear  grouped  in  the  same  manner  at  two  spots.  The 
granules  thus  arranged  and  dosely  pressed  together,  blend  into  a  glandular 
but  dear  organ  (fig.  12),  in  which  the  granular  structure  cannot  be  any  longer 
detected ;  frequently  it  is  also  divided  in  two  parts.  Lastly,  in  the  situation 
of  the  transparent  glandular  oigan  a  row  of  cilia  appears,  evidently  the  mouth 
(fig.  13).  Whether  tlds  oigan  is  formed  immediatdy  from  the  former,  I 
have  not  been  able  to  ascertain  with  certainty ;  yet  that  it  is  so,  is  extremdy 
probable,  since  on  the  one  hand  the  row  of  colia  occurs  in  the  situation  of  the 
bright  gland,  whilst,  on  the  other  hand,  in  all  the  germs  which  exhibit  this, 
the  former  organ  is  absent.  Simultaneoudy  with  the  devdopment  of  the 
mouth  there  appear  one  or  two  dear  vesicles  (fig.  13).  On  the  18th  of 
May  I  observed  in  the  interior  of  St.  cceruleus  a  germ  as  in  fig.  12 ;  I  saw 
the  cilia  very  distinctly  in  motion ;  the  vesicles  were,  however,  still  absent, 
and  they  did  not  escape  on  this  occasion.  On  the  21  st,  I  saw  the  perfect 
form  (fig.  13),  which  issued  out,  whilst  the  parent  animal  swam  away.  I 
now  attentively  observed  the  young  one  to  follow  up  its  further  changes, 
perhaps  the  bursting  of  the  carapace ;  but  I  was  obliged  to  leave  ofi^  watching 
it  in  half  an  hour,  as  I  could  not  vouch  for  the  accuracy  of  farther  observa- 
tion on  account  of  the  strain  upon  my  eyes.  On  the  4th  of  June  I  saw  a 
germ  escape,  as  in  fig.  13 :  it  differed  from  that  observed  on  the  21st  of 
May ;  for,  being  at  first  round,  it  at  once  exhibited  an  incurvation  at  its  lower 
extremity — an  appearance  frequently  observed  in  young  8tentors,  sometimes 
in  old  ones,  when  they  contract  fi^m  the  dongi^ted  form  to  one  more  or 
less  rounded.  I  have  subsequently  once  seen  the  escape  of  a  similar  germ ; 
and  it  appears  to  me  that  the  true  point  of  maturity  is  that  at  which  veeidee 
begin  to  be  visible.  In  Stentor  poh/morphus  I  have  observed  two  such 
globules,  but  I  have  not  succeeded  in  seeing  any  perfectly  formed  escape.  In 
autumn  I  have  often  sought  for  the  recurrence  of  this  phenomenon,  but  have 
never  been  able  to  observe  it  so  perfectly  as  in  the  spring,  although  similar 
globules  are  not  rare  in  the  later  parts  of  the  year.'' 
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From  the  peruaal  of  this  aoeount,  the  thought  aiises,  whether^  instead 
of  proTing  the  existence  and  progressiye  development  of  internal  ovules  or 
gonns  in  the  sense  Perty  adopts,  it  is  not  another  illustration  of  embryo-de- 
velopment by  a  sort  of  gemmation  or  breaking  up  of  the  nucleus,  such  as  the 
researohes  of  O^in,  Stem,  Tiachinann  and  others  have  made  known  to  us,  and 
oonoeming  which  we  have  now  to  speak  ($ee  Balbiani's  researches,  p.  329). 

The  developmrait  of  the  nucleus  into  embiyos  takes  place  under  different 
ciieiimstances  and  in  a  varied  manner  in  different  genera  of  Ciliated  Protozoa. 
It  may  occur  either  without  the  previous  encystiDg  of  the  animalcule,  or  after 
this  prooeae  is  completed.  Again,  in  the  latter  condition,  and  without  ulterior 
change  or  metamoix^osis,  either  a  few  active  embryos,  or  some  encysted 
germs,  may  be  the  result,  or  the  whole  nucleus  may  resolve  itself  into  a 
brood  oi  monadiform  beings,  or,  lastly,  according  to  the  views  of  8tein,  the 
encysted  animal  may  be  metamorphosed  into  an  Adnetiform  being,  out 
of  which  embiyos  are  developed  diveiging  in  character  more  or  less  com- 
pletely from  the  original  ciliated  Protosoon,  to  which,  however,  they  eventually 
recur.  The  development  of  embryos  without  the  previous  encysting  of  the 
animalcule  has  been  followed  out  by  Focke,  Cohn,  and  Stein  in  Nassula  and  in 
PdrwmeeiuM  (Loaodea,  Cohn)  Buraaria  (XXYIII.  10-14,  XXTX  28  to  34). 
A  portion  of  the  nucleus  is  separated  by  fission  or  by  an  act  of  gemmation, 
and  constitates  a  more  or  less  orbicular  body,  in  which  a  nucleus  (XXIX.  34), 
and  then  a  ccmtractile  vesicle,  shortly  declare  themselves  (XXIX.  29). 
Fodice  surmised  that  the  so-called  nucleolus  originated  this  germ,  which  then 
found,  as  it  were,  a  lodgment  and  nutrition  in  fiie  nucleus  as  in  a  uterus  (see 
Balhiani,  p.  329) ;  but  Stein  affirms  that  this  body  has  nothing  to  do  with  the 
origin  of  Uie  germ,  and  is  frequently  to  be  seen  separated  and  removed  to  some 
dirtaacefrom  the  nucleus  (XXIX.  29).  In  appearance  the  disk-like  germ  is 
finely  granular,  paler  than  the  nucleus,  and  not  surrounded,  like  the  latter, 
with  a  special  membrane.  Cohn  represents  it  as  existing  in  a  distinctly 
limited  cavity,  prolonged  to  the  external  surfsuse  as  a  tube  or  oviduct,  and 
terminated  by  a  two-lipped  orifice,  through  which  the  embryo  makes  its  exit 
(XXYHL  11, 12).  According  to  Stein,  however,  no  such  duct  and  external 
Qiifiee  have  an  existence,  except  temporarily,  during  the  passage  of  the  germ, 
<ff  germs  when  two  or  more  follow  in  succession.  This  assertion  of  Stein 
is  supported  by  Cohn's  own  observation,  that  the  point  of  extrusion  varied 
in  different  individuals  in  its  position,  being  at  one  time  at  the  middle, 
at  another  above  it,  at  a  third  below  it,  and,  as  the  rule,  on  the  left  side, 
although  as  an  exception  on  the  right  side  or  even  towards  the  anterior 
margin.  The  act  of  birth  occupies  about  twenty  minutes ;  and  when  the 
enH^jo  is  about  to  escape,  it  exhibits  a  vibration  on  its  surface,  which  causes 
a  motioii  in  the  surrounding  water  and  hastens  its  detachment.  This  motion, 
after  continuing  a  short  time,  ceases,  and  the  little  being  attaches  itself  to  the 
exterior  of  the  parent  (XXIX.  30).  The  chasm  produced  in  the  parent 
dozing  the  extrusion  soon  closes  up,  and  leaves  no  trace,  except,  it  may  be,  a 
ah^t  hollow  in  the  surface.  The  embryo  has  an  ebngated  fissure,  is  rounded 
at  each  end  (XXIX.  30),  and  frequently  rather  contracted  at  its  middle ; 
internally  it  is  finely  granular  and  colourless — ^not  greenish,  as  Focke  asserted — 
and  contains,  besides  a  darker  nucleus,  one  or  two  contractile  spaces  (XXYIII. 
14).  Cohn  could  discover  no  moutJi ;  but  Stein  displays  in  his  figure  an 
oU^ue  fold  or  groove  (XXIX.  30),  which  may  possibly  represent  the  oblique 
ftmnel-Uke  veetibde  of  the  mature  Paramedum.  The  vibratile  movement 
riaible  about  the  surfeuse  indicates  dliary  action;  and  if  the  embryo  be  killed 
with  iodine,  the  presence  of  l<mg  dUa  ia  demonstrated.  Still  the  most 
peooHar  featoe  in  the  new-bom  animalcule  is  the  possession  of  several  soft 
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tentacular  prooessefl  at  each  end,  surrtninded  by  nnall  knobe,  recalling  in 
figure  the  knobbed  tentadee  of  some  Adnetina  (XXYIII.  14,  XXTT.  30) ; 
by  means  of  these  the  embryo  secures  its  hold  to  its  parent.  Badi  pro- 
cesses are  not  present  in  all  specimens,  and  are  therefore  non-essential ;  or 
it  may  be  they  have  disappeared  by  withdrawal  into  the  general  sobetance 
of  the  body. 

The  embryo  once  fireed  from  its  parent,  commences  an  independent  eziatenee, 
moving  freely  about  in  the  water — ^mnch  more  similar  in  figure  and  strncture, 
however,  to  some  of  Ehrenberg's  GycUdvna  or  to  Dujardin's  En^Mlyens  than 
to  Farameeium.  Cohn  notes  its  affinity  with  the  CycUdium  margaritacetimy 
GT  to  the  Pantotrichum  Enckdys  (Ehr.),  and  also  with  several  species  of 
I>ujardin's  genus  Enehelys  {Cydidivm  Ehr.). 

Cohn  adds  that,  in  his  opinion,  several  embryos  are  developed  simultaneoiialy, 
and  that,  where  only  one  or  two  are  found,  others  have  already  escaped.  !bi 
some  instances  he  has  noticed  as  many  as  six  or  eight  in  process  of  develop- 
ment, and,  it  would  seem,  in  almost  precisely  the  same  stage,  although  their 
birth  is  successive.  Further,  besides  these  normal  embiyos,  he  has  fre- 
quently witnessed  the  escape  of  others  having  a  globular  figure,  clothed  with 
dlia  and  fdmished  with  tentacular  processes  and  a  contractile  veside. 

During  the  act  of  birth,  the  pidsations  of  the  contractile  space  (^  the 
parent  are  uninterrupted,  and  the  rotation  of  the  contents  is  arrested  nntQ 
eveiy  germ  has  escaped.  Another  curious  &ct  is,  that  the  birth  <^  embiyos 
may  proceed  as  usual  even  whilst  the  act  of  fission  is  taking  place  ia  tiie 
parent  animal. 

The  further  history  of  the  free  embiyo  is  not  known ;  jet,  in  aU  pro- 
bability, it  is  ultimately  transformed  into  a  perfect  Parameei/wn, — an  event 
which,  from  its  figure  and  structure,  ensues  r^idily  and  peihaps  without  more 
than  one  intermediate  phase. 

Judging  from  the  above  details,  it  is  probable,  as  before  remarked,  that  the 
development  of  embryos  in  Stentor  coeruUus  (XXIX.  8)  recorded  by  Eckhard 
{mprcLy  p.  354)  was  a  precisely  similar  phenomenon  to  that  just  described  in 
ParamediMn ;  and  it  is  clear  that  the  like  obtains  in  Stentor  polymarphuty  in 
an  Opalina  or  Bwrsaria  noticed  by  Siebold  (probably  the  Bursaria  EnUao(m 
Ehr.,  parasitic  in  a  frog),  in  Urostyla  grandis,  as  mentioned  by  Cohn,  and  in  the 
animalcule  which  we  conceived  to  be  Trlehodina  pediculus  (A.  N,  H,  1849, 
iii.  p.  269). 

Bince  this  was  written,  the  inde&tigable  labours  of  Cohn  have  added 
another  instance  of  this  endogenous  mode  of  development,  in  Nasnia 
eUgans  (Zeitsekr.  1857,  p.  143 ;  XXYUI.  11-14).  This  animalcule  possesses 
an  elliptic  nucleus,  having  its  nucleolus  lodged  in  a  fossa  near  one  raid,  and 
surrounded  by  a  vesicle,  just  as  in  the  Paramecium  Bwrsaria,  Among 
many  specimens,  Cohn  found  several  having  a  large,  elliptic,  hollow  space, 
evidently  limited  by  a  membranous  wall.  Where  this  space  approached 
nearest  the  external  surface  of  the  animalcule,  this  was  depressed  in  a  cop- 
like  form,  and  from  its  centre  a  canal  or  fissure  (XXYIII.  11  /)  penetrated 
the  interior  of  the  space,  where  were  two,  never  moro,  laige  ^obules,  j^'" 
in  diameter  (XXYIII.  lid).  After  a  longer  or  shorter  delay,  these  ^<Hral6e 
escaped  and  appeared  motionless,  without  colour,  but  granular,  and  having  a 
central  nucleus  and  an  excentric  contractile  vesicle.  As  in  the  instance  of  the 
germs  of  Paramecium  Bursaria,  no  cilia,  but  a  few  short,  knobbed,  radiating, 
tentacular-looking  processes  (XXYIII.  14),  were  visible  on  the  sur&ce.  Lastly, 
Cohn  noticed  the  formation  of  these  germs  in  animalcules  recently  produced 
by  s^-fission,  and  which  had  attained  only  one-half  their  normal  dimensiiNis. 

The  development  of  an  embryo  within  an  encysted  animalcule  is  illustrated 
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in  Stein's  history  of  CfhUodan  CuduUulus  (op,  eit.  p.  134).  At  a  preceding  page 
(p.  342)  we  have  giyen  an  abstract  of  the  mode  of  encysting  of  this  animal,  and 
have  stated  that  the  capsule  remaiss  gelatinous  and  soft.  Inside  the  cyst. 
Stein  discovered  an  actively-moving  embryo  contained  mthin  a  special  cavity 
(XXIX.  54-66),  occupying  precisely  the  spot  where  in  other  encysted  ChUo- 
don$  the  nucleus  is  found,  viz.  in  the  diagonal  line  connecting  the  two  oppo- 
site oontractile  spaces.  The  embryo  had  an  oval  or  ovate  compressed  figure, 
with  one  side  stndg^t  or  gently  curved,  and  the  anterior  extremity  notdied. 
Ita  entire  surface  was  covered  with  longitudinal,  widely-separated  rows  of 
uniisnially  long  cilia,  in  incessant  motion,  which  turned  it  in  a  spiral  or  vermi- 
cnlar  manner.  Pressure  on  the  cyst  caused  its  expulsion  (XXIX.  59),  either 
alone  or  together  with  the  substance  of  the  parent-cyst,  to  which  it  always 
remained  adherent.  This  embiyo.  Stein  concludes,  is  derived  from  the  nucleus. 
Many  cysts  may  be  met  with  in  which  the  nucleus  is  replaced  by  a  much 
larger  body,  having  a  different  consistence,  opaque  and  motionless,  and 
possessing  in  all  respects  the  outline  of  a  germ.  On  pressing  it  out  of  its 
place,  its  surfiace  is  seen  to  be  not  quite  nc^ed,  but  to  have  ^ort,  stiff,  and 
imperfeetiy-developed  cilia  at  one  end  or  entirely  around  its  margin. 

Since  the  embryo  occupies  the  site  of  the  nucleus,  it  might  at  first  sight 
be  supposed  that  the  latter  was  wholly  transformed  into  it;  but  analogy 
leads  us  to  the  contrary  inference,  that  the  nucleus,  although  obscured  from 
view  by  the  internal  germ,  is  nevertheless  present ;  aud  this  conclusion  is 
farther  supported  by  the  fiEU^t,  that  a  successive  development  of  embryos  goes 
<m  until  the  entire  contents  of  the  cyst  are  used  up  in  their  formation,  an 
event  that  does  not  oecur  without  the  influence  of  a  nudeus. 

Stein  declares  the  embryo  (XXIX.  59)  to  be  precisely  similar  to  Cyclidium 
Olaweomaf  both  in  figure  and  movements.  Its  size  varies  with  that  of  the 
animalcule  producing  it;  and  individuals  of  all  sizes  may  undergo  the 
encysting  process.  The  smallest  cysts  met  with  were  J^'"  in  length,  and 
their  embiyo  not  more  than  -A^'" ;  the  largest  Jg'",  and  their  embryo  from 
^"' to  X'"  (XXIX.  56). 

A  remarkable  dreumstance  happens  in  the  case  of  some  encysted  Okilodonf, 
even  after  they  have  given  birth  to  one  or  more  embryos, — ^viz.  that  they 
seem  to  emeige  from  ti^eir  quiescent  state  and  resume  their  active  form.  For 
instance.  Stein  met  with  cysts  containing  a  freely-moving  Chihdan,  together 
with  an  active  embiyo,  both  which  iiltimately  escaped  by  an  aperture  in 
thetr  walls  (XXIX.  58).  This  revivification  of  the  ciliated  Chilodon  as  above 
referred  to,  is  urged  by  Stein  as  an  argument  to  prove  that  the  cilia  are  not 
lost  at  destroyed  when  enc3rsting  takes  place,  but  probably  merely  closely 
compressed  ag^dnst  the  surface. 

Another  variety  of  development  of  germs  within  an  enc3^ted  animalcule 
is  seen  in  Cfolpoda  Oueuaus  (XXIX.  35-47),  which  we  have  described  under 
the  head  of  '<  fission,"  since  the  formation  of  the  germs  is  the  consequence 
of  self-diviBon  of  the  whole  animal  either  into  two  or,  as  a  rule,  into  four 
8eg:ments,  which  themselves  become  individually  encysted,  and  present  their 
own  nudeus  and  oontractile  space.  This  plan  of  development  explains  the 
oecDrreoee  of  very  small  enc^fsted  Colpoda. 

It  was  in  this  genus  that  Ehrenberg  conceived  he  had  made  out  veiy 
clearly  the  hermaphroditism  and  cyclical  development  of  '^  Polygastrica." 

A  third  way  in  which  the  encysting  of  an  animalcule  is  made  to  serve  the 
process  of  devdopment  is  by  the  resolution  of  the  nucleus  into  a  multitude 
of  minute  segments,  each,  eventually  assuming  an  independent  animal  ex- 
isteDce.  T\db  formation  of  what  may  be  called  ftrooc^-cysts,  occurs,  as 
shown  by  Stein's  later  researches,  in  VorticeOa  mioroOama  (XXIII.  10-14). 
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Among  cysts  of  tke  usual  form  and  dimensions,  are  some  in  wfaidi  a  sao,  not 
nnifoimly  adherent  to  the  inner  sorfEu^e  of  ihe  capsule,  contains  from  two  to 
^ght,  or,  more  genendly,  from  four  to  six,  oval  or  renif<xrm  secondaiy  saes, 
irregular  both  in  position  and  mie  (XXIII.  10, 11),  and  containing  a  dull  and 
fine  or  coarse  granular  matter,  within  which,  again,  is  a  dear  (contraetOa  ?) 
space,  but  no  nucleus  is  discoverable  even  when  acetic  acid  is  added.  Pre- 
sently these  Tesides  dongate,  and,  becoming  flask-shaped,  protrude  ihear 
necks  ihrough  the  endosing  sac  and  the  cyst-wall  (XXUI.  12,  13),  and 
proceed  to  ducharge  their  contents  (XXTTT.  14)  through  their  open  eztaremi- 
ties ;  affcer  which,  they  corrugate  and  wither.  The  disdunged  matter  is 
composed  of  a  mass  of  mona^orm  corpusdes  united  t<^ther  in  a  globose 
gelatinous  mass,  the  whole  of  the  organic  matter  filling  the  cyst  bdng  used  up. 

A  precisdy  similar  act  of  propagation  Stein  also  witnessed  in  an  encysted 
VorHeeUa  nebulifera,  Gienkowslp^  (Zdtschr.  Band  yi.  p.  381)  also  reports 
its  occurrence  in  Nasmla  viricUs,  Duj.  (XXYIU.  65-71);  acooiding  to  this 
author's  researches,  the  contents  of  the  cysts  of  Nasmla  viridis  break  up 
into  a  number  of  globular  cells  (XX  V  ill.  68-70),  which  soon  partake  id  a 
certain  d^^ree  of  rotating  movement  among  themsdves,  devdope  in  their 
interior  a  multitude  of  what  he  terms  swaim-spores,  and  at  a  certain  period, 
when  mature,  severally  produce,  in  turn,  a  tapering  neck-like  tubular  process 
(XXYin.  68,  69),  which  perforates  the  softened  cyst-wall  and  gives  ent 
to  the  spores  or  germs  (XXYIII.  71).  This  account  talhes  with  Umt  given 
by  Stein  of  certain  Fbrftc^'a-cysts.  Lachmann  has  the  following  remaiks 
on  this  topic  (-4.  N,  H,  1867,  xix.  p.  238): — "  It  was  only  in  his  most  recent 
observations  on  Vorticdla  microstoma,  that  Stein  saw  the  production  of  larger 
globules,  *  daughter- vesides'  (Toehterblasm),  in  the  interior  of  the  motl^- 
veeicle ;  but  previoudy  he  had  seen  nothing  of  the  kind :  it  must  remain 
uncertain  whether  he  had  overlooked  them,  whether,  instead  of  severd 
globules,  only  one  veiy  laige  one,  entirely  filling  the  mother- vedde,  had 
been  produced,  or  whether  two  different  modes  of  devdopment  actually 
occur  in  this  case.  This  is  the  only  mode  of  reproduction  of  the  Infuscnia 
which  has  hitherto  been  observed  in  encysted  animals  alone ;  but  some  ob- 
servations made  by  E.  ClaparMe  and  myself  upon  an  undesoibed  vagini- 
colons  Infrisorium,  indicate  that  encystaticm  is  not  a  necessary  oon^tioo 
even  for  this  mode  of  propagation." 

The  last  plan  of  generative  devdopment  to  be  considered  is  that  wherein, 
according  to  Stein's  hypothesis,  the  encysted  animalcule  undergoes  an  actod 
metamorphosis,  and  subsequently,  as  a  rule,  produces  an  embryo  which, 
although  very  dissimilar  to  the  origind  cihated  animdcule,  is  neverthdess 
presumed  to  be  convertible  into  it  after  passing  through  one  or  more  trans- 
itoiy  phases  of  existence. 

This  cyde  of  life,  or,  according  to  Steenstrup's  hypothesis,  this  ^*  alterna- 
tion of  generation,"  in  the  generative  acts  of  ciliated  Protozoa,  Stdn  has 
most  diligently  sought  to  establish  as  a  fact,  but,  in  the  opinion  of  most  of 
the  best  naturalists,  has  fedled  so  to  do.  Still  the  hypothesis  is  too  cnrioos 
and  interesting  to  be  omitted  frt)m  our  description,  and,  what  is  more,  has 
been  adopted  as  true  by  severd  observers.  It  will  therefore  be  best,  first 
to  set  forth  Stein's  own  account,  and  then  to  add  the  remarks  and  objections 
of  others. 

On  some  of  the  branching  stems  of  EpiOyHB  pUoatiUi,  and  of  B,  nwians. 
Stein  encountered  not  only  the  ordinary  animdcule  in  full  activity  and  in  a 
contracted  state,  but  also  some  pearHshaped  bodies,  presenting  merdy  tke 
ordinary  nudeus  and  a  contractile  space,  without  mouth  or  any  remnants  of 
the  alimentary  tube  or  of  food.       On  other  brandies,  again,  were  other 
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bodies  haying  the  figure  of  Adnetce,  fdmiahed  with  tentaclee  slightly  move- 
able  and  more  or  less  retradile  (XXYII.  17,  18,  19,  20).  These  Adneti- 
Ibnn  beings  were  noticed  and  figured  by  our  countiyman  Baker  a  c^itory  ago ; 
they,  moreover,  did  not  escape  the  observation  of  Ehrenberg,  in  the  allied 
geans  Opereulariaf  but  were  r^arded  by  him  as  parasitic  animalcules. 

On  another  occasion.  Stein  met  with  a  stem  of  Epi$tyli»  plicatiUs  bearing 
some  thirty  AdnetcB,  d^ering  among  themselves  very  much,  both  in  size  and 
in  their  stage  of  development.  Each  was  supported  on  a  branch  presenting 
the  characteristics  of  this  species,  but  smaller  in  dimensions,  and  tapering 
fnm  the  base  of  the  Adnetiform  body  (where  it  had  the  usual  thickness  of 
an  £Jn<ty2is-stalk)  to  its  junction  witiii  the  stem  below.  The  length  of  the 
branches  also  varied  greatly,  being  in  some  instances  not  quite  so  much  as  that 
of  the  body  they  supported,  in  others  twice  as  long ;  however,  there  was  no 
proporticii  between  ilie  length  of  the  stem  and  the  size  of  the  body.  Most 
id  itud  AdnetcB  had  a  smooth  surfitce  and  no  tentacula ;  they  were  of  a  pyri- 
form  compressed  figure,  and  contained  a  coarsely  granular  and  homogeneous 
eobstanoe,  two  or  three  irregularly-placed  contractile  spaces,  and  a  central 
nudens  having  either  the  normal  horse-shoe-  or  an  elongated  oval  shape. 
Where  the  Aeinetcg  had  tentacles,  these  processes  were  few  and  small,  and  &e 
sur&oe  of  the  body  thrown  into  irregularities  by  its  contractions ;  their  nuclei 
wne  either  round  or  oval.  These  Acm^cB  exhibited  no  movements,  except 
some  slight  ones  afiecting  the  tentacula.  Were  their  anterior  extremity  un- 
folded and  their  tentacles  outspread,  they  would  assume  the  figure  presented 
by  those  described  in  the  first  observations  on  this  species,  whilst  tiie  closed 
pyriform  bodies  were  precisely  alike. 

The  further  developmental  histoiy  of  this  particular  E^istylts  could  not  be 
followed  out,  and  to  arrive  at  the  purpose  of  its  ^cin^to-metamorphosis,  the 
research  was  extended  to  other  species.  A  particular  form  of  Adneta  occurs 
in  company  with  ^fnityUs  digitalU,  which  Stein  concluded  to  be  derived  from 
it  by  a  similar  i^ocess  to  that  presumed  in  E.  pUcatilis,  although  the  Adneta 
were  isolated  and  seated  on  i^ort  pedicles.  At  the  anterior  part  of  each 
AcmetOj  andd  the  large  granules  crowding  the  homogeneous  contents,  were  a 
contractile  space  and,  in  many  specimens,  a  moving  embryo  having  a  cylin- 
drical figure,  rounded  at  each  end  and  narrower  in  tiie  middle,  where  several 
zones  of  long  cilia,  in  apparent  folds  of  the  surface,  surrounded  it.  In  ge- 
neral characters  it  would,  as  an  independent  oi^anism,  be  referable  to  the 
genns  Triehodinay  and  is  probably  no  other  than  the  T,  vorax  or  T,  gran" 
dimettay  Ehrenberg.  The  embryo  escaped  through  a  temporary  opening, 
which  cloeed  very  speedily  afterwards,  leaving  the  animal  apparently  unin- 
jured ;  moreover  the  tentacles,  which  are  retracted  during  tiie  birtii,  were 
again  outstretched.  The  condusion  arrived  at  is,  that  the  Acineta-condiiioii 
tB  ^Mcaally  provided  to  carry  out  embryonic  development,  and  that  in  so  doing 
the  Aemeki  gradually  exhausts  itself. 

Stein's  first  impression  was,  that  the  embryo  resulted  from  the  develop- 
ment of  the  entire  nucleus,  and  that  this  organ  was  formed  anew  from  l^e 
general  oontents  of  the  Acineta ;  however,  later  researches  lead  him  to  be- 
lieve that  only  a  portion  of  the  nucleus  iB  concerned  in  building  up  the  em- 
bryo. No  particular  season  seems  devoted  to  this  JLctn^to-formation,  since 
Stein  has  observed  it  firom  the  middle  of  March  through  the  whole  sum- 
mer, and  in  fewer  instances  nntil  December ;  moreover,  embryonic  gene- 
ration is  not  restricted  to  any  particular  size  of  Aeineta,  but  occurs  in  all 
except  the  very  smallest ;  nevertheless  the  embryo  is  smaller  pr<nK>rtionablv 
to  the  decreasing  size.  Active  embryos  were  seen  in  Adnetof  of  only  -J^" , 
the  genn  itself  being  <mly  f^jf"'* 


Digitized  by  VjOOQ IC 


360  6JBKSRAL  HiaXO&T  OF  IHB  IKFUflOBIA. 

Besides  the  cysts  and  Adnetas  sapported  on  branching  EpistyUs-etems, 
Stein  found  others  attached  separately  by  very  short  stalks,  or  nearly  sessile ; 
these,  his  observations  go  to  show,  are  probably  derivable  from  the  beings 
produced  by  fission  or  gemmation,  which  have  detached  themselves  from  the 
parent-stem  in  the  strongly-contracted  of  partially-encysted  condition,  and, 
on  afterwards  filing  themselves,  proceeded  either  to  complete  their  encysted 
state  or  to  assume  the  Acinetiform  condition. 

Another  set  of  beings  Stein  is  disposed  to  introduce  in  the  developmental 
history  of  EpistyUa  digitalis,  in  the  shape  of  miniature  branching  VorticeUina. 
The  branches  are  dichotomously  disposed,  very  slender,  short,  and  rigid. 
Seated  at  the  extremity  of  each  is  a  small  campanulate  being,  with  a  stiff 
bristle  proceeding  from  each  angle  of  the  base  (XXYII.  22,  ^).  Intemally 
they  are  finely  granular.  They  exhibit  slight  dianges  of  outline  and  jerking 
movements  upon  their  stalks ;  they,  moreover,  can  detach  themselves  and 
swim  freely  away  Hke  a  detached  ^nstylis  digitalis,  and  may  sometimes  be 
seen  to  affix  themselves  again  by  their  base  and  produce  a  pedicle.  These 
beings,  whether  derived  from  E.  digitalis  or  from  Carchesium  pygmasvm — 
for  tiiey  occur  in  company  with  both  these  animalcules, — ^their  discoverer 
would  r^ard  ad  their  earliest  phase  of  development,  and  believes  that  not 
improbably  similar  miniature  beings  belong  to  all  the  pedicellate  VorticelUna, 
This  notion  involves  no  great  stretch  of  the  imagination ;  for  there  is  no  extra- 
ordinary metamorphosis  necessary,  and  we  may  throw  out  the  suggestion  that 
such  minute  Vorticellina  are  developed  from  tiie  monadiform  contents  of  the 
brood-cysts. 

To  take  another  illustration  of  Stein's  hypothesis  from  the  allied  genus  Oper^ 
etdaria — ^the  0.  herberina.  Direct  observation  is  wanting  to  identify  the  Act- 
neta  as  belonging  to  this  Opercularia,  except  so  far  as  contiguity  on  the  same 
filament  of  aplant  or  on  the  same  member  of  a  marine  animal,  and  their  fr^uent 
occurrence,  be  allowed  to  have  weight.  Stein  argues  that  the  conversion  of  an 
encysted  Opereularia  into  an  Acineta  is  readily  conceivable,  by  reason  of  their 
congruity  dform  and  the  existence  of  intermediate  phases,  whilst,  on  the  con- 
trary, the  transformation  of  the  ciliated  embryo  into  an  Acineta,  without  first 
passing  through  the  intervening  stage  of  an  Opereularia  (a  change  easily 
imagined),  is  a  circumstance  scarcely  probable :  on  similar  grounds  he  would 
associate  the  pear-shaped  Acineta,  having  a  ramified  nucleus  (XXX.  3,  4), 
with  Opereularia  artteulata  (XXX.  1),  as  a  phase  of  existence  interposed 
between  it  and  its  embryonic  stage  of  a  free  ciliated  animalcule ;  but  his 
developmental  history  of  VorticeUa  microstoma  is  by  fer  the*  most  elaborate, 
although  much  too  long  to  present  here  except  in  abstract. 

His  first  step  in  the  investigation  of  this  species  was  the  illustration  of 
the  act  of  encysting  (XXYII.  5  Or-d)  in  its  widest  range,  and  the  next, 
to  identify  certain  globular  cysts,  found  in  company  with  the  VorticeUce,  with 
the  cysts  of  those  animals.  These  cysts  were  about  ^'"  in  diameter;  they 
had  a  dear  double  outline,  and  contained  a  homogeneous,  transparent,  colour- 
less and  granular  substance.  In  most,  the  characteristic  band-like  nudeus 
and  contractile  space  were  visible,  togetiier  with,  in  many  specimens,  the  in- 
voluted ciliary  apparatus  and  oral  cavity,  looking,  as  a  whole,  like  a  fissure 
at  the  anterior  piart  of  the  cyst  (XXYII.  7, 9).  Li  other  cysts,  again,  nought 
could  be  discerned  save  the  nucleus  and  the  contractile  space,  sometimes  di- 
vided (XXYII.  1,  8) ;  and  lastiy,  in  others,  all  distinction  of  organs  was  lost, 
the  nucleus  being  the  last  to  disappear  (XXYII.  9). 

Stein  considered,  at  first,  those  peculiar  capsules  to  be  connected  with  the 
process  of  reproduction,  and,  from  meeting  with  torn  empty  sacs,  supposed 
that  the  interior  was  broken  up  into  germs  which  made  their  escape  through 
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the  walls.  With  this  inteipretatioii,  howeyer,  he  was  not  satisfied ;  and  at 
the  same  time  his  attention  was  aroused  to  the  oircomstance  of  VorUedlof 
oecorring  so  frequently  in  company  with  AeHnophrtfB  and  Podophrya,  and  to 
that  of  Uie  increase  in  the  nnmber  of  the  one  as  that  of  the  o&er  decreased. 
He  therefore  appHed  himself  to  watch  the  changes  going  on  in  tiie  C3r8ts  de- 
sdihed,  and  at  length  satisfied  himself  of  the  intermediate  changes  in  their 
transition  into  Ad^Snophrys  or  Podophrya — ^two  varieties  of  the  same  animal- 
cule^ in  his  opinion,  and  not  two  genera,  as  nsaally  represented.  Stein  was 
brought  to  the  conclusion  that  this  transition  takes  place,  by  comparing  Podo^ 
phryas  at  an  early  stage  of  development  with  metamorphosed  Vorticdla-<j^, 
KmxmgPodaphrycB  of  &e  common  form, examples  occuired  having  their  usually 
wide  roundcdcapsule  produced  into  a  hollow  fbnnel-shaped  pedicle,  and  thrown 
into  annular  folds,  alternating  with  acute,  parallel,  angular  ridges  (XXIII. 
3).  Most  of  these  individuals  were  unarmed ;  but  some  had  numerous  capi- 
tate tentacles.  On  the  other  hand,  old  FbrftceZZa-cysts  were  found  in  which  Uie 
endosed  animal  had  detached  itself  from  the  cyst-wall,  and  become  thrown  into 
sinuosities  and  elevations,  the  latter  of  which  pressed  against  the  wall,  threat- 
ening to  rupture  it.  These  and  the  above-described  Podophrya  Stein  supposed 
to  merge  into  one  another.  The  leading  changes  noticed  in  the  encysted 
VarHceUoB  consLsted  in  the  disappearance  of  the  nucleus,  in  the  multipHcation 
of  the  contractile  spaces,  and  in  the  detachment  of  the  contents  from  the 
walls  of  the  cyst  (which  they  no  longer  completely  fiUed),  and  their  disposi- 
tion into  irregolar  and  changing  lobes.  Thus  far,  in  detecting  such  VorticeUa- 
cysts,  Stein  proceeds  by  dir^t  observation ;  but  his  next  step  is  simply  hypo- 
diesLB,  viz.  supposing  Iheir  contents  to  shoot  out  tentacula  through  the  dense 
capsule,  and  assume  the  figure  of  Actinophrys  or  of  Podophrya  (XXIII.  1, 2, 
4, 18,  19).  That  the  metamorphosis  should  at  one  time  be  into  the  one  ge- 
neric form,  at  another  into  the  other,  he  endeavours  to  explain  by  assuming 
that  where  no  resistance  is  offered  on  any  side  to  the  developing  Actino- 
phryan,  it  assumes  the  form  of  an  Actmophrys,  but  where  resistance  occurs 
at  one  point,  it  there  developes  a  stem  and  becomes  a  Podophrya.  To  coun- 
tenance his  hypothesis  farther,  he  appeals  to  the  great  similarity  between 
the  A/^netcB  met  with  in  company  with  VortieeUa  whuUfera  on  duck- weed, 
and  Podophrya — so  great,  he  says,  that  when  the  former  are  detached,  it  is 
difficult  to  know  them  from  Podophryce. 

Granting  that  the  history  of  metamorphosis  is  thus  far  complete  and 
satisfactory,  it  remains  to  e^ow  what  becomes  of  the  Actinophryans  thus 
transformed  from  the  cysts  of  VorHeella:,  and  to  reply  to  the  question  whe- 
ther they  originate  a  generative  act.  At  the  outset  of  this  inquiry  Stein 
finds  himself  at  variance  with  EoUiker  and  others  respecting  the  structure 
and  vital  endowments  of  Actinophrys,  The  writers  referred  to  state  AcH^ 
nophrys  to  receive  food  within  its  interior,  to  excrete  undigested  matters,  and 
to  exMbit  certain  powers  of  locomotion ;  these  peculiarities  Stein  ignores,  and 
insists  on  identifying  the  Acinetiform  bemgs  he  has  encountered  with  AcHno- 
pkrys  Sol  and  PodophryaJLca,  which,he  affirms,  give  birth  to  a  ciliated  embryo. 

This  CT[ibryo,  he  asserts,  is  produced  within  a  defined  cavity,  so  fax  larger 
than  itself  that  it  can  move  within  it  (XXIII.  2,  4,  5).  Its  figure  is  pear- 
shaped  with  a  central  constriction,  and  several  folds  occupied  by  cilia;  and 
it  appears  composed  of  a  finely-pimctate  sarcode,  containing,  in  the  axis  of 
its  posterior  and  larger  segment,  an  oval  or  bcmd-like  nucleus,  and  near 
to  this  a  circular  actively-pulsating  space,  and  occasionally,  on  the  other 
nde  of  the  nucleus,  a  second  smaller  one.  No  mouth  could  be  detected. 
The  being,  as  a  whole,  very  closely  resembles  a  detached  gemma  of  Vorticella 
miero$ioma,  into  which  it  can  be  very  easily  conceived  to  be  changed,  on  fix- 
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ing  itself  by  its  anterior  end  and  then  developing,  in  its  larger  and  hitherto 
posterior  segment,  a  mouth  and  ciliary  wreath. 

After  lively  rotary  movements  within  what  might  be  called  its  uterine 
cavity,  the  embryo  escapes  with  a  sudden  bound,  and  gains  a  free,  active 
existence.  The  passage  by  which  it  has  made  its  way  through  the  substance 
of  the  parent  Adinophrys  continues  for  some  time  open,  but  is  gradually 
closed  up  from  behind.  The  size  of  the  embryo  is  proportioned  to  that 
of  the  parent,  and  varies  between  j^'"  and  -^"^  The  diameter  of  the 
smallest  parent  being  in  which  a  mature  germ  presented  itself,  scarcely 
exceeded  J^". 

One  other  instance  will  suffice  to  illustrate  Stein's  hypothesis  of  Adneti- 
form  transformation.  The  one  we  select  is  the  Vaginieola  ery$UdUna,  which 
that  author  attempts  to  show  becomes,  by  a  metamorphosis,  Aeineta  mystacina 
(XXVn.  10-15).  Out  of  a  large  number  of  specimens  contained  in  a 
vessel  of  water,  few  could  be  found  at  the  end  of  fourteen  days,  the  place 
of  the  great  majority  having  been  assumed  by  Acinettna.  Tbis  occurred 
even  when  great  pains  were  taken  to  isolate  a  certain  number  of  Conferva^ 
filaments  richly  covered  with  VcufinieolcB,  and  to  place  them  in  pure  spring- 
water,  so  as  to  avoid  the  introduction  of  other  colonists.  That  the  AdneUx 
were  derived  from  the  Vaginicolce,  a  comparison  of  the  structure  <^  the  two 
will  indicate.  The  contracted  body  of  the  Vagimcola  may  be  recognised  in 
the  Aeineta  detached  from  the  bottom  of  its  sheath  and  raised  to  the  upper 
part,  which  it  completely  fills, — ^the  mouth  of  the  sheath  having  previoujaly 
been  bent  inwards  over  it  as  a  cover,  and  a  layer  of  gelatinous  matter  poured 
out  to  bind  the  two  together.  The  outermost  parts  of  the  roof-like  cover 
project  freely  above  this  layer,  and  are  traversed  by  several  radiating  folds  or 
fissures.  The  clearest  notion  of  the  transformation  effected  is  obtained  when 
we  can  look  down  upon  the  top  surfeu^e  of  the  capsule,  by  getting  the  axis 
perpendicular  to  the  eye. 

The  contained  body  is  closed  in  on  aU  sides ;  and  its  contents  are  substan- 
tially the  same  as  those  of  the  body  of  the  Vaginicola  (XXVII.  12),  with 
numberless  fine  granules,  and  sometimes  with  a  preponderating  number  of 
large  granules  scattered  through  them,  rendering  the  body  opaque  and  of  a 
greyish-yellow  colour.  There  is  likewise  a  similar  round  contractile  space ; 
but  instead  of  a  band-like  nucleus,  there  is  a  rounded  one.  This  difference 
in  respect  of  the  nucleus  is  not  important,  inasmuch  as  its  length  varies 
greatly  in  Vaginicola  according  as  the  aninud  is  ext^ided  or  in  a  contracted 
state, — ^being  in  the  latter  much  shortened  or  merely  dongated-oval,  whilst 
in  the  former  its  length  exceeds  two  or  three  times  its  width.  Hence  it  is  in 
no  way  remarkable  that,  in  the  very  contracted  condition  of  the  encysted  and 
Acinetiform  state,  the  nucleus  should  be  very  much  shortened  and  rounded, — 
a  change  which  analogy,  indeed,  with  various  encysted  animals  would  lead 
us  to  anticipate. 

From  the  upper  suifiBU3e  of  the  encysted  body  very  many  bristle-like 
tentacles  with  knobbed  ends  are  given  off,  which  penetrate  the  gelatinous 
layer  through  the  fissures  in  the  cover  of  the  sheatii,  and  outspr^  them- 
selves in  a  radiating  manner.  These  tentacles  are  for  the  most  part  straight, 
and  slowly  extend  and  retract  themselves  in  length.  Pressure  causes  th^ 
contraction,  and  huddles  them  together ;  but  they  are  not  entirely  withdrawn. 
Some  smooth  Acinetiform  specimens  are  met  with,  which  may  be  considered 
to  be  in  an  earher  stage,  and  similar  to  the  incomplete  Adneta  of  EptstyUs 
plkatUis. 

The  origin  of  the  Aeinetas  from  Vaginicola  is  farther  substantiated  by  the 
relative  dimensions  oi  the  two.     Thus  Vaginicola^  were  found  on  Conferva 
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haTing  aheftdis  betwixt  ■^'"  and  -f^"'  in  length ;  those  most  common  were 


withy — 88,  for  instance,  capsnles  occupied  anteriorly  by  the  contracted  body, 
whidi  still  exhibited,  upon  being  moved  up  from  the  bottom  of  the  case, 
the  posterior  annular  fdrrow  and  traces  of  the  ciliary  wreath  previoosly 
existing,  and  had  its  anterior  half  enveloped  in  a  gelatinous  lamina,  uniting 
it  to  the  inner  sur&ce  of  the  sheath,  which  was  at  one  time  more,  at  another 
less,  incurved  upon  the  animal,  but  had  as  yet  not  been  converted  into  the 
peeoliar  pent-house-like  cover. 

llie  metamorphosis,  therefore,  of  a  Voffinieola  into  an  Acineta  may  be 
thus  explained.  The  animacule  is  in  the  first  place  contracted  in  the  ordi- 
nary manner;  it  then  developes  its  posterior  furrow  and  ciliary  wreath 
(XXVil.  11),  and,  detaching  itself  from  the  bottom  of  its  sheath,  rises  to  the 
upper  part,  which  it  entirely  fills  and  closes  up.  From  this  time  the  rotary 
apparatus  and  digestive  tube  disappear  by  absorption  ;  the  excretion  of  the 
^latinous  matter  from  the  fore  part  ensues,  and  fixes  the  animal  in  its  posi- 
tion, while  its  tendency  to  fall  to  the  bottom  of  the  case,  and  to  contract, 
draws  inwards  the  mouth  of  the  case,  and  completes  its  enclosure  within  a 
thut  sac  or  capsule  (XXYII.  12).  The  contractile  tendency  of  the  body 
still  continuing  to  operate,  brings  about  a  narrovring  of  the  anterior  part, 
and  with  this  a  consequent  dongation  of  the  sheath ;  in  this  way  an  ex- 
planation may  be  given  of  the  very  long  specimens  fr^uently  encountered. 
The  extrusion  of  the  tentacles  is  an  afker-occurrence  (XXVII.  13). 

The  complete  Adneta  can  entangle  small  Infusoria  with  its  tentacula, 
whidi,  by  their  crossing  and  retraction,  draw  the  captured  particles  to  the 
Borfaoe,  where  probaUy  their  nutritive  matters  are  absorbed  through  it; 
at  all  events,  no  food  or  foreign  particles  are  seen  in  the  interior. 

Btein  next  attempts  the  identbication  of  this  Amuta  of  Vaginteola  crystal" 
lima  with  the  Adneta  mystadna  of  Ehrenberg,  and  in  a  subsequent  paper 
proceeds  to  show  that  it  developes  within  itself  a  ciliated  embryo.  Amid 
many  Acinette,  he  discovered  some  bearing  a  clear  oval  or  rounded  cyst,  or, 
less  eommonly ,  several  such,  upon  the  suifiEice  of  the  enclosing  lid ;  where  there 
was  a  plurality,  they  were  evidently  in  difEerent  stages  of  development.  The 
cyst  contained  a  sharply-defined  Infusorial  being,  of  a  homogeneous  finely- 
granular  substance,  and  having  an  actively-pulsating  sac.  At  first  Stein 
imagined  these  might  be  animalcules  casually  affixed  to  the  AeinetcB ;  but  fur- 
ther observation  proved  their  organic  connexion  with,  and  derivation  from  it. 
The  cyst-walls  were  internally  soft  and  gelatinous,  and  their  substance 
continuous,  through  the  fissures  of  the  cover,  with  the  gelatinous  layer  of  the 
Aeineta,  of  which  they  might  be  more  correctly  represented  pouches  or 
diverticula.  The  appended  animalcule  is  not  a  bud  produced  fit)m  the 
Adneta^hodj ;  for  it  is  never  found  in  organic  connexion  with  it,  but  un- 
doubtedly has  its  origin  as  a  germ  within  it,  and  makes  its  way  outwards. 
In  fkct,  it  IB  developed  frx)m  the  rounded  nucleus  by  its  elongation  and  sub- 
sequent transverse  fission.  The  youngest  cysts  are  round  or  shortly  oval, 
and  have  no  other  indication  of  life  and  movement  than  that  exhibited  by  the 
contractile  space.  In  the  next  stage  they  are  slightly  emarginate  at  one 
end  and  still  motionless,  whilst  in  the  oldest  the  fissure  or  emargination 
extends  deeply  into  the  interior  in  a  curved  manner,  and  very  clearly  exhibits 
a  number  of  vibratile  cilia.  In  this  mature  state  they  enjoy  considerable 
locomotive  powers  within  their  capsule,  and  recall  in  their  form  that  of  con- 
tmcted  Vortiedlina,  Thus,  at  their  fore  part  they  present  a  rounded  ciliated 


Digitized  by  VjOOQ IC 


364  GENERAL  flISIOBT  OT  IHB  INFU80BIA. 

lobe,  resembUng  somewhat  a  retracted  rotary  organ,  whilst  the  fissure  ex- 
tendmg  inwards  indicates  the  alimentary  tube. 

There  is  yet  another  apparent  mode  of  embryonic  development  in  the 
AoinetoB  of  VorUedUna  described  by  Stein,  which  occorred  in  some  specimens 
not  provided  with  tentacles.  In  place  of  these,  one  or  two  short  dosed 
tubular  processes  extended  from  the  fore  part  of  the  animalcule;  of  Uie  usual 
granular  contents  scarcely  a  trace  remained ;  and  the  nucleus  and  contraotUe 
space  had  entirely  vanished.  The  membrane  of  the  enclosed  body,  thus 
deprived  of  its  ordinary  constituents,  contained,  in  their  room,  six  elongated- 
oval  cell-like  bodies,  -^"'  long,  which  seemed  to  have  beeoi  developed  at 
the  cost  of  the  contents  of  the  original  Acineta.  These  structures  had  a 
sharp  outline,  and  contained  a  coarse  granular  substance  and  a  contractile 
sac.  They  seem  to  develope  into  embryos ;  for  in  one  case  a  ciliated  furrow 
was  observed,  assimilating  the  being  to  the  more  usual  embryos  of  the 
AcinetcB.  Probably  the  JLoen«to-con£tion  of  the  Vagimcola  is  terminated 
in  this  manner,  after  developing  for  a  period  embryos  according  to  the  plan 
above  mentioned,  by  the  final  breaking  up  of  the  nucleus  into  several  huge 
germs. 

In  addition  to  the  species  described.  Stein  believed  he  made  out  the 
Acineta-st&te  of  several  other  species  of  VorUceUa^  of  EpistyUsy  and  Open^/L- 
laria  (XXX.  1-4),  as  well  as  of  Zooihamntum,  Ophrydiwn  (XXX,  5-6),  and 
Spirochona  (XXX.  18-26).  However,  sufficient  details  have  been  given  to 
illustrate  the  presumed  fact  in  the  devdopmental  history  of  the  Ciliated  Pro- 
tozoa ;  and  we  must  refer  those  of  our  readers  desirous  of  more  fully  testing 
the  views  of  that  most  excellent  observer,  to  his  often-dted  work,  *Die 
Infusionsthiere  auf  ihre  Entwickelungsgeschicte,'  Leipzig,  1854.  More- 
over, the  several  new  forms  of  Acmetina  he  has  pointed  out  wiU  be  found 
referred  to  in  the  general  history  as  well  as  in  the  systematic  views  of  that 
group. 

It  is  now  incumbent  on  us  to  review  the  opinions  of  other  naturalists  upon 
this  remarkable  and  interesting  hypothesis.  A  few  have  accepted  it,  among 
whom  are  Mr.  Busk  (as  we  gatiiered  from  his  lectures  at  the  College  <^ 
Surgeons  in  1857)  and  Mr.  Carter.  The  latter  has  the  following  remarks 
on  ttie  subject  (JL  N.  H.  1856,  xviii.  p.  237) : — ^*  I  could  not  discover  an 
elongated  nucleus,  as  Stein  has  figured,  in  the  AmoebcB  and  AcineUB,  which  I 
saw  developing  young  VorHeeUce,  the  former  in  plurality  (one  to  three)  and 
the  latter  singly :  if  present  in  tiie  Amoebous  form,  it  was  circular,  and  if  in 
the  AeinetcB,  undistinguishable  from  the  general  '  gTanulati<m.'  Again,"  he 
goes  on  to  say,  **  where  are  these  transformations  to  end  ?  Into  what  kind 
of  Bhizopods  do  the  sheathed  Vortkdke  pass  ?  How  many  of  the  fredi- 
water  Bhizopoda  are  alternating  forms  of  VorticellcB  V  At  the  time  <tf  his 
writing  the  above,  Mr.  Carter  had  not  seen  Stein's  latest  work,  which  would 
have  resolved  some  of  the  doubts  and  queries  expressed.  Thus,  the  Gennan 
naturalist  finds  the  nucleus,  if  elongated  and  band-like  in  the  encysted  being, 
to  become  orbicular  or  oval  when  in  an  Aeineta-Bt&te,  and  points  out  that  aoetio 
acid  will  reveal  this  organ  when  obscured  by  the  granules  of  the  interior. 
Moreover,  his  later  rescwirches  have  been  extended  to  sheathed  VorticeBma 
or  Ophrydina — ^for  instance,  to  Vagmicolay  of  which  we  have  given  the  par- 
ticulars. However,  it  is  very  important  to  obtain  Mr.  Carter's  staton^ 
that  he  has  seen  young  VorUcdUB  developed  from  AdnetcB  and  AmoAcSy — in- 
tending by  the  latter,  we  apprehend,  Acmetm  without  tentacles  and  capsule, 
and  not  the  simple  Amoebce  commonly  understood  by  that  term. 

The  objectors  to  the  hypothesb  are  by  far  the  more  numerous.  The  emi- 
nent physiologist  Johannes  Miiller,  to  whom  Stein  showed  AdinophyM  and 
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Podaphya  develc^ing  embryos,  oonld  not  agree  with  the  oondiuncm  the  latter 
arrived  at  (yiz.  that  they  be^une  VartieeUcB),  bat  was  more  disposed  to  brieve 
that  they  relapsed  into  Aemeta.  Ehrenberg  (Ueber  die  Formb€$tandigkeit 
und  den  Eniwiekeltrngskreie  der  crganieehen  Formeny  Berlin,  1852,  at  pp.  23, 
24,  and  34)  attributes  the  theory  to  erroneous  and  hasty  observation.  The 
sappoeed  embryo  of  Atineta  is,  to  his  apprehension,  simply  a  Triehodina 
^^eh  has  been  swallowed.  To  these  strictures  Stem  replies  that  the  Adneta^ 
bodies  have  no  month,  that  they  never  contain  any  foreign  matters  taken  as 
foody  and  that  no  more  than  one  Triehodina  appears  in  them  at  a  time,  al- 
though many  may  live  around  them,  and  several  would,  no  doubt,  if  taken 
as  food,  be  often  found  together  in  the  interior.  It  is,  moreover,  to  be  noted, 
that  Ajnneia  collected  from  the  most  different  localities  contained  the  self- 
same Triehodina-ioTmy  and  that  such  forms  occurred  in  sparing  number. 
Again,  it  must  not  be  forgotten  that  the  embryo  may  be  watched  in  active 
movCTient  within  the  Aeineta  for  the  space  of  an  hour,  whereas  Infhsoria  swal- 
lowed by  other  animalcules  are  speedfly  reduced  to  a  state  of  rest  and  de- 
stroyed. TiachmaTin  rejects  the  hypothesiB,  and  gives,  in  much  detail,  his 
reasons  for  so  doing.  At  the  same  time  he  confirms  the  taei  of  *'  the  forma- 
tion cf£  embryos,  not  only  in  many  Aoinetina,  but  also  in  numerous  other  In- 
fusoria "  (A.  N.  H.  1857,  xix.  p.  232),  and  attests  the  &ct  of  the  nucleus 
being  primarily  concerned  in  this  act  of  devel<^ment,  adding  some  particulars 
whidi  require  to  be  recorded.  ^'The  nucleus,"  he  writes  (he.  eit,),  '^is 
usually  seen,  first  of  aU,  to  divide  into  two  or  more  parts,  when  the  same 
processes  take  place  in  one  or  several  of  these  parts,  which  in  other  cases 
occur  in  the  undivided  nucleus.  Upon  or  in  the  wall  of  the  nucleus,  or  of 
one  of  its  products  of  division,  we  now  sometimes  perceive  small  round  glo- 
bules* which  increase  in  size,  finally  acquire  a  contractile  vesicle,  and  become 
converted  into  embryos ;  these  at  last  become  furnished  with  dlia,  escape  out 
of  the  parent  animal,  and  swim  about  freely,  generally  in  a  form  more  or  less 
differing  from  that  of  the  mother.  Very  different  numbers  <tf  embryos  may 
be  formed  in  one  section  of  the  nucleus ;  in  the  same  species  we  sometimes 
find  many,  and  sometimes  only  one  embryo  formed  in  it ;  and  an  embryo 
which  has  been  developed  alone  in  a  fragment  of  the  nucleus  is  usually  as 
large  as  aU  the  embryos  formed  in  a  similar  fragment  which  has  developed 
many  of  them  taken  together. 

''  The  true  import  of  the  nucleus,  of  course,  is  not  decided  by  this  state- 
ment ;  [we  cannot  say]  whether  it  is  to  be  regarded  as  a  germ-stock,  in 
which  germs  are  formed  asexually,  as  an  ovaiy,  in  which  the  ova  are  de- 
veloped at  the  same  time,  or,  in  accordance  with  Focke's  views,  as  a  uterus, 
in  which  the  ova  or  germs- formed  in  another  place  (perhaps  in  the  nucle- 
olus ?)  are  frirther  developed. 

"  The  fete  of  the  embryos  which  are  unlike  their  parents  after  their  birth 
is  still  unknown  in  most  cases." 

Perty  displays  distinct  opposition  to  Stein's  views,  but  has  not  thoroughly 
examined  them,  contenting  himself  with  an  occasional  critique  in  passing. 
For  instance,  he  states  that  those  miniature  beings  regarded  as  the  brood  of 
VwrtieeUa,  both  by  Stein  and  Ehrenbei^  (su  p.  357),  are  in  his  opinion  no  more 
than  specimens  of  Cercomtmae  trwneata  (Buj.).  Again,  he  remarks,  EpistyUs 
anastatiea  is  very  rare  at  Berne ;  and  the  Triehodina  grandindla,  which  Stein 
represents  to  be  its  embryo,  is  very  common  in  every  collection  of  water ; 
al^  VwHeella  mieroitoma  is  most  abundantly  distributed,  but  its  supposed 
metamorphic  condition,  viz.  Podophrya,  very  uncommon.  Bespecting  the 
latter  animalcule,  and  likewise  Ae^/nophrys,  he  adds  an  observation  of  Ids 
own,  which  convinced  him  of  the  reproduction  of  these  animals  by  minute 
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internal  germs,  which,  when  set  free,  immediately  assumed  the  speeial 
characters  of  their  parents  (Kleinste  Lebenfarm.  p.  74). 

To  Br.  H.  Cienkowskj  we  owe  the  latest  examination  <^  this  sabject 
(J*.  M.  S,  1857,  p.  96).  He  rejects  Stein's  theory  because,  instead  of  finding 
Podaphrya  fixa  in  company  with  VardceUa  tMerostomay  he  met  with  it  in 
great  abundance  along  with  multitudes  of  Styhnychia  mytilua  and  St.  puthi- 
lata.  Haying  watched  its  process  of  encysting,  he  felt  '^  unable  to  adopt 
Stein's  view,  that  the  Podophryce  are  enclosed  in  a  membrane  of  which  the 
slender  pedundo  is  simply  a  tubular  process."  In  fact,  he  noticed  cysts  in 
which  the  original  slender  peduncle  was  appended  to  the  sacculate  ^ivelope. 
He  also  traced,  step  by  step,  from  Podophrya:,  the  derivation  of  the  supposed 
transitional  stages  between  VorticeUa'Cjsts  and  Podophryce,  and  asserts 
**  that  they  are  most  certainly  not  metamorphosed  Vortieella-eysts,  but  the 
commencement  of  the  encysting  of  Podophryof.  Podophrya  are  not  formed 
out  of  them ;  but,  on  the  contrary,  from  the  latter  arise  the  forms  above 
described,  which  Stein  looks  upon  as  Pbdophryce  remaining  at  an  early  stage 
of  development.  The  metamorphosed  contents  of  older  VorticeUa-cjBtSy  re- 
garded by  Stein  as  the  first  commencement  of  the  formation  of  a  Podo- 
pkrya,  indicate,  according  to  what  I  have  seen  in  other  infusorial  cysts, 
and  to  what  Stein  himsdf  states  with  regard  to  Vorticella  microstoma,  the 
commencement  of  the  breaking  up  of  the  entire  contents  into  numerous 
smaller  *  swarm  '-cells." 

Dr.  Cienkowsky's  next  proceeding  was  to  show  the  relations  of  the  motile 
embryo  developed  from  the  Podophryean  animalcule  Stein  met  with.  He 
encountered  numerous  Acinetce  precisely  like  those  figured  by  Stein.  **  Most 
of  these  Acinetof  were  without  peduncles,  and  had  no  limitary  membrane, 
although  numerous  specimens  might  be  seen  with  a  short  peduncle  and 
imbedded  in  a  mucoid  thick  envelope ;  and  this  was  especially  observed  when 
the  Aeinet4x  had  lived  for  about  a  week  on  the  object-glass  (XXTTT.  33-39). 
Although  numerous  points  of  relation  exist  between  these  Adneta^foirmB 
and  Podophrya  fixa  (Ehr.),  I  am  nevertheless  unable  to  determine  whether 
they  should  be  regarded  as  identical,  or,  with  Stein,  whether  Podophrya  and 
Actinophryu  should  be  considered  as  the  extreme  links  in  the  morphological 
cycle  of  one  and  the  same  species  (Stein,  he,  cit,  p.  143).  The  peduncle  of 
an  Acineta  is  a  tubular  elongation  of  the  enveloping  membrane,  whilst  in 
the  membraneless  Podophrya  it  is  an  independent  formation.  When  the 
Podophrya  are  left  in  water  for  a  few  days  upon  the  object-glass,  they  form 
the  very  characteristic  pedunculate  cysts ;  but,  under  the  same  conditions,  I 
have  never  been  able  to  follow  the  AdnetaioTxnB  now  in  question  to  the 
formation  of  cysts ;  the  former  multiply  by  division,  whilst  in  the  AdneUg 
1  have  never  noticed  the  occurrence  of  that  process.  What  Stein  describes 
as  ActiiMphrys  is  really  a  non-pedunculate  Acineta  ;  the  AcHnophrycB  have 
no  tentacles,  but  setss,  though  perhaps  occasionally  some  of  these  setsB  are 
capitate.  In  almost  eveiy  specimen  of  the  Adnetm  in  question  might  be 
seen  rotating  a  round  or  oval  embryo,  of  various  size  and  position,  with 
one  or  two  contractile  spaces.  This  embryo  slowly  approached  the  wall  of 
the  Acineta,  caused  it  to  protrude  a  little  outwards ;  and  after  remaining 
for  a  short  time  quiescent,  it  slowly  made  its  way  through  the  wall  (XXIU. 
41),  and  quitted  the  parent  site  with  the  rapi^ty  of  l^htning  when  it  had 
freed  about  half  of  itself.  This  rapidity  was  so  great,  that  the  course  could 
not  be  traced  with  a  magnifying  power  of  170  diameters.  About  five  minutes 
elapsed  frY>m  the  commencement  of  perceptible  motion  to  the  complete  libe- 
ration of  the  embryo ;  and  on  many  occasions  I  saw  two  rotating  embiyos 
liberated  in  succession.    When  the  embryo  is  half  out  of  the  parent-cysty 
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a  tranoTene  ring  of  very  fine  vibratile  cilia  may  be  pereeiTed  at  a  short 
distanoe  from  its  summit/' 

This  rapidly-moving  embryo  was  followed  in  its  course,  under  *^  the  mi- 
croscope, and  was  seen  to  traverse  "  the  drop  of  water  from  one  side  to  the 
other,  in  divers  strai^t  and  undulating  lines,  as  quick  as  lightning.  Upon 
meeting  a  mass  of  mucus  on  the  edge  of  the  drop,  it  bounced  back  again,  re- 
peating the  manceuvre  on  each  occasion  of  the  same  kind ;  sometimes,  though 
more  rarely,  the  movement  was  circular,  around  the  margin  of  the  drop. 

<<  Judging  from  what  I  had  noticed  in  the  diviedon  of  the  Podaphrtfa,  I 
expected  that  the  movement  would  not  be  of  long  duration.  But  after  a 
continuous  observation,  for  fully  five  hours,  of  the  active  motions  of  the  tiny 
brilliant  point,  a  determination  of  blood  to  the  head  obliged  me  to  desist. 

^*  A  fresh  drop  of  the  infusion,  in  which  two  embryos  were  in  active  mo- 
tion, was  observed  at  intervals  of  a  quarter  of  an  hour.  At  the  end  of  five 
hours,  the  rapidity  of  the  movement  was  notably  diminished — ^it  became  tre- 
mulous, and  then,  perhaps,  for  a  time,  as  rapid  and  energetic  as  before.  I 
now  placed  the  object  under  the  compound  microscope,  and  continued  my 
observation  of  the  indefatigable  embryo  for  another  quarter  of  an  hour ;  the 
embryo  became  stationary.  I  waited  with  drawn  breath  what  would  come 
next :  its  fcHin  from  oval  became  q;>herical ;  at  the  border  appeared  short, 
thick,  equidistant  rays,  which,  after  a  while,  were  developed  into  elongated, 
capitate  tentacles ;  the  contractile  space  was  visible  ;  and  I  could  no  longer 
doubt  as  to  the  Acifuta-neLtwre  of  the  creature  (XXIII.  42, 43).  This  obser- 
vation was  twice  repeated. 

*'  It  can,  therefore,  no  longer  be  doubted  that  from  the  Adneta-emhryOf 
after  a  prolonged  motile  stage,  another  Aeineta  is  formed.  My  observations 
do  not,  of  course,  show  that  it  is  impossible  that  the  motile  Amnetd-ennbryo 
should  be  transformed  into  a  VorticeUay  and  a  VortieeUa-cyBt  into  an  Aeineta ; 
but  the  field  of  possibilities  is  very  wide ;  everything  is  possible  if  it  only  be 
founded  on  fEtcts.  I  believe,  thei^ore,  that  it  may  jusUy  be  concluded  that 
Stein's  Aeineta  doctrine,  as  concerns  Vorticella  mierastoma  (£hr.),  must  be 
r^arded  as  hypothetical y  and  not  based  upon  facts." 

Tiachmann  and  Clapardde  have  jointly  examined  into  the  facts  and  appear- 
ances upon  which  Stein's  hypothesis  b  based,  and  have  presented  an  abstract 
of  their  views,  which  are  entirely  adverse  to  it,  in  the  Annales  dee  Sciences 
NatureHeSy  1858,  in  anticipation  of  the  publication  of  their  essay,  to  which 
the  French  Academy  awarded  the  first  prize  for  original  researches  into 
the  development  of  Infusoria.  They  state  that  they  have  witnessed  the 
development  of  embryos  in  many  other  Adnetina  besides  those  recognized 
by  Stein;  that  the  embryos  of  difTerent  species  vary;  that  the  tentacles 
of  Adnetina  are  suctoriid  and  active  in  seizing  food,  which  is  absorbed 
with  avidity  into  the  interior ;  and  that  the  internal  organization  of  those 
animalcules  is  in  all  probability  more  elaborate  than  Stein  supposed. 

The  appearance  of  the  joint  essay  on  the  development  of  the  Infusoria,  by 
the  gentlemen  mentioned,  as  well  as  of  that  by  lieberkiihn,  which  shared  in 
the  prize  offered,  will  be  anticipated  with  much  eagerness  and  pleasure  by 
all  naturalists  who  feel  how  obscure  and  confused  is  the  present  state  of  in- 
formation on  the  subject. 

At  the  present  time,  we  may  say  that  Stein's  hypothesis  of  the  transform- 
ation of  (Hliated  Protozoa  (or,  more  strictly,  of  the  VwriicdUna  and  Ophry^ 
dina,  to  which  alone  it  has  been  sought  to  refer  it  by  observation)  remains 
unproven ;  yet  doubtless  it  is  a  step  in  the  right  direction  to  arrive  at  a  know- 
ledge of  the  true  generative  process  of  these  animalcules,  and  has  already  proved 
the  development  of  ciliated  embryos  in  Adnetina  and  in  various  Ciliata. 
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The  history  of  the  metamorphoses  of  Trichoda  Lynceus  recounted  by  M. 
Jules  Haime  (Ann,  d.  S.  N,  3  s^r.  xix.  p.  109)  calls  for  notice  in  this  place, 
although  we  are  not  disposed  to  assign  it  much  value,  inasmuch  as  some 
of  the  phenomena  stated  are  very  extraordinary,  are  unsupported  by  any 
parallel  fieu^ts,  and  are  in  actual  opposition  to  those  best  ascertained  respect- 
ing the  organization  and  functions  of  the  Oiliata.  We  would  especially  direct 
attention  to  the  statement  of  the  exudation  of  sarcode,  and  the  consequent 
reduction  of  size,  as  a  necessary  step  in  the  deyelopmental  phases, — an  occur- 
rence, in  our  belief,  without  analogy  and  quite  anomalous. 

He  first  asserts  ^at  '<  Oxytricha  (Ehr.)  is  a  larval  phase  of  Trichoda  Lyn- 
ceuB,  and  next  that,  on  its  ifssiparous  division,  generally  one  of  the  two  seg- 
ments produced  assumes  a  globular  form,  losing  almost  all  its  appendages, 
both  ciHa  and  setae,  and,  at  the  same  time,  gives  exit  to  successive  portions 
of  its  sarcode,  so  that  vacuoles  multiply  in  its  interior.     At  this  stage  a  ge- 
latinous cyst  is  excreted  around  it  which  ultimately  hardens  into  a  mem- 
branous envelope.    In  a  short  time  the  contents  of  the  cyst  shrink  finom  the 
cyst-walls  and  leave  a  space  around  them,  when  ciliary  movement  appears 
at  one  part,  and,  a  further  escape  of  granular  sarcode  having  taken  place 
through  the  cyst- wall,  the  figure  becomes  more  or  less  modified.     Two  por- 
tions are  now  distinguishable  within  the  cyst — a  ciliated  embryo  and  a  mass 
of  effete  granular  matter ;  and,  as  time  elapses,  the  former  seems  to  grow 
at  the  expense  of  the  latter,  and  eventually  makes  its  escape  from  the  nesjiy- 
emptied  cyst.    The  freed  animalcule  is  not  at  first  very  different  in  appearance 
from  the  parent  Oa^trieha,  although  only  about  two-thirds  its  diameter ;  but 
ere  long  it  developes  itself  into  a  very  different  being.     In  so  doing,  it  first 
exudes  some  more  of  its  substance,  tiien  produces  numerous  short  stiff  setie 
to  serve  it  as  feet,  acquires  a  hard  integument  in  the  form  of  a  shield,  or 
carapace,  and  forms  a  mouth,  in  the  form  of  a  slit  on  one  side,  and,  in  front 
of  this,  a  gyrating  filament  to   produce  a  current  for  the  introduction  c( 
food.     In  this  transformed  being  the  Aspidisca  (Ehr.)  is  recognizable,  having 
a  very  much  smaller  size  than  the  original  Oxytricha.    The  reversed  comse 
of  development,  viz.  that  of  Agpidisca  into  Oxytricha  has  not  been  fol- 
lowed ;  but  it  may  be  conjectui^d  that  a  sexual  process  is  interposed,  pro- 
bably in  connexion  with  other  metamorphoses." 

Before  taking  leave  of  the  subject  of  reproduction  among  the  CSliata,  it 
is  important  to  add  a  statement  made  by  Lachmann  in  his  excellent  and 
oft-quoted  essay  (p.  239).  He  writes — "  With  regard  to  the  peculiar  pro- 
cess of  copulation  or  zygosis  of  the  Infusoria,  as  its  object  is  stiQ  entirely 
unknown,  I  shall  only  state  that,  except  in  the  Diatomacea  and  Detmidiacetf, 
the  position  of  which  is  still  doubtfol,  it  has  hitherto  been  observed  par- 
ticularly in  Actinophrys  and  Acinetina,  According  to  an  oral  statement, 
E.  ClaparMe  has  also  seen  VbrticeUina  (especially  V,  microstoma)  in  zygosis ; 
and  I  have  twice  met  with  double  animals  of  Carehesium,  stiU  sitting  upon 
a  double  stalk  and  constantly  becoming  more  amalgamated,  so  tluit  the 
cavities  of  both  the  frised  animals  communicated,  and  the  morsel  which  wa8 
passed  from  the  pharynx  of  one  animal  usually  ascended  in  the  cavity  <^ 
the  other,  up  to  the  lower  surface  of  its  ciliary  disk.  The  rotatory  organs 
remained  separate ;  and  after  the  lapse  of  some  time,  the  double  animal  cast 
itself  loose  from  the  stems,  and  swam  about  for  more  than  twenty-four  hoars 
by  means  of  a  circlet  of  cilia,  which  was  produced  around  the  rounded  hinder 
extremity  formed  by  the  coalescence  of  die  two  posterior  extremities  of  tiio 
individual  animals." 

Natuee  of  the  Ciliated  Pbotozoa.  Theib  Existence  as  Inbepehdefi 
Oboanisms.    Cell  Theory  applied  to  them. — ^That  the  beings  we  have  oom- 
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prehended  under  the  appellation  (Sliated  Protosoa  are  indubitably  animala, 
baa  never  been  caUed  in  question ;  nevertheleeB  their  claim  to  be  conaidered 
independent  organisms  hais  been  challenged  by  a  few  naturalists,  who  insist 
on  their  being  generally  nothing  more  than  phases  of  development  of  animals 
more  or  less  elevated  in  the  scale.  These  objectors  have,  however,  hitherto  fiedled 
to  produce  sufficiently  direct  and  exact  obeerTations  in  proof  of  this  general 
assertion,  which  rests  mainly  upon  presumed  external  resemblances,  and  on 
analogy  with  many  of  the  inferior  animals,- among  which  the  so-called 
*^  alternation  of  generations  "  is  the  rule.  In  the  foregoing  pages  there  is 
certainly  sufficient  evidence  that  some  Infosorial  forms  are  merely  stages  of 
development  of  others ;  and  nothing  is  more  probable  than  that  some  may 
similarly  be  phases  of  animals  belonging  to  other  classes  than  the  Ciliata ; 
yet,  on  the  other  hand,  the  independent  character  of  several  fiunilies  (for 
example,  of  VortieeUmay  Ophrydina,  and  Coltpina)  has  not  been  at  aU  shaken 
by  the  researches  of  naturalists. 

There  is,  we  believe,  a  true  typical  organization  appertaining  to  the  Ciliata, 
of  a  distinct  character  from  that  of  other  animal  organisms,  and  inconverti- 
ble. It  may  be  more  or  less  perfected,  or  more  or  less  degraded,  and  may, 
in  the  process  of  development,  be  put  in  abeyance  for  a  time,  though  not 
replaced  by  another ;  and  under  this  impression,  Stein's  views  of  Aoineti- 
form  metamorphosis  have,  to  our  mind,  an  air  of  improbability. 

The  very  distinguished  naturalist  M.  Agassiz  stands  among  the  foremost 
in  advancing  the  sweeping  conclusion,  that  the  Ciliated  Protosoa  have  no 
existence  as  a  class.  Most  of  the  Enterodela  of  Ehrenberg,  he  says  {A.  N,  H. 
1850,  vi.  p.  156),  '^  fSEir  from  being  perfect  animals,  are  only  germs  in  an 
early  stage  of  development.  The  fisunily  of  Vorticellce  exhibits  so  dose  a 
relation  witii  the  Bryozoa,  and  especially  with  the  genus  PedicdUna,  that  I 
have  no  doubt  that  wherever  Bryozoa  should  be  placed,  VorticeUa  should 
follow,  and  be  ranked  in  the  same  division  with  them.  The  last  group  of  In- 
fusoria— Bursaria,  Pa/ramecium,  and  the  like — are,  as  I  have  satisfied  mysdf 
by  direct  investigation,  germs  of  fresh- water  worms,  some  of  which  I  have 
seen  hatched  from  ^;gs  of  Planaria  laid  under  my  eyes."  In  these  statements 
Mr.  Girard  (Proceedings  of  American  Association,  1848,  p.  402)  coincides, 
and  adds  that  Colpoda  CucuUvlus  is  one  of  the  embryonic  stages  of  fresh-water 
Planaria, 

To  these  statements  it  may  very  fSsdrly  be  objected,  that  the  embryonic 
animalcules  presumed  to  be  identical  with  certain  Ciliata  may  possess  merely 
a  deceptive  outward  resemblance,  and,  again,  that  in  the  case  of  the  assigned 
affinity  of  the  Forfte^tna,  an  exact  comparative  examination  of  the  organi- 
zation of  this  fEunily  with  that  of  Bryozoa  will  show  that  there  is  no  true 
homology,  but  simply  some  general  points  of  omilarity,  between  them. 

When  Schleiden  and  others  unfolded  tiie  cell-theory  as  a  general  flEust  in 
organic  beings,  attempts  were  at  once  made  to  apply  it  to  the  simplest  animal 
structures,  among  wMch  the  Ciliated  Protozoa  are  numbered.  The  Protozoa 
were  called  uniceUular  animals;  a  cell-wall,  more  or  less  modified,  was 
everywhere  discovered  or  supposed ;  and  the  more  solid  body,  the  testis  of 
Ehrenberg,  was  at  once  assumed  as  the  **  nucleus."  This  name  we  have  for 
convenience'  sake  retained,  although  its  special  relation  with  cell-structure 
and  the  cell-theory  cannot,  in  our  opinion,  be  sustained. 

The  cell-theory,  in  its  £q>plication  to  Protozoa,  found  a  very  able  advocate 
in  Kolliker  (J".  Jf.  8,  1853,  i.),  and  was  upheld  by  many  others ;  its  simpli- 
city, and  the  generalization  as  to  structure  and  function  it  suggested,  recom- 
mending it  to  philosophic  minds.  Latterly,  however,  a  more  exact  apprecia- 
tion of  the  true  organization  and  frmctional  history  of  animalcules  has  caused 
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the  abandonment  of  the  hypot^iesLS,  the  greatest  names  in  mi(n*o8copic  soieiioe 
having  pronounced  against  it. 

To  sum  up  the  leading  circtunstanees  opposed  to  the  theory  in  question. 
The  processes  of  the  surface,  both  in  variety  of  character  and  oi  movements, 
are  not  paralleled  in  any  known  simple  cell ;  the  same  may  be  said  of  the 
pedicles  and  branched  stems  of  VbrHcelUna,  and  of  the  sheaths  of  Ophrydina : 
the  presence  of  a  mouth,  and,  according  to  the  descriptions  of  many  exoell^it 
observers,  of  a  discharging  aperture  or  anus,  and  the  involution  of  the  external 
sur&oe  in  the  form  of  an  alimentary  tube,  are  facts  irreconcileable  with  the 
idea  of  a  celL  So,  likewise,  the  beautiful  and  complicated  ciliary  apparatus 
of  the  VortluUina  and  Ophrydina — ^the  existence  of  cells,  or  at  least  of 
veeides,  in  the  interior — ^q  reception  of  external  matters  into  the  general 
cavity,  where  they  are  either  entirely  digested  or  partially  or  wholly  extruded 
again — and,  lastly,  the  activity,  persistence,  and  apparently  voluntary  cha- 
racter of  their  movements,  are  circumstances  without  parallcd  in  the  economy 
of  simple  cells.  In  the  face  of  all  these  discrepancies  in  structure  and  func- 
tion between  the  bodies  of  Ciliated  Protoioa  and  simple  cells— closed  sacs, 
containing  a  nucleus  amid  their  protoplasmic  substance— it  appears  to  us  it 
would  be  a  mere  viedonaiy  notion  to  insist  upon  a  homology  betwixt  tiie  two. 
To  conceive  such  a  thing,  the  accepted  idea  of  a  cell  must  be  set  aside,  and 
replaced  by  so  loose  and  general  a  definition  as  would  be  worthless. 

Without  quoting  their  remarks,  which  is  imcalled  for  here,  the  following 
observers  may,  among  others,  be  cited  in  opposition  to  the  hypothesis  of  the 
unicellular  nature  of  the  Ciliata :  vis.  Leuckart,  Ladmiann,  CHapar^de,  Perty, 
and  Schneider.  Our  coimtryman,  Mr.  Busk,  is,  as  we  gathered  from  his  lec- 
tures, to  be  reckoned  in  the  number. 

OoifDinoKs  OF  Life. — Under  this  head  we  have  to  consider  the  habitats 
of  the  Ciliata,  the  usual  conditions  under  which  they  live,  their  suocessive 
appearance  in  liquids,  the  influence  of  heat  and  cold,  and  of  chemical  agents 
upon  them,  and  their  probable  duration  of  life. 

The  majority  of  the  Ciliated  Protoioa  are  inhabitants  of  fresh  water;  few 
are  marine ;  or  perhaps  it  would  be  more  correct  to  state  that  few  marine 
species  are  known.  Cohn  affirms  that  fr^h  water  acts  as  a  p<»son  and  kills 
the  marine  forms  {Entw.  pp.  132,  133) ;  that  the  several  genera  of  Entero- 
dela  (Ehr.) — Cyelidium^  Parameeittm,  Ewplota,  Oan/iricha,  and  Vorticdla — 
occur  in  watel*  holding  organic  matter  in  solution  or  decomposition ;  and  that 
8tmtor,  Ophrydium,  and  I/xvodes  are  found  only  where  the  water  is  pure  and 
uncontaminated  with  dead  matter.  This  statement  must  not  be  taken  arbi- 
trarily ;  for  among  the  former  series,  specimens  are  constantly  seen  in  water 
free  m>m  appreciable  organic  impurities.  Moreover,  in  all  cases,  the  aqueous 
medium  in  which  the  Ciliata  live  must  contain  a  certain  proportion  of  organic 
materials  (either  living  in  the  tissues  of  minuter  organisms,  or  in  a  state  of 
transition,  commencing  decomposition  or  breaking  up  into  mineral  or  dead 
matter),  from  which  they  can  derive  the  elements  of  their  nutrition. 

Animalcules  indeed,  if  we  may  so  say,  stand  between  the  living  and  the 
dead,  rescuing  the  atomic  fragments  of  organic  matter  which  are  ready  to 
perish  and  to  lapse  into  the  domain  of  dead  matter.  Thus  we  find  them 
constantly  in  infrisions,  either  artificially  made  by  steeping  animal  or,  more 
particularly,  vegetable  substances  in  water,  or  naturally  occurring  in  ponds 
and  ditches  containing  growing  aquatic  plants  or*their  detached  portions,  or 
in  the  turfy  hollows  of  commons  and  bogs.  At  times,  indeed,  the  water  in 
which  they  occur  appears  to  the  eye  almost  pure,  and  free  from  extraneous 
matters ;  but  a  closer  examination  will  prove  it  to  be  inhabited  by  multitudes 
oi  monadiform  existences,  of  minute  plants,  DesnUdieo!,  DiatomecB,  NostoekmecB, 
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Ccfi^ferwBy  and  AlgcBj  which  are  diffaaed  thromghout,  or  float  upon  the  anr&oe, 
or  Ktnn  a  stratam  at  the  bottom. 

The  attached  forma  find  appropriate  habitats  apon  the  stems  of  aquatie 
plants,  and  yery  commonly  npon  the  sorboe  of  varions  animals  living  in 
water ;  for  instance,  on  the  shells  of  Mollnsca,  soch  as  the  water-snails,  and 
on  the  surfiM»  of  the  Entomostraca.  A  few  species  find  a  suitable  locality 
witiiiin  the  interior  of  larger  animals,  of  which,  therefore,  they  are  esteemed 
the  parasites, — a  fieust  illustrated  in  the  genus  Bwrsaria.  This  subject  of  the 
habitats  of  the  several  genera  needs  not  here  to  be  enlarged  upon,  since  it 
recors  again  and  again  in  the  generic  and  specific  descriptions  of  the  systematio 
divisioti  of  our  work. 

The  (Sliata  do  not  so  frequently  constitute  the  colouring  ingredients  in 
water  as  do  ilie  Phytoioa.  Nevertheless  there  are  several  species  which 
make  their  presence  known  by  their  colour,  either  when  collected  in  a  stratum 
upon  the  sur£EU^  of  plants  or  of  the  water,  or  when  generally  diffused  in  a 
small  pooL  Thus  Stentar  polynwrphnu  and  VorHceUa  MorosU^ma  coat  the 
stems  of  aquatie  plants  green,  whikt  several  species  of  ForftceZ^ina  cover  thran 
as  with  a  bluish-milky  film,  and  Stentor  aureus  with  an  orange-coloured  in- 
dnvium.  Bunaria  vemdliSy  Traehdoeerea  viridis,  CoUps  idrldu,  Oiaueoma 
piridis,  and  Parameciwn  ChrysdUa  are  found  dispersed  through  the  water — ^the 
four  first  imparting  to  it  a  green,  the  last  a  milky  tint.  The  greenish  masses 
of  Ophrydium  versatile  at  times  float  on  ilie  sur&ce,  driven  about  by  the 
win^  and  at  others  are  attached  to  the  tendrils  of  roots  and  to  the  stalks  of 
aquatic  plantB. 

The  distinct  ccdours,  such  as  green,  yellowiah-red,  and  orange-brown,  are 
in  aQ  cases,  we  believe,  not  essential  to  the  animalcules  ezhibituig  them,  but 
due  to  the  food  they  swallow,  and  to  its  changes  in  course  of  digestion. 
These  changes,  as  affecting  the  colour,  have  been  illustrated  in  a  preceding  page 
(p.  310)  in  the  instance  of  Bursaria  vemaUs,  for  which  the  ChUodon  omatm 
mi^t  have  been  substituted.  Moreover,  in  Nassvla  the  reddish-blue  or  violet 
i^ots,  conceived  to  be  ^ands  by  Ehrenberg,  are  apparently  the  product  of  di- 
gested OscOkOorkB  (p.  312). 

SirccsssiOK  OF  Spbciss. — ^If  a  fluid  containing  Infusoria  be  examined  from 
time  to  time  over  a  considerable  period,  it  will  be  found  that  certain  species 
disappear,  and  are  replaced  by  others  not  before  found  in  it.  This  succession 
of  forms  in  the  same  liquid  has  been  remarked  from  the  earliest  period  of 
microscope  research,  and  has  been  the  fruitful  source  of  the  wildest  theories 
of  the  metamorphoses  of  Infusoria.  Succeeding  animals  have  been  forth- 
with ccmduded  to  be  the  transformed  states  of  previous  ones,  however  vdde 
tiie  dissimilarity  between  them :  no  intermediate  phases  or  transitional  changes 
have  been  watched;  but  the  conclusion  that  the  one  is  derived  from  the 
other,  has  been  jumped  at  without  reserve.  Borne  theorists  have  even  pro- 
ceeded frirther,  and,  like  Unger,  believed  in  the  transformation  of  vegetable 
into  animal  life,  or,  like  Laurent  and  Gros,  have  imagined  the  conversion  of 
miuCTal  matter  into  organized  animalcules,  and  these  last  into  beings  of  still 
higgler  position  in  the  animal  scale,  such  as  Annelida  and  Crustacea. 

A  partial  explanation  of  the  succession  of  animal  forms  in  a  collection  of 
water  is  to  be  found  in  the  following  facts : — 

First,  no  vessel  of  water  of  ordinary  dimensions  can  be  so  thoroughly  ex- 
amined but  that  some  animalcules  may  be  overlooked ;  the  same  accident  will 
happen  still  more  frequently  with  their  minuter  germs  or  embryonic  condi- 
tions, or  with  their  encysted  state.  The  earliest  phases,  again,  may,  in  their 
transient  form,  very  nearly  resemble  certain  known  independent  species,  and 
be  readily  mistaken  for  them,  or  ev^i  for  encysted  simple  j^ts.    So,  also,  por- 

^  B  ib 
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tions  of  plants,  small  aquatio  animals,  organic  d^iis,  and  oth^  sabstanoes  in 
the  water  may  conceal  in  their  cavities  or  interstices  either  mature  animalcules 
or  their  immature  or  encysted  forms.  Farther,  we  know  the  air  to  be  per- 
meated by  animalcular  life ;  that  every  wind  wafts  organized  beings,  tor  the 
most  part  in  an  encysted  state,  together  with  germs  and  spores,  animal  and 
v^etable,  to  and  iro ;  and  every  exposed  collection  of  water,  unless  protected 
by  the  most  careful  and  complex  contrivances,  must  perpetually  receive  fresh 
colonists.  Now,  among  all  tiiese  mature,  encysted,  immature,  and  embryonic 
inhabitants  of  a  portion  of  water,  existing  in  it  when  first  submitted  to  obser- 
vation, or  subsequently  introduced  into  it  from  without,  there  must  neces- 
sarily be  a  constant  change  in  their  relative  abundance,  and  even  in  thdr  con- 
tinued existence  in  it.  Mature  individuals  may  die  out,  be  devoured  by  other 
animals,  or  be  otherwise  destroyed  before  midtiplying  themselves,  or  may, 
by  encysting  and  reproduction,  develope  beings  of  a  different  general  character^ 
1.  e.  undergo  a  real  transformation ;  encysted  beings  may  mei^  into  Hfe, 
immature  and  embryonic  forms  take  on  iheir  perfect  conformation ;  hidden 
organisms  may  come  out  from  their  concealment ;  or  the  new  ones  borne  by 
the  air  may  manifest  themselves ;  and  in  these  and  other  conceivable  ways 
new  series  of  inhabitants  may  make  their  appearance  on  the  scene. 

Lastly,  the  succession  of  species  is  greatly  influenced  by  the  changing  con- 
ditions 6f  the  water  and  its  contents,  by  atmospheric  conditions — cold,  heat, 
and  electricity,  and  the  moisture  or  dryness  of  the  air.  All  the  facts  collected 
under  the  head  of  Habitats  indicate  the  mutual  relations  between  the  appear- 
ance of  certain  animalcules  and  the  presence  of  particular  plants  or  even  of 
certain  animals,  or  the  existence  or  absence  of  decomposing  organic  matter. 
We  have,  moreover,  so  to  speak,  carnivorous  and  herbivorous  Giliata,  each 
and  all  severally  requiring  their  special  nutritive  elements  in  the  water. 
From  these  circumstances  it  is  evident  that  particular  species  will  disappear 
when  the  conditions  favourable  to  them  fail,  to  be  in  all  probability  replaced 
by  others  to  which  the  change  is  favourable  and  necessary ;  for  instance,  the 
vegetable  feeders  will  decrease  and  disappear  when  the  minute  plants  on 
which  they  feed  are  consumed ;  so  those  animals  requiring  pure  water  will  die 
out  when  decomposing  organic  matters  multiply,  and  will  be  replaced  by  the 
forms  which  delight  in  their  presence,  but  have  remained  undeveloped  untfl 
the  conditions  favourable  to  their  existence  are  brought  about.  The  little 
Coleps  (to  give  a  particular  illustration)  delights  in  the  eggs  and  contained 
substance  of  Entomostraca,  and  makes  its  appearance  in  company  with  those 
animals,  without  which  it  is  only  occasionally  seen.  And  it  remains  to  be 
noted,  tiiat  unless  an  animalcule  is  duly  supplied  with  appropriate  nourish- 
ment, its  reproductive  powers  remain  in  abeyance,  and  consequently  its  whole 
race  may  vanish  from  this  cause. 

A  particular  example  of  the  succession  of  species  may  be  quoted  from 
Crohn's  essay  on  Beproduction  of  Infusoria  (Zeitsehr.  1851,  p.  ^8).  In  a 
vessel  containing  decomposing  Spirogyra,  at  first  appeared  countless  sped- 
mens  of  Farameciwn  Aurelta ;  these  were  replaced  by  the  ProteuM  of  ^iker, 
either  the  Lacrymaria  Proteus  or  the  Traehdocerea  Ohr  (Ehr.) ;  these  in 
their  turn  were  followed  by  ChUodon  OuouHiUus,  and  after  a'  few  days  by  a 
Colpoda ;  afterwards  large  Euphtes  with  prominent  green  globules,  probably 
a  new  species,  and  lastly,  colourless  specimens  of  Euplotes  Charon,  exhibited 
themselves, — all  these  species  following  each  other  in  succession  in  the  course 
of  three  weeks,  a  new  form  appearing  on  the  decline  of  a  preceding,  attaining 
its  maximum  in  number,  and  tiien  decreasing  in  its  turn  to  make  room  for  the 
next  in  the  series.  Moreover,  this  excellent  observer  remarks  that  a  fntnilftr 
succession  is  observed  in  the  case  of  microscopic  plants,  such  as  OseiUaiaria, 


Digitized  by  VjOOQ IC 


OF  TEB  PB0T020A. CILIATA.  373 

BrBATioir  07  Lm. — ^Wbat  this  may  be  among  the  Oiliata  is  little  known  to 
Q8.  ^'The  Infbsoria  have  a  comparatively  long  life  "  was  one  of  the  general  facts 
ennneiated  by  Ehrenberg.  Under  favourable  conditions  certain  species  have 
been  known  to  live  four  or  five  weeks.  This  applies  to  them  only  in  one  phase 
of  ezistenoe,  viz.  that  which  we  regard  as  the  normal  and  mature  one.  But 
when  we  take  into  consideration  the  encysting-process  as  an  act  of  conserva- 
tiony  we  are  compelled  to  assign  them  a  duration  of  life  of  a  very  much  longer 
range ;  for  by  its  means  the  Ciliated  Protozoa  are  preserved  in  a  quiescent, 
torpid,  or  hybemating  state,  not  only  over  periods  of  drought  when  tiie  ponds 
eontaining  them  may  be  dried  up,  but  also  during  the  entire  winter. 

Further,  by  the  medium  of  fission  and  gemmation,  the  existence  of  the 
animalcule  is  prolonged  or  perpetuated  through  all  the  multiplied  series  of 
divisions  and  subdivisions  and  of  gemmation,  primary,  seconds^,  and  multi- 
fold, until  tiie  chain  is  broken  by  a  sexual  act  of  generation,  and  the  being 
pmshes  in  the  production  of  its  of&piing. 

The  resuscitation  of  Infusoria,  after  apparent  death,  forms  a  chapter  in 
Ehrenberg's  great  work ;  but  the  facts  discussed  have  littie  or  no  bearing  on 
tins  group  of  Ciliata ;  and  the  marvel  formerly  attaching  to  the  subject  is  much 
diminished  by  our  knowledge  of  the  phenomena  of  encysting,  whether  for  the 
purpose  simply  of  self-preservation  or  the  carrying  out  of  ^e  process  of  de- 
velojHuent, 

Ikpluencb  of  Extebhal  Aobhts.  Hkat  and  Cold. — ^The  Ciliata  can  sup- 
port very  considerable  variations  of  temperature.  Even  in  winter,  beneath 
the  ice,  various  species  may  be  found  still  living.  Ehrenberg  telk  us  that 
Vordedla  mierostama  will  live  after  being  exposed  to  a  temperature  of  BP 
Fahr.,  and  the  ice  gradually  thawed ;  in  fact,  however,  not  more  than  one  in 
a  hundred  will  survive  this  process.  Below  this  temperature  none  can  live. 
The  same  is  true  of  Paramecium  Aurelta,  Cydidium  Glaucoma,  Glaucoma 
BcmtUlans,  and  Colpoda  OucuUus.  When  deatii  is  caused  by  cold,  no  rupture 
or  injury  of  the  body  is  perceptible,  except  in  the  case  of  Chilodon  OucuUultu 
and  some  few  other  species,  which  are  frequenUy  quite  disintegrated  and  dis- 
persed. Stentor  polymorpTnu  and  8.  MvlUri  will  not  live  many  hours  at  a 
temperature  of  9°  Fahr. ;  and  arborescent  VorticeUa,  subjected  to  the  same 
degree  of  cold,  faU  fh)m  tiieir  stems  and  die. 

Periy  gives  a  list  of  about  40  species  of  Ciliata  which  he  found  in  Switzer- 
land during  the  cold  of  winter,  breath  the  ice ;  we  name  a  few  as  a  guide  to 
investigators : — Ooleps  Mrtus  (often  without  a  shell),  C.  inermis  ;  Oxytricha 
pelUoneUa,  0.  eaudata,  0.  jprisca,  0.  gibba ;  PleuroTwma  craasa ;  Buplotes 
ttriatus;  VorticeUa  paUQina;  Stentor  EoseUii;  Paramecium  Colpoda,  P. 
vtrmOmn,  P,  leucas;  TraehdiuB  Anas,  T.  Lamella,  T.  MeUagris  ;  Trachelocerea 
Olor  ;  Cflaucoma  fdntiUans  ;  Lacrymaria  rugosa  ;  Enchdys  Farcimen  ;  Chilo- 
don CueuUulus  ;  Spirostomum  amhiguum  ;  Amphilepius  Fasdola,  &c. 

Ehrenbei^  affirms  that  when  animalcules  are  frozen  in  ice,  they  are  as  it 
were  lodged  in  a  little  cavity,  and  surrounded  by  water.  This  circumstance 
he  imagined  to  be  due  to  their  animal  heat, — an  explanation  too  improbable 
to  be  admissible ;  and,  if  the  observation  be  correct,  it  must  give  place  to  some 
otiiier. 

Bespecting  the  effects  of  cold,  it  is  a  general  law  of  the  Ciliata,  that  their 
nmnbers  rapidly  HiTniTn'ab  when  winter  sets  in,  and  that,  on  the  contrary, 
t^iey  rapidly  augment  so  soon  as  the  warmth  of  the  sun  in  spring  manifests 
itself,  and  continue  to  increase  in  number  and  variety  until  the  height  of 
summer  is  passed. 

Their  endurance  of  heat  is  almost  equally  extraordinary  as  that  of  cold. 
Some  are  found  in  hot  springs :  thus  Perty  found  specimens  in  the  hot  springs 
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of  Leuk,  at  a  temperature  of  about  80^;  and  Ehrenberg  heated  water  gradu- 
ally to  120°  Fahr.,  when  Colpoda  OucuUub  and  Ch^odon  CfueuUulus  surrived. 

Necbssitt  op  Am. — ^The  water  which  Ciliata  inhabit  must  be  duly  aerated 
to  support  their  existence,  as  is  shown  by  the  experiment  of  pouring  a  layer 
of  oil  on  the  top  of  a  vessel  of  water  containing  them,  and  by  their  disap* 
pearance  from  a  bottle  which  has  been  kept  too  long  corked. 

They  decrease  in  number  and  variety  after  water  has  been  kept  for  some 
time  in  the  house,  even  though  it  remains  sweet ;  this  is  probably  due  in  part 
to  the  more  stagnant  atmosphere  and  the  consequent  diminished  admixture 
of  air  with  the  water. 

Chemical  Aqents.  Elegtcbicitt  aitd  Galvanism. — ^For  chemical  substances 
to  act,  they  must  be  soluble  in  the  water.  8ea-water  is  generally  more  or 
less  speedily  fatal  to  fresh-water  species ;  and,  on  the  other  haoid,  fr-esh 
water  is  destructive  to  marine  species,  especially  when  the  change  of  medium 
is  sudden.  However,  some  species  are  common  both  in  sea-  and  in  spring- 
water  ;  and  there  are  others  living  in  brackish  water  which  can  readily  ac- 
commodate themselvee  to  a  change  of  habitation. 

There  are  also  substances,  such  as  sugar,  which,  although  not  in  them- 
selves poisonous,  are  damaging  to  animalcules,  probably  by  causing  an  in- 
jurious alteration  in  the  density  of  the  water.  Other  substances,  having 
active  properties  as  poisons  to  animal  life  at  lai^,  such  as  oorrosive  subli- 
mate, strychnine,  arsenic,  and  the  Hke,  are  also  poisonous  to  animalcules. 
Beference  has  been  made  to  several  chemical  compounds  which,  by  reacting 
variously  on  the  tissues  of  animalcules,  are  employed  for  the  purpose  of 
demon8ti*ating  points  in  their  organization:  such  are  acetic  acid,  alcohol, 
tincture  of  iodine,  solution  of  potassa,  <fec.  The  last  acts  as  a  solvent,  caus- 
ing diffluence,  as  Hr.  Addison  pointed  out  some  years  since  (A.  N.  H.  1843, 
xii.  p.  101). 

Of  the  effects  of  electricity,  galvanism,  and  magnetism,  we  know  little :  ex- 
periments with  these  forces  are  few  and  imperfect.  Ehrenberg  collected  the 
accounts  of  several,  among  which  are  the  following : — ^A  shock  from  a  Leyd^- 
jar  charged  with  twenty  sparks  from  an  electrophorus  having  a  resinous  plate 
7^  inches  square,  and  a  collector  5^  inches,  suddenly  killed  Stmtor  mger, 
8t,  awreuSy  and  AnvphiUptus  moniUger,  The  bodies  of  Ophryoglena  atra  and 
Stentor  polymorphtu  were  entirely  dissipated  by  it,  as  were  also  those  of 
EpiityUs  flavkans,  after  having  first  been  thrown  from  their  stalks.  It 
generally  required  two  such  sheiks  to  kill  the  PararMtium  Aurelia.  When 
tiie  electrical  current  passed  near  and  not  through  them,  their  movements  ap- 
peared unsteady.  Electricity  slowly  produced  has  a  more  powerful  effect  than 
in  the  form  of  rapid  shocks ;  and  when  either  it  or  the  magnetic  curroit  de- 
composes the  water  in  which  the  animalcules  are,  then  d^th  is  a  necessary 
consequence. 

Mr.  Rood  (SUl,  Joum.  1853,  xv.  p.  71)  has  experimented  more  recently, 
and  states  that,  when  a  feeble  galvanic  current  is  passed  through  water  con- 
taining Paramecia,  the  animals  are  brought  to  a  stand-still,  particnlariy  in 
the  neighbourhood  of  the  negative  pole,  and  after  revolving  for  a  time  on 
their  own  centres,  entirely  cease  to  move ;  ciliary  action  is  also  arrested,  and 
diffluenoe  quickly  ensues. 

On  the  subject  of  the  operation  of  chemical  reagents  on  Protozoa,  or,  strictly 
speaking,  on  Paramecia,  with  which  he  chiefly  experimented,  Mr.  Kood  has 
the  following  remarks : — ^Alcohol  stopped  their  motion,  coagulated  ilieir  con- 
tents so  that  they  shrunk  within  their  integument,  and  caused  speedy  death. 
Phosphate  of  soda  killed  in  a  few  minutes ;  and  Epsom  salts,  the  ammonio- 
chloride  of  mercury,  acetate  of  lead,  and  perchloride  of  mercury  destroyed 
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life  instantly.  Gjanide  of  potasniim  did  the  same,  prodndng  at  the  same 
momeat  raptoie  of  the  integnment  and  the  dischaige  of  the  contents.  On 
adding  a  quantity  of  oxalate  of  ammonia  to  the  water>  a  stupefying  effect  at 
onoe  fellows^  but  after  a  few  minutes  the  animalcules  revive^  and  death  does 
not  result^-At  leasts  not  for  some  hours.  lilcewise,  neither  fenocyanide  of 
potassium  nor  neutral  chromate  of  potash  kills — at  least,  not  under  several 
hoon.  This  last-named  faet  suggests  the  possibility  of  chemically  injecting 
or  impregnating  animalcules,  whilst  still  Hying,  witifi  a  mixture  of  suitable 
reagents  to  produce  coloured  precipitates  which  might  serve  in  demonstrating 
thfiir  internal  structure. 

QsoGBAFHiOAi;  DisTBiBXJTioir. — We  know  as  yet  of  no  special  laws  of  geo- 
graphieal  distribution  of  the  CSliated  Protozoa ;  and  a  long  time  must,  we 
fear,  elapse  ere  the  waters  of  the  earth  are  sufficiently  expk>red  to  warrant 
even  an  approximative  sketch  of  such  laws.  Wherever  on  thia  globe  we 
may  seek  for  these  animalcules,  they  are,  it  seems,  to  be  found — even  the 
same  femiHes,  genera,  and  species ;  and  if  our  present  knowledge  leads  us  to 
define  particular  localities  for  particular  species,  it  amounts  to  little  more 
than  stating  that  they  have  there  arrested  the  attention  of  some  observer  or 
observers,  and  have  been  overlooked  or  searched  for  at  the  wrong  season,  or 
mder  unfevoorable  circumstances,  in  other  places.  For,  as  our  remarks  on 
tiie  suecession  of  species  imply,  the  animalcules  present  in  any  collection  of 
water  one  week,  may  be  in  vain  searched  for  tiie  next ;  and  the  inhabitants 
of  a  pool  or  stream  of  one  season,  or  of  one  year,  may  be  exchanged  for 
others  tiie  next.  Although,  therefore,  laws  of  geographical  distribution 
are  wanting,  yet  we  may  be  very  much  guided  in  our  search  for  particular 
genera  and  species  by  a  knowledge  of  ^eir  habitats  and  of  the  conditions 
which  prove  most  favourable  to  their  existence. 

fiince  the  whole  framework  of  Giliata  is  sooner  or  later  destructible  by 
diiBuenoe,  their  ooeunrenee  in  a  fossil  c<mdition  is  not  to  be  looked  for. 

Apfumus  ov  THB  CiLiAiiD  Pju)tozoa  with  otheb  Animais. — Begarding 
as  we  do  the  dganization  of  Ciliated  Protozoa  as  belonging  to  a  iype  ttd 
gmmMy  their  affinities  witli  other  animals  partake  rather  of  a  general  than 
of  a  particular  character.  They  possess  an  affinity  with  Ehizopoday  Gre^ 
garimdOf  and  SpongiUa^  with  OpaUnoBay  Polypes,  and  with  many  Ph3rtozoa, 
such  as  RtglemB,  in  the  nature  of  their  contractile  substances  or  sarcode ; 
also  with  me  first  and  last-named,  in  the  presence  of  one  or  more  contractile 
vesdes.  Multiplication  by  fission  is  also  common  to  those  several  tribes,  and 
that  by  gemmation  to  VorHeeUina,  Cphrydina,  and  Polypes ;  lastly,  they 
agree  wi^  the  Bhizopoda  and  Polyoystina  in  the  process  of  dissolution  by 
dHHoence.  In  the  process  of  encysting,  also,  they  are  related  with  the  Opa- 
Unaa  and  Fhytozoa,  with  some,  at  least,  <^  the  Bhizopoda,  and,  in  general 
chaiacters,  with  the  Oregaritdda, 

Of  the  mutual  relations  between  the  Giliata  (CpdUncBa,  Qregarimda)  and 
Bhizopoda,  we  shall  have  further  occasion  to  speak.  But  the  Giliata  are 
also  allied  to  the  Botifera  by  the  <hilmou8  ocmstitution  of  their  integnment, 
by  being  moved  chiefly  by  <nlia,  and  more  closely  so  through  certain  femiHes, 
«.  <jr.  the  VariicMna  and  Ophrydina,  which  have  a  frontal  ciliary  mftftba-niRm 
iqypioaching  in  structure  tiiat  of  the  rotary  apparatus.  60,  again,  in  some 
general  feiU;ures,  the  sheathed  Ophrydiiia  (e.  g.  Vagimcola)  may  be  assimi- 
lated with  the  encased  Botatoria,  such  as  Castes  and  Conochilus.  Lastly, 
by  means  of  tiie  IMhydina  an  additional  link  is  established  between  these 
twodasses,  and  also  between  them  and  the  TurheUaria;  for  some,  as  Bchultze 
(Molkr's  Arddv,  1853,  p.  241),  seem  disposed  to  range  the  lehthydina  with 
the  last-named  femily.   A  homology  may  be  perceived  between  the  hardened 
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integ:iiment,  with  its  unciiii;  styles,  and  sets,  in  sach  forms  as  CoUp$  and 
Et^htes,  and  the  coyering  and  appendages  of  Entomostraca  and  of  some  in- 
ferior Annelida ;  and  some  would  note  the  similarity  in  movements  between 
OoUps  and  Daphnia. 

llirough  the  VorticeUina  a  relation  is  established  with  the  Bryoioa  or 
dlio-bradiiate  Polypes — one,  indeed,  which  some  naturalists  (Agassiz,  for 
instance)  affirm  to  be  so  intimate,  that  the  two  families  should  be  placed  to- 
gether in  the  same  group. 

Lastly,  there  is,  in  the  case  of  many  Ciliata,  a  yery  dose  apparent  affinity, 
almost  amounting  to  identity  (at  least,  so  far  as  form  is  concerned)  be- 
tween them  and  certain  embryonic  stages  of  other  animals, — for  exam^de, 
of  PlanaruB  and  of  several  of  the  lowest  among  the  Vermes.  It  is  possible, 
indeed,  that  some  of  the  presumed  independent  Ciliata  are  nought  else  but 
larval  conditions ;  but  unless  this  can  be  shown  by  direct  observation  of  t^eir 
devebpment  and  transformation,  they  must  be  still  retained  in  their  present 
place.  The  group  represented  by  Bursaria  and  Parameeiwm  are,  as  Agnfl«i« 
(A,  N.  H,  l&O,  vol.  vi.  p.  156)  asserts  he  has  satisfied  himself  by  direct  in- 
vestigation, no  other  than  germs  of  fresh-water  worms,  *^  some  of  which,"  he 
writes,  '*  I  have  seen  hatdied  from  eggs  of  Planaria  laid  under  my  e3re6." 
To  this  assertion  Mr.  Girard  assents  (Proeeedinga  of  American  As90ciatum, 
1848,  p.  402).  However,  there  is  one  caution  to  be  borne  in  mind  in  seeking 
to  establish  tiie  unity  of  certain  supposed  specific  forms  and  known  embryonic 
phases  of  any  animals — ^viz.  not  to  confound  general  resemblance  with  specific 
identity.  For,  notwithstanding  the  former  may  be  very  distinct  and  dose, 
this  is  not  enough  (as  the  history  of  development  of  the  higher  ftnimftlip 
teaches  us)  while  there  is  aught  wanting  in  the  image,  to  render  it  an  exact 
counterpart  of  the  original,  identical  in  land  with  it. 

The  above  offers  a  general  sketch  of  the  most  evident  affinities  of  the 
Ciliata.  By  the  exerdse  of  the  imagination  directed  simply  to  external  form, 
these  might  be  greatiy  multiplied :  this,  however,  would,  instead  of  advancing 
our  knowledge,  lead  only  to  misconceptions. 

Classification  of  the  Ciuated  Protozoa. — ^Among  the  many  heteroge- 
neous groups  of  beings  which  have  at  a  previous  period  been  assembled  under 
the  name  of  Infrisoria,  or  other  terms  tantamount  to  it,  that  of  the  ciliated 
animalcules  has  been  more  or  less  clearly  distinguiBhed  from  the  rest,  and 
has  received  much  attention  from  the  several  propounders  of  schemes  of  das- 
sification.  However,  as  our  knowledge  of  the  Ciliata,  both  with  respect  to 
the  number  of  known  species  and  to  their  minute  organization,  on  which 
alone  any  correct  classification  can  be  based,  has  been  so  greatiy  extended 
during  the  last  few  years,  it  would  be  useless  to  describe  the  various  systems 
which  were  suggested  when,  as  we  may  say,  thia  branch  of  natural  history 
was  in  its  infimcy. 

We  shall  therefore  omit  all  notice  of  any  systematic  arrangement  of  the 
Ciliata  prior  to  that  proposed  by  Ehrenberg.  Now,  although  this  arrange- 
ment is  very  imperfect  and  incorrect,  and  founded,  moreover,  upon  certain 
views  of  their  organization  now  generally  rejected,  yet,  as  it  was  the  system 
adopted  in  previous  editions  of  this  work,  and  will  be  generally  followed  in 
the  present  one ;  and  as,  moreover,  no  other  classification  can  lay  claim  to 
such  completeness  and  accuracy  as  to  command  its  adoption  instead,  it 
behoves  us  to  detail  its  principal  features.  Besides  this  distribution  of  Ciliata, 
suggested  by  the  great  micrographer  of  Berlin,  there  are  three  others  it 
will  be  necessary  to  describe  in  tliis  place,  severally  proposed  by  Dujardin, 
Biebold,  and  Perty.  Of  these,  however,  it  will  only  be  necessary  to  present 
the  outline  as  given  by  their  respective  authors,  since  the  examination  of  the 
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oharacterBy  limits,  and  nratnal  relaticms  of  the  fiumli«8  described  will  form 
the  sobject  of  the  Systematic  portion  of  this  work. 

The  Ciliata,  in  our  meaning,  are  very  nearly  the  same  beings  that  £hren- 
berg  called  ErUerodela,  or  Polygastrka  fhinifihed  with  an  intestine  connecting 
together  their  stomach-sacs.  A  diviBion  of  the  Enterodela  was  made,  accord- 
ing to  the  mutual  relation  in  position  between  the  two  orifices  of  the  body — 
the  mouth,  and  anus  or  discharging  vent — ^into,  1st,  Anopisihia,  in  which  the 
intestine  is  so  curved  on  itself  that  its  two  ends  unite  together  in  a  common 
aperture ;  2,  Enantioireta,  having  an  oral  opening  at  one  extremity,  and  the 
anal  at  the  other,  t .  e,  opposite  to  each  other ;  3,  AUotreta,  witik  the  two 
onfices  placed  obliquely  with  reference  to  one  another ;  and  4,  Catotreta, 
with  both  situated  on  one  surfiace— the  abdominal.  The  subjoined  tabular 
view  will  display  these  divisions,  and  also  their  subdivision  into  families. 

We  have  depeji;ed  from  this  arrangement  of  Ehrenberg  chiefly  by  omitting 
a  few  genera  and  species,  viz.  AeHnapTurySf  Triehodisctu,  and  Podophrya 
among  tiie  EneheUa,  and  some  species  or  Burtaria  from  the  Traehelinay  and 
also  by  adding  several  new  genera  and  families.  Concerning  the  necessity  of 
detaching  the  AeHnophrys  and  its  two  congeners  frt)m  the  Enchelia,  no  doubt 
can  be  entertained  when  their  structure  comes  to  be  considered ;  we  have 
thrown  them  together  into  one  fiEunily  under  the  name  of  Adiriophtyina 
(p.  243),  and  have  brought  them  and  the  peculiar  beings  known  as  Acinetina 
(p.  258)  together  as  two  subdivisions  of  Bhizopoda.  The  peculiar  parasitic 
Bursarias  without  mouth  constitute,  with  some  similar  ciliated  mouthless 
beings,  a  subdivision  of  the  Ciliata,  standing  in  near  relation  with  Oregari'- 
mday  and,  in  some  measure,  intermediate  b^ween  the  Ciliata  and  Bhizopoda. 
Lastly,  we  have  removed  the  Ichthydina  frt>m  the  Botatoria,  and  treated  them 
as  a  subclass  of  Ciliata.  The  additional  families  and  genera  we  shall  not  here 
specify,  but  must  direct  the  reader  forinformation  to  the  systematic  descriptions. 

The  Mlowing  tabular  view  represents  Ehrenberg's  classification. 

BBCnOHB.  riMILISS. 

f    One  reoeiying  \ 

and  diflduurgiiig  I  illorioated    YortioeUiiuL 

oriiioe  only  for  V 

notrition.       [  loricatod Ophrydina. 

"^^Z^-    jaioricted    EnoheB.. 
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U 


obliquely. 
AUotreta, 


Orifioes 
abdominal 
Catotreta, 


loricated ABpidifldna. 

f  looomotiTe  organs,  dlia Eolpodea. 

illorioated    'I 

[ various OxytriohinA. 


^loricated Euplota. 

Bujardin's  distribution  next  claims  attention.  Having,  as  we  have  seen, 
entirely  rerjected  Ehrenberg's  polygastric  hypothesis,  and  at  the  same  time 
failed  to  recognize  many  important  points  of  internal  organization  now 
well  established,  he  had,  to  constnict  his  system,  recourse  to  external 

Digitized  by  VjOOQ IC 


378  GENBEAL  HI8T0ST  OF  THB  IHTUSOBIA. 

characters  only — ^to  the  presence  or  absence  of  locomotive  organs,  to  tlie 
characters  of  those  organs,  to  the  nature  of  the  external  sor&ce,  whether 
protected  by  an  integument  or  not,  or  defended  by  a  lorica,  to  the  general 
conditions  of  attachment  of  fixed  forms  to  other  objects,  and  to  the  dia- 
racter  of  their  movements  when  free.  Moreover,  his  Ciliated  Infosoria  oom- 
prised  not  only  our  group  of  Ciliated  Protozoa,  but  also  the  Fhytozoa, — the 
VHbrionia  only  excepted ;  for  he  made  no  distinction  between  organisms  moved 
by  a  sin^e  or  few  filaments,  and  those  moved  by  vibratile  cilia  generally  dis- 
tributed, or  associated  together  in  the  construction  of  spedal  locomotive  oi^^ana. 

In  his  tabular  view,  i£e  beings  we  have  brought  tc^ther  under  the  appd- 
lation  of  CSQiata  are  all  comprehended  in  the  fourth  and  fifth  orders  of  Infki- 
soria,  with  the  exception  of  CoUps  and  the  lehthyditia,  which,  in  his  opinion, 
belong  to  a  type  of  structure  difEering  from  all  oihers  reckoned  by  him  as 
Infusoria,  in  being  symmetricaL 

The  accompanying  outHne  of  this  system  of  Bujardin  will  sufficiency  iUiis- 
trate  it  at  present,  without  frirther  remarks  on  the  value  either  of  the  prin- 
ciples he  has  adopted,  or  of  the  fiunilies  and  genera  he  has  instituted. 

DUJABDOTS  CLASSIFICATION  OF  CTTJATA. 

Ordor  lY . — Ciliated  aniinftlmil<w  without  a  oontraotile  intpgoinflnt  AH  swimmen. 

A.  Naked. 

Fam,  11.  Ench^WenB,  without  month;  dlia  disjxMed  without  order. 

12.  Trichooieiui,  with  the  mouth  either  TiaUe  or  indicated  hj  a  fringe  of  cfliA*  with- 

out chrhi 

13.  K^roniena,  wtth  a  mouth  and  a  fringe  of  oilia,  to|;ether  with  aome  oirrfai  or 

strong  cilia  in  the  form  of  stylea  or  unoim. 

B.  LOBICATBD. 

Faf^  14.  FlcBsooniens.  Lorioa  or  shield  diffluent  or  decomposable  like  the  rest  of  the  hodj, 
15.  Ihrviliens.    Lorioa  genuine  and  persistent    A  snort  pedicle. 

Order  Y. — Ciliated  animalcules  provided  with  a  lax,  reticulated,  and  contractile  integu- 
ment; or  haying  their  cilia  so  arranged  in  regolar  linear  series  as  to 
dmote  the  presence  of  an  integument. 
A.  Always  fbbb. 
Fam.  16.  Leucophryens,  without  a  mouth. 

17.  Faram^ciens,  witii  a  mouth  but  no  prominent  row  of  oilia. 

18.  Bursariens,  with  a  mouth  and  a  prominent  row  of  dlia. 

B. — ^ElTHSB  yOLUKTABILT  ATTACHED  OB  FIXED  BT  THB  MEDIUM  OV  OBOAVS. 

Fam,  19.  Uro^olariens,  yoluntarily  attached. 

20.  YortioeUiens,  attached  at  least  temporarily  either  by  their  organa  or  by  tcmie 
part  of  their  body. 

Stmmbtbical  Ibfubobia. — Of  seyeral  trpea  without  mutual  relations. 
Flanariola.    Coleps.    CSuetonotus.    idathydium. 

With  the  ezoeption  of  the  family  Leucophryens,  which  is  neaily  equiyalent 
to  our  subgroup  CpaUnasa,  and  of  the  genera  PUmariola,  CTickonotus,  and 
IckOiydiwofi  (the  two  last  constitute  our  fGunily  lehihydind),  all  the  oth^ 
families  and  genera  are  members  of  our  class  of  Ciliata,  and  are  described  in 
the  Systematic  portion  of  this  wori^. 

Frof.  Siebold  (Anatomie  der  WirheUosen  Thiere)  agreed  with  Dujardin  in 
rejecting  the  Folygastrica  of  £hrenbffl:g  as  a  class,  and  at  the  same  time  em- 
ployed the  term  Infusoria,  applied  after  Ehrenbei^s  example  to  a  multitude 
of  various  organisms  both  animal  and  vegetable,  to  designate  a  compaiatividy 
limited  group.  To  this  restricted  use  of  the  term  we  have  already  objected 
(p.  199) ;  we  will  now,  therefore,  proceed  with  the  classification  in  question. 
8iebold*s  Infusoria  included  all  those  microscopic  organisms,  ezdurive  of  the 
Bhizopoda,  of  supposed  animal  nature,  whether  possessing  a  mouth  mt  not 
Of  these  he  made  two  classes :  one  named  Astomay  the  other  Stomatoda,  the 
latter  equivalent  to  our  Ciliata.    The  following  tabular  outline  is  preecuited 
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by  Siebold,  without  any  comments  on  the  oharaeten  and  <iititin#»fa'mm  oi  the 
aeyeral  families,  which,  however,  agree  in  general  with  those  instituted  by 
Ehrenbeig,  the  most  striking  departure  being  the  exdusion  of  Cphn^oeerdna 
and  Aipidisdna. 

SIEBOIiiyS   CLAflSIFICATIOy   OF   CIIIATA. 
Class  L— INFUSOBIA,  Aninwils  moring  by  cilia. 
Order  1. — ^Aatoma,  Infasoria  without  a  mouth. 
Fom.  1.  AsTASLBA. — ^efi.  Amblyophii,  Eucleiis,  ChlorogoniunL 
Fam.  2.  pBrnmniLSA. — Gen,  Pendmium,  Cneoodinium. 
Fam.  d.  QpALoriBA. — Gem,  OpaliiuL 

Order  2.— Stomatoda,  Infusoria  with  a  mouth. 
Fam,  1.  YoinoiLLnfA. — Gen,  Stentor,  Trichodina,  Ybrtaoella,  Bpi^jlit,  Ovohennm. 
Fam,  2.  Ophbtoixa. — Gen,  Yaginioola*  Cothnmia. 
Fam.  3.  Evchiua. — Gen,  ActinopbiyB,  LeooophiyB,  Prorodon. 
Fam,  4,  Tbaohslixa. — Gen,  CHanixmia,    Spirostomum,   Tracfaelins»  f/jii^AB§,   Chilodoii, 

Fhialina,  BuTMriai  NasBula. 
Fam,  5.  Kolpodsa. — Gen,  Edpoda,  Paramedum,  Amphileptui. 
Fam,  6,  Oxttsichiiia. — Gen,  Ozytricba,  Stjlonyohia. 
Fam.  7.  Supu)ta. — Gen.  Euplotee,  Himantophorus,  ChUunidodoxL 

Pfflty  is  the  latest  writer,  as  fEU*  as  we  can  discover,  who  has  attempted  a 
classification  of  Infusoria,  among  which  he  distinguishes,  as  we  do,  a  class 
under  the  name  of  Ciliata,  having  also  in  almost  all  respects  similar  limits, 
except  in  the  retention  of  the  AcHnapTiryina  as  one  of  the  two  sections  he 
makes,  viz.,  1,  animalcules  with  vibratile  cilia ;  and  2,  with  non-vibrating 
but  slightly  contractile  cilia,  or  filaments.  Leaving  this  second  section  out 
of  view,  the  other  is  divided  into  three  subsections,  with  the  titles  Spoitieay 
Monima,  and  MetaboUeay  according  to  the  varying  character  of  their  move- 
ments, which  in  the  first  are  sudden  and  jerking,  in  the  second,  unvarying 
and  constant,  and  in  the  third,  associated  with  str^ing  changes  in  the  figure 
of  the  body.  Under  these  three  subsections  he  distributes  aU  the  Ciliata  into 
families,  to  many  of  which,  in  departing  from  Ehrenberg's  groupings,  he  has 
given  new  names.  He  moreover  desmbes  many  new  genera  and  spedes. 
Besides  the  Actifkophryinay  we  exclude  also  the  family  Cobalina^  which  is 
equal  to  our  fSunily  OpalinaM,  and  to  Dujardin's  Leucophryem. 

We  shall  attempt  to  represent  this  system  of  classification  by  a  tabular 
oatHne: — 

PBETTS  CLASSIFICATIOK  OF  CILIATA. 

A.  Spastica. — Jnifnalcules  capable  of  eoniracHng  their  bodies  and  their  etemsj  when  euch 

exie^t  ina  sudden  tpaemodio  manner,  ao  that  their  more  or  lea$  elongated 

figwre  i»  rendered  oval  or  alobuiar,  and  the  stem  coiled  epirailv.    They 

are  the  only  CiUaia  wkien  Uve  amooiatedf  and  are  relaUd  to  Bryozoa, 

and  many  to  Botatoria. 
Fam,  1.  YAOiHirB&A. — Enclosed  in  a  sheath,  into  which  they  can  withdraw  themseWes. 

Moulh  with  a  oiliarj  wreath. 
Fam.  2.  VomcaLLnrA.— Without  a  sheath ;  living  isolately,  or  in  arborescent  polyparies ; 

with  a  oontraotile  body  and  eyident  month,  but  no  intestme.    Bere- 

loped  hv  fission,  by  germs,  and  gemmation,  and  by  means  of  iaransi- 

tional  phases. 
Fam,  3.  Ophbyddia. — ^Numerous  animalcules  associated  together  in  a  solid  gelatinous  mass, 

but  without  contractile  fibres. 
Fam.  4.  UacaoLASuf a. — ^The  Uro6olariens  of  Bigardin,  Ophrydiwm  being  eiduded,  and 

SjpirostoTnum  added. 

B.  'ilojfiMA.—Jnimalculee  which,  although  very  contraetHe,  neither  undergo  change  of  form 

nor  exhibit  jerking  movements. 
A.  General  covering  soft. — 1.  Free  forms,  with  a  mouth  ;  nutriment  received  solid, 
Fam.  5.  Bursabima. 
Ftan.  6.  Pabamkcika. — ^Bodv  coTcred  by  longitudinal  rows  of  cUia.    Mouth  lateral,  often 

situated  in  a  furrow. 
Fam.  7.  Holophrtwa.— Mouth  anterior;  anus  posterior.    Cilia  in  longitudinal  rows. 
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Fam,  8.  Apbtbovll — SorfiMse  ciliated,  and  fanuahed  beaidea  with  filamenta. 

Fam,  9.  Dacnai^. — Mouth  provided  with  a  circlet  of  briatlea ;  in  three  genera  lateral,  in 

two  anterior  in  position. 
Fam,  10.  CiimoCHiUNA. — Mouth  on  the  upper  sorfaoe^  fumiahed  with  a  yibrating  flap. 

Cilia  in  longitudinal  linea. 
Fam,  11.  ApioiriDiNA  (in  part  t^  EncHelia,  £%r.,  and  the  Paramdciena,  Dw,). — ^Bodies 

amall,  aoft,  thicker  at  one  end  than  the  other ;  cilia  in  longitudinal 

rows.    Mouth,  where  perceptible,  at  the  antraior  extremity. 
Fam,  12.  Tafihia. — Cilia  scattered,  or  collected  in  particular  spots,  but  never  in  rowa. 

Body  usually  very  amalL    Mouth  only  proyed  to  exiat  by  meana  of 

artificial  feeding. 
Fam.  13.  Tsaohbliha. — ^Body  elon^ited  into  a  neck-like  anterior  proceaa,  or  a  laterally 

ourred  trunk. 
Fam,  14.  OxTTBiOHmA. — ^Equal  the  K6ronieiia  of  Diiuardin. 

2.  ParoMiical  formsj  with  or  without  a  mouth,  mostfy  receiving  only  the  juices  of 
other  animals. 

Fam,  15.  Cobaluc a. — ^Body  mostly  flattened,  oval,  elliptic  or  reniform,  covered  by  numer- 
ous rows  of  fine  cilia,  and  offcentimea  with  jointed  cilia  on  uie  under 
sumce.  A  raised  margin  or  hollow  fold  occupied  by  cilia  often 
indicates  the  mouth,  of  which,  however,  in  several  cases,  no  trace  is 
evident  The  animalcules  commonly  live  intemalW,  u]M>n  the  juices 
of  other  beings,  and  occasionally  on  their  outer  surmoe,  m  which  case 
the  food  they  take  is  soUd.  They  present  among  themsdves  ncuneroua 
peculiaritiea  and  points  of  agreement,  and  at  the  same  time  many 
anomalies,  and  are  lower  in  the  scale  than  ftee  living  forms  similar  to 
thcnn,  e.ff.  Oxyfcrichina ;  their  movements  are  rather  automatic.  The 
genera  inducted  are,  Alattor  (Kerona,  £hr.),  Piagiotoma,  Leucophrys, 
and  Opalina, 
B.  Oeneral  ooverinafirm  by  induration  of  the  inteyument,  or  by  excretion  cfhard 
yranutee, 

Fam,  16.  Buplotina. — Equal  the  Ploesooniens  of  Dujardin. 

Fam.  17.  Colbpiha. — ^Represented  by  the  genus  Col^  (Ehr.). 

C.  Mbtabolica. —  Very  contractile  ;  undergoing  protean  alterations  of  their  figure  through 
a  contraction  and  extension  cf  the  body.  Cilia  scarce^  observabU  on 
the  body  at  large,  but  collected  on  the  neck-like  process. 

Fam,  18.  Ophbtoobrcina  (£hr.),  induding  also  Traohdocerca  and  Phialina. 

FAMILY  I.— ICHTHYDINA. 
(Hates  XXV.  367,  368.  Plate  XXXI.  28,  29,  31.) 
This  fiBuaiily,  whidi  in  our  arrangement  forms  a  snbgronp  of  (Sliata,  con- 
stitated  in  Mirenberg's  system  a  section  of  Eotatoiia, — an  association  whidi 
cannot  be  maintained  now  that  their  more  intimate  and  essential  organiza- 
tion is  known.  Indeed,  these  beings  seem  to  have  received  but  little  attri- 
tion from  that  great  naturalist,  who  had  only  an  imperfect  account  of  them 
to  oflfer.  They  were  described  as  Eotatoria  with  a  single  continuous  rotaiy 
organ,  not  cut  or  lobed  at  the  margin,  and  without  lorica  or  shelL  Four 
genera  were  enumerated — ^viz.  Ptygwra,  Ichthydium,  Chcetcnottu,  and  Gleno- 
ph4>ra.  GTheir  relative  peculiarities  were  thus  stated : — Ptygura  and  Cfleno- 
pTiora  had  a  simple  rotaiy  locomotive  organ ;  Ichthydium  and  Chcetonotus, 
onhr  a  long  ciliary  band  upon  the  ventral  surface.  Again,  the  two  former 
had  a  simple  foot-like  process,  and  evident  oesophageal  teeth;  the  two  latter 
a  forked  tail  and  no  visible  teeth.  Dujardin,  who  has  given  a  very  good 
account  of  Chastonottts,  rejected  that  genus,  together  with  Ichthydium,  &om 
among  the  Botatoria,  and  placed  the  two  in  a  sort  of  subfamily  of  OOiated 
Protozoa,  under  the  name  of  *  Symmetrical  Infusoria.'  Of  the  other  two 
genera,  GfUnopTiora  and  Ptygura,  he  ignored  altogether  the  fonner,  and 
transposed  the  latter  to  his  family  of  *  Melicertiens.'  Since  the  date  of  his 
systematic  treatise  (Hist,  des  Infus,  1841),  he  has  sketched  the  history  of  a 
genus  under  the  name  of  Ellimoderia,  which  is  evidently  allied  to  ChcHonotui 
{A,  8.  N.  XV.  p.  168). 
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The  latest  reflearches,  we  haye  seen,  on  the  IMhydina  are  contained  in  a 
paper  by  Dr.  Max.  Sohiiltxe  (MuR.  Arekw,  1853,  p.  241),  on  CfkBtanohu  and 
IMkydiw/n,  and  on  a  new  idlied  genus,  THrbaneUa,    In  this  oommnnication 
Schnltse  clearly  shows  that  CJuetonotus  and  IcMhydium  are  not  Botatoria, 
whilst  he  admits  Piygwra  and  Olenophora  to  be  so.    The  leading  and  suffi- 
cient reasons  for  separating  Ichthydium  and  ChceUmotus  from  Botatoria  are, 
that  they  want  the  peculiar  ciliary  apparatus  of  that  class  have  no  retractile 
rotary  disk,  no  jointed  taQ-hke  process,  no  water-vascular  system  with 
Tibratile  tags,  and  no  perceptible  muscular  and  nervous  system.     The  best 
account  of  die  organization  we  have  of  any  of  the  Ichihydina  is  famished  by 
8ehultze's  contribution  above  quoted,  wherein  he  details  that  of  TurbaneGa. 
Of  tiiis  we  will  present  an  abstract,  but,  before  so  doing,  will  prefSeuse  a  few 
notes  from  Dujardin  on  CJuxtonotua,   This  genus  has  a  symmetrical  elongated- 
oblong  body  slightly  contracted  at  its  anterior  third,  and  having  its  posterior 
half  expanded ;  covered  on  its  upper  or  posterior  suifetce  by  cilia  or  by  ciliated 
scales ;  terminated  anteriorly  by  a  rounded  edge,  near  to  which  is  a  distinct 
drcular  oral  aperture ;  and  posteriorly  ending  by  a  bifurcate  process.     Some 
long  vibratile  cilia  are  visible  on  the  anterior  half  of  the  ventral  surface ;  and 
Dujardin  thought  he  discovered  four  or  five  minute  papilke  around  the  mouth. 
Thiis  aperture  he  represents  to  lead  into  a  long  narrow  cesophagus,  which 
abruptly  ends  in  a  wide  intestine,  that  continues  a  straight  course  to  the 
posterior  extremity,  where  an  anal  opening  is  probably  placed.    The  Turba^ 
neUa  hyalina,  of  Schultze,  has  an  elongated,  rather  compressed,  colouriess 
l>ody,frt>m^thto^thofaninchlonjg,and-^thto^^thbroad.  Theheadii 
separated  from  the  body  by  a  constriction  (XXXT.  28).     Along  the  body,  at 
apparently  regular  distances,  numerous  bristle-like  processes  stand  out  at  right 
angles  on  each  side.    The  posterior  extremity  is  slightly  contracted^  and 
drmled  into  two  comb-like  flattened  processes  or  lamellse,  having  an  inter- 
vening fossa,  into  which  the  anal  aperture  opens.    A  dorsal  and  ventral 
surface  are  ^stinguishable, — ^the  latter  dliated  throughout,  the  former  bare. 
The  head  is  entirely  covered  on  its  upper  sur&ce  by  fine  cilia,  besides  which, 
it  has  a  circlet  of  larger  ones  around  its  middle.     The  ciliated  condition  of 
the  under  surface  is  displayed  by  a  side  or  a  transverse  view  of  the  animal. 
The  bristle-like  processes  on  each  side  are  growths  frt>m  the  integument,  and 
neither  articulated  nor  separable  (XXXI.  28,  30).     The  row  is  double  on 
either  side  ;  the  under  setsB  from  20  to  25  in  number ;  the  upper,  only  from 
6  to  8  on  a  side.    The  latter  are  rather  appendages  of  the  dorsal  surfsuie, 
and  are,  moreover,  not  at  right  angles  like  the  others,  but  bent  backward. 
Eadi  cutaneous  process  is  terminated  by  a  motionless  cilium,  equal  to  or  ex- 
ceeding it  in  length.     The  cuticle  and  its  processes  are  soluble  in  a  warm 
solution  of  potash,  and  are  not  chitinous. 

The  alimentary  canal  passes  straight  through  the  middle  of  the  body  (XXX* 
28, 29).  The  mouth,  situated  at  the  anterior  extremity,  is  circular,  and  sur- 
rounded by  a  finely  plicate  or  dentate  margin ;  it  opens  into  a  muscular 
oesophagus,  which  very  much  resembles  that  of  Angmllula,  and  terminates 
below  in  the  straight  intestine.  The  oesophagus  extends  for  the  first  fourth 
of  the  length  of  the  body ;  and  its  muscular  coat  is  so  developed,  that  its  canal 
looks  like  a  mere  central  line.  Its  muscles  are  annular.  The  tubular  intes- 
tine has,  on  the  contrary,  thin  walls,  in  which  numerous  molecules  and  &t- 
corpnsdee  are  distinguishable,  except,  indeed,  at  its  posterior  conical  termina- 
tion. The  intestine  lies  in  a  soft,  finely-granular  parenchyma.  No  water- 
vascular  apparatus  with  vibratile  tags  exists.  At  the  posterior  third  of  the 
body,  on  the  dorsal  surface  of  the  intestine,  a  large  ovary  is  placed,  and  in 
front  of  it  a  very  much  smaller  testis.     Both  glands  present  a  mulberry- 
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like  ag^pregatioii  of  rounded  eelLsi.  The  posterior  portion  of  Uie  ovaiy  ezMlats 
oya,  lulling  a  germinal  yeeide  and  spot  surrounded  by  a  fine  granular  yelk- 
mass ;  and  one  or  two  ova  are  frequently  seen  separated,  having  a  ddicate 
colourless  shell  developed  around  diem.  The  diameter  of  the  largest  ova 
equals  rf^rth.  The  mature  eggs  lie  dose  to  the  testes.  Besides  this  distmct 
male  organ,  two  groups  of  ipermatozaid-eeUB  seem  present,  lying  apparently 
free  in  &e  loose  parendiyma,  and  apparently  without  any  investing  m^nbrane 
or  envelope.  As  to  their  affinity,  Sohultze  makes  no  doubt  that  they  are 
Yermasi,  and  belong  to  the  group  of  Turbellaria,  considered  as  a  division  of 
the  Gestoidea.  Among  Turbellaria  they  are  best  placed  with  the  Arfayndua, 
induding  Mierostomum  and  DinopMlus.  They  resemble  Nematoidea  and 
AngtdllulcB  in  the  form  of  the  intestinal  canal,  but  are  unlike  iliese  in  their 
figure,  their  ciliated  integument,  and  their  hermaphrodite  structure. 

The  IMhydina  are  inhabitants  of  fresh  water,  living  among  aquatic  jdants. 
They  have  a  duggish,  creeping  gliding  movement,  resembling  that  of  most 
Turbdlaria. 

FAMILY  n.— NOCTILUCIDA. 

(Plate  XXXI.  32-39). 

This  small  but  remarkable  subsection  is  represented  by  only  one  animal, 
the  NoMuca  mUiaris,  which  has  attracted  much  attention  as  one  of  the 
sources  of  the  phosphorescence  of  the  sea.  By  several  recent  authors  it 
has  been  treated  as  a  near  ally  of  the  Oiliata,  although  it  must  be  confessed 
to  have  few  outward  indications  of  such  a  relationc^p,  and,  in  our  estima- 
tion, is  a  representative  of  quite  a  different  and  independent  group  of 
animals.  At  first  sight,  a  Noetiluca  appears  a  round  gelatinous  corpnsde 
having  a  depression  or  groove  at  one  part,  surmounted  by  a  filamentary  pro- 
cess or  tentacle.  Compared  with  the  Ciliated  Protozoa,  it  is  of  gigantic  pro- 
portions, attaining  ^th  of  an  inch  in  diameter.  On  closer  examination  it  is 
found  to  have  an  integument  of  two  layers :  the  outer  smooth  and  reticular, 
structurdess,  and  of  considerable  density;  the  inner  a  delicate,  granular, 
gelatinous  membrane,  which  Dr.  Webb  (J.  M,  S.  1855,  p.  103)  desoibes  to  be 
in  union  at  all  points  with  the  whole  system  of  reticulations  spreading  frxmi 
the  central  organs, — a  fetct  rendered  evident  by  the  action  of  indigo  and  the 
primary  dianges  consequent  on  death.  '*  The  internal  fibrous  reticulatioiis 
gradually  contracted,  drawing  the  '  vacuoles '  together,  and  with  them  the 
inner  membrane.  This  was  detached  without  rupture,  but  after  a  time  tfSi 
into  folds,  which  so  induded  the  other  structures  as  to  have  the  look  ci  a 
wrinkled  tube  with  a  series  of  pouches  ending  in  a  larger  membranous- sac 
The  external  layer  distended  by  degrees  till  it  suddenly  burst.  I  should 
mention  that  a  new  supply  of  water  had  been  given  before  most  of  these 
changes  happened.  I  have  also  been  successfrd  in  separating  the  two  layen 
mechanically,  by  means  of  pressure,  dowly  and  steadily  applied  to  the  animal 
under  the  scrow  compressor."  The  external  membrane  is  extended  at  one 
point  into  a  tapering  process,  which  acts  as  a  locomotive  oigan.  It  strings 
from  the  edge  of  the  infimdibulum,  which  is  extended  badcwards  into  a  la- 
rynx or  gullet.  This  process  or  tentade  appears  transversely  striped,  and 
breaks  short ;  of  the  nature  of  those  stripes  we  know  nothing.  Dr.  Webb 
believes  this  process  to  be  tubular,  with  an  orifice  on  the  inner  side  at 
its  base.  '<  At  any  rate,"  he  writes,  **  I  have  seen  the  odour,  when  iodine 
has  been  used,  proceed  towards  the  distal  extremity ;  and  under  the  influence 
of  indigo  poisoning,  the  granular  matter  of  which  the  striaticm  consists  has 
been  disammged,  scattered  up  and  down  the  interior  of  the  organ,  and  in  the 
end  has  aggregated  together  in  small  globules,  without  much  imp^ring  ^e 
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power  of  motiaiu''  These  appeaiancee  do  not  at  all  oonvince  ilb  of  the  tabular 
character  of  the  tentacle ;  for  they  are  attributable  to  the  differenoe  of  action 
of  the  chemical  reagents  upon  the  contained  matter  and  npon  its  investment. 
Dr.  Webb  adds — "  I  haye  never  perceived  any  tendency  to  restoration  of  the 
lost  party  nor  any  independent  movement  in  the  detached  ^a^^ient.  The 
stomp  continaes  active,  and  readily  comes  off  at  the  base.  I^e  point  is  a 
little  flattened.  When  the  animal  is  killed  in  such  a  manner  that  tiiis  oigan 
has  free  play,  it  always  shows  a  disposition  to  coil  np  spirally." 

Prof.  Huxley's  comparison  of  the  Noetiluoa,  in  figure,  to  a  peadi  is  veiy 
good,  and  conveys  a  dear  idea  of  the  relative  position  of  the  external  groove 
and  its  appendages  («/'.  M.  8. 1854,  p.  50).  '*  One  sur&oe,"  he  writes,  *^  is  a 
little  excavated ;  and  a  groove  or  depression  runs  from  one  side  of  the  excava- 
tion, halfway  to  the  o^r  pole.  Where  the  stalk  of  the  peach  might  be,  a 
fiHItmn  tentacle,  equal  in  length  to  about  the  diameter  of  the  body,  depends 
from  it,  and  exhibits  slow  wavy  motions  when  the  creature  is  in  fall  activity. 
I  have  even  seen  a  NoeUluea  appear  to  push  rq>eatedly  against  obstacles  wi& 
this  tentacle."  Behind  the  tentacle  is  a  rounded  or  oval  mouth,  having  a 
harder  margin  extending  from  the  base  of  the  tentacle,  along  its  right  side,  in 
the  form  of  an  elevated  ridge.  This  ridge  has  a  homy  appearance  (althou^ 
Dr.  Webb  declares  it  to  be  ^  fibrous  consistence),  and  is  usually  described  as 
sigmoid  in  outline.  About  its  middle  is  a  triple  (tricuspid)  tooth-like  eleva- 
tion, composed  of  a  middle,  bifid,  large  portion,  and  a  smcJler  one  on  each  side. 
Dr.  Webb  says  that  when  this  too^  is  '^  seen  in  pr(^e,  it  has  the  appear- 
ance of  a  conical  piqyilla,  or,  with  a  sli^t  change  in  the  point  of  view,  of  a 
hodced  process  terminating  in  a  sharp  nib.  It  readily  yields  to  pressure ; 
and  I  have  seen  it  become  shrivelled  up  from  the  use  of  astringents,  before 
motion  ceased  in  the  dHum  and  tentacle. . .  .The  ridge  \nay  be  sometimes 
observed  in  regular  contractile  action.  Corresponding  with  these  contrac- 
tMHia,  I  have  witnessed  a  to-and-fro  motion  of  the  tooth,  as  though  working 
on  an  axis  in  a  direction  towards  the  base  of  the  tentade.  A  good  illustra- 
tion of  this  performance  is  given  by  bending  the  fore  and  middle  fingers,  and 
flexing  them  on  the  palm  ai  the  hand."  On  the  other  hand.  Prof.  Huxley 
states  that  he  never  observed  any  movement  in  this  tooth-like  body. 

The  oral  aperture  opens  into  a  funnd-like  cavity  or  phaiynx,  from  the 
bottom  of  which  a  dliary  process  extends,  having  a  rapid  undulatory  move- 
ment, and  retractile.  Mr.  Huxley  only  now  and  then  detected  this  dlium, 
and  states  that  it  is  difficult  of  observation ;  but  Dr.  Webb  says — **  The 
cilxDm  may  be  found  in  every  instance  in  which  it  is  looked  for  with  a 
quarter-inch  g^ass,  or  even  with  the  half-inch,  provided  the  creature  is  left 
at  pcnrfect  liberty,  and  is  made  to  move  if  not  in  the  right  podtion.  It  often 
reoiaina  at  rest  for  some  time,  and  then  from  above  looks  like  a  small  bright 
qpot  at  the  base  of  the  *  tooth ; '  or  it  may  occadonally  be  seen  extended  over 
the  8-sh^»ed  ridge,  or  even  the  base  of  the  tentacle.  I  have  many  times 
detected  it  in  motion  from  behind,  through  the  intervening  substance  of  the 
bo^,  and  have  noticed  it  vibrating  vigoroudy  long  after  rupture  of  the 
integument  and  partial  discharge  of  the  contents.  A  Chara-trou£^  or  shallow 
ooncare  cell,  is  most  convenient  for  observations  on  this  part,  as  the  animal 
swims  dose  to  the  under  surface  of  the  thin  glass,  and  may  be  made  to  turn 
in  any  direction." 

A  minute  oval  aperture  is  represented  both  by  Huxley  and  Webb  as  open- 
ing into  the  ftinnd-shaped  oral  cavity.  This  last  expands  into  an  alimentary 
sptiee  **  of  very  various  form  and  liimftngiATm^  capable  of  great  dilatation,  and 
pieeenting  no  dislanct  walls,  but  rather  excavated  in  the  central  substance  of 
the  body,  which  k  connected  with  the  parietes  by  numerous  granular  radi- 
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ating  filaments  "  {HuxUy^t  Lectures,  Medical  Times,  1856,  voL  Tmriii.  p.  511). 
These  granular  filaments  radiate,  from  a  central  portion  which  seems  to 
serve  as  a  bond  of  union  and  a  basis  of  support  for  all  the  organs  about  the 
oral  cavity,  to  the  integument  in  every  direction ;  and  probably  the  apparent 
reticulation  of  the  external  membrane  is  due  to  the  crossing  of  IJie  very 
fine  terminations  of  those  filaments  as  they  proceed  to  attach  themselves  to 
it.  Lying  amid  the  meshes  of  this  fibrous  network,  chiefiy  towards  the 
centre  of  the  NoctUuea,  are  more  or  fewer  vacuolar  bodies.  **  The  whole 
internal  network  of  fibrous  tissue,"  writes  Dr.  Webb  (op,  cit,  p.  104),  "  with 
the  manner  in  which  it  invests  the  so-called  vacuoles,  is  most  bcAutifdlly 
demonstrated  by  the  effdct  of  iodine.  The  creature  dies  suddenly,  without 
coUapeing.  The  progress  of  the  fiuid  can  be  traced  along  the  fibres  into  tho 
minutest  meshes;  and  there  remains  for  a  long  time  a  transparent  ball, 
traversed  in  every  direction  by  the  brown  fibres,  headed  with  the  vacuoles 
and  granules,  aad  having  every  reticulation  on  the  surface  sharply  defined." 

The  "  vacuoles  "  referred  to  are  not  homologous  with  those  of  Protozoa^ 
and,  to  avoid  confusion,  another  name  should  be  found  for  them.  They  are 
actual  sacs  or  cells,  with  a  definite  membranous  wall,  and  thus  appear  to 
resemble  in  structure  the  contractile  sacs  of  Protozoa.  Dr.  Webb  asserts 
them  to  be  alimentary  sacs ;  and  we  gather  from  him  the  following  account 
of  them  (op.  cit,  p.  105)  : — "  When  empty,  they  are  usually  contracted  and 
grouped  near  the  membranous  tube  which  leads  from  the  oral  aperture — 
a  few  only  being  scattered  among  the  internal  reticulations.  Their  situa- 
tion is  constantly  changing,  sometimes  with  a  steady  advance,  at  others  by 
jerks,  while  the  fibrous  meshes  with  which  they  are  connected  undergo  a 
relative  alteration  in  shape.  Gentle  pressure  wUl  occasionally  expel  them 
through  the  oral  br  anal  aperture ;  but  I  have  seen  them  spontaneously 
ejected  withotit  rupture,  and  fioat  away  frt>m  the  body.  In  one  instance 
where  this  occurred,  and  where  the  contents  consisted  of  granular  matter, 
fragments  of  ZHatomacece,  and  particles  of  sand,  the  sac  remained  entire  for 
some  time.  When  it  burst,  the  membrane  doubled  up,  the  contents  escaped, 
and  the  bits  of  silica  were  characteristically  shown  with  the  polariscope.  I 
have  never  known  these  gastric  pouches,  or  alimentary  siibstances  to  be 
voided  by  any  other  outlet  than  those  connected  with  the  central  depression." 

At  the  bottom  of  the  infrmdibulum  is  a  large-sized  oval,  or  ovoid,  brownish 
body,  of  granular  consistence,  and  strongly  refracting  light,  which  is  the 
nucleus.  It  lies  in  front  of  and  above  the  gastric  cavity,  and.  Prof.  Huxley 
states  (op,  cit,  p.  54),  assumes  the  appearance  of  a  hollow  vesicle  when  acted 
upon  by  acetic  add.  Dr.  Webb  writes  (op.  dt,  p.  106)—"  The  nucleus  may 
be  demonstrated  as  a  nucleated  vesicle,  sometimes  soHtaiy,  more  fr^uently 
with  several  similar  but  smaller  nucleated  vesicles  grouped  around  it.  By 
careful  manipulation  it  may  be  Vemoved  from  the  other  structures ;  and  as  it 
floats  about,  its  true  form  is  displayed.  Seen  in  one  position,  you  have  a  view 
of  a  round  vesicle  with  a  smaller  vesicle  attached  to  it  by  a  sort  of  hour-glass 
contraction ;  in  another,  of  a  round  vesicle  with  a  central  spot,  a  nucleated 
oeU.  I  have  found  the  nucleus  enclosed  in  a  second  membranous  envelope 
with  a  granular  yelk-like  fluid,  which  could  be  seen  pouiing  out  when  the 
membrane  gave  way." 

The  reproduction  of  the  Noctilttcida  is  as  yet  not  understood.  Quatrefiages 
and  Krohn,  Prof.  Huxley  informs  us  (op,  cit.  p.  54),  "  consider  that  a  process 
of  fissiparous  multiplication  takes  place,  and  that  both  of  these  observers  have 
found  double  individuals,  though  veiy  rarely.  According  to  the  latter  writer, 
division  of  the  body  is  preceded  by  that  of  the  nucleus.  I  have  not  had  the 
good  fortune  to  meet  with  any  of  these  forms ;  and  the  only  indication  of  a 
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possible  reprodnctiTe  apparatas,  which  I  have  seen,  consisted  of  a  number  of 
granular  vesicular  bodies  of  about  jT^^th  of  an  inch  in  diameter,  scattered  over 
the  sur£EU)e  of  the  anterior  and  iiuerior  part  of  the  body."  Dr.  Webb  (op. 
cit.  p.  105)  has  the  following  observations  on  this  subject : — "  I  have  never 
met  with  a  double  individual,  but  on  one  occasion  witnessed  the  process  of 
division,  without,  however,  noting  any  proof  of  its  connexion  witii  that  of 
fissiparous  multiplication.  Contractions  of  the  integument  took  place  in  such 
a  way  as  to  cut  off  a  globular  mass  from  the  body,  about  one-fourth  of  the 
whole.  The  two  portiims  afterwards  retained  their  form,  with  a  puckered 
mark  at  the  point  of  separation.  The  nucleus  was  not  involved  in  this  ope- 
ration, which  occi^kied  about  two  hours. 

'*  It  is  also  a  matter  of  every-day  observation,  that  when  the  body  has 
beoi  torn  and  nearly  all  the  contents  have  been  lost,  the  animal  continues  to 
Hve  in  a  deformed  state,  if  the  nucleus  and  central  parts  are  left  together. 
They  acquire  a  new  investment ;  or  a  portion  of  the  original  integument 
gathers  up  round  them,  while  the  ragged  shreds  are  cast  off. 

**  When  several  of  these  creatures  have  been  kept  for  some  time  in  still 
water,  it  is  not  unusual  to  find  two  of  them  in  apposition ;  but  I  have  never 
discovered  any  indications  of  conjunction,  and  look  upon  the  condition  as  one 
of  mere  adhesion.  It  may,  however,  have  given  rise  to  the  mraition  of  double 
individuals,  as  the  adhesion  is  tolerably  firm.  It  may  easily  be  broken  up 
without  injury  to  either  animal.'' 

In  the  Jaum.  of  Mior,  8dmu  for  1855,  p.  99,  \a  the  translation  of  a  paper 
by  Dr.  fiusch  on  the  structure  and  function  c^  NoctUuea,  in  which  several 
original  observations  are  given  which  appear  to  bear  on  this  question  of  de- 
velopment. There  is,  however,  such  uncertainty  about  them,  and  the  want 
of  eonfirmatory  evidence,  that  we  deem  it  unnecessary  to  quote  tiiem,  and  must 
ttierefore  refer  our  readers  to  the  Journal  cited.  The  fourth  volume  of  the  same 
ezeeHent  periodical  (p.  74)  contains  a  translation  of  a  paper  by  Frof.  KiOIer, 
firom  whic^  it  appears  that  this  distinguished  naturalist  lutd  discovered  Noetic 
biea  in  an  encysted  condition.  The  account  he  gives  stands  thus : — "  These 
encysted  bodies  constituted  the  principal  luminous  animalcules  observed  at 
Messina  in  the  autumn  of  1853.  Free  Noetilucce  at  that  season  were  not 
seen  there ;  and  in  1849  the  same  kind  of  encysted  bodies  were  very  common 
at  Nice.  The  cyst  is  a  perfectly  transparent,  spherical  capsule,  with  a  light- 
bluish  brilHancy  at  the  edge,  and  appearing  like  the  egg-membrane  of  some 
Crostacea.  Within  this  cyst  \&  lodged  a  body  in  all  respects  resembling  the 
Noctiluca  mUiaris,  except  that  at  tbus  time  no  vibratile  filament  can  be  per- 
ceived. The  NoctUuea-hke  creature  fills  the  cyst  more  or  less  entirely,  though 
occasionally  it  is  much  smaller.  In  this  condition  the  animalcules  are  lumi- 
nous without  being  agitated.  When  the  cysts  are  examined  under  the 
microscope  in  a  small  quantity  of  sea- water,  in  such  a  way  that  during  the 
observation  the  saline  contents  are  notably  increased  in  consequence  of  the 
evaporation,  a  moment  speedily  arrives  when  the  iVbcttZuco-like  body  sud- 
denly contracts  itself  witliin  its  case  into  a  little  nodule ;  that  is  to  say,  it 
contracts  upon  the  ydilowish  granular  nucleus  from  whidi  the  filamentary 
strings  of  the  interior  proceed.  I  have  noticed  this  vital  phenomenon,  not 
on  one  oocaaon  only,  but  in  many  of  the  encysted  animalcides. 

^*  Tlie  size  of  the  case  is  usually  from  ^"'  to  ^"'.  But  many  are  far  smaller, 
even  down  to  ^"'.  Occasionally  also,  instead  of  a  NoctihuM,  cysts  may  be 
observed,  containing  a  yellow  nucleus  •^"'  in  diameter ;  and  once  I  noti<^ 
a  cyat  -j^'"  in  size,  containing,  besides  this  rounded  yellow  nucleus,  quite 
isolated,  an  extremely  minute  NoctUuoa-hke  body.  Of  the  free  NoctUucem 
taken  near  Heligoland  in  the  autumn,  the  smallest  were  -X'",  and  the  larger 
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^"'  to  X'''  in  diameter.  The  common  variety  of  form^  with  a  confltiiatio& 
of  the  arcamference,  which  is  noticed  in  firee  NocHluece,  and  the  radiating 
filamentary  branching  striae  beset  with  extremely  minute  grannies  in  the 
interior,  were  also  characteristic  of  the  encysted  bodies,  wMch  I  shonld  be 
more  indisposed  to  separate  from  the  NodUuccB,  from  ^eir  possessing  the 
most  remarkable  luminous  power.  At  present  we  want  the  key  to  these  re- 
remarkable  phenomena,  as  well  as  all  knowledge  of  the  derelopment  and 
oourse  of  life  of  the  Noctihieas" 

We  have,  in  our  prefettory  obsenrations  on  this  fSEonily,  alluded  to  ^e 
opinion  of  tiie  affinity  of  NoctUueida  with  Ciliated  Protozoa.  Prof.  Huxley 
(op.  cit,  p.  54)  has  the  following  notes  on  this  subject : — ^'  If  the  preceding 
account  be  correct,  it  is  obvious  diat  the  animal  is  no  Ehizopod,  but  must  be 
promoted  from  the  lowest  rank  of  the  Protozoa  to  the  highest.  The  exist- 
ence of  a  dental  armature  and  of  a  distinct  anal  aperture,  are  straetoral 
peculiarities  which  greatly  increase  the  affinity  to  such  forms  as  Colpoda 
and  Paramedum,  indicated  by  Xrohn.  NoctUuca  might  be  regarded  as  a 
gigantic  Inftisorium  with  the  grooved  body  of  Colpoday  the  long  -proeeea  of 
Trachelius,  and  the  dental  armature  of  Nasstda  united  in  one  animal, 

*^  On  the  other  hand,  the  general  absence  of  cilia  over  the  body,  and  tiie 
wide  differences  in  detail,  would  require  the  constitution  of  at  least  a  distmet 
family  for  this  lingular  creature." 

To  our  apprehension  there  is  no  homology  between  the  d^ital  armataie  of 
NocUJuea  and  of  NassuUi.  In  the  latter,  the  so-called  teeth  appear  to  be 
nothing  more  than  hardened  folds  of  the  membranous  tube  of  l^e  oesophagus, 
which  may  disappear  by  distension, — ^whilst  in  NoMuca  it  is  the  condensed 
uncinate  margin  of  the  oral  cavity  on  (me  side  which  constitutes  the  dental 
apparatus.  Again,  as  to  the  presence  of  a  distinct  anal  aperture,  this  cer- 
tauily  establishes  no  other  affiinity  witii  the  higher  COiata  tiian  it  does  with 
any  other  microscopic  animalcules  which  possess  such  an  outlet.  On  tiie 
e(mtrary,  there  is  force  in  the  particulars  mentioned  as  opposed  to  tiior  re- 
lation with  the  Ciliata,  viz.  '<  the  general  absence  of  cilia,  and  the  wide  differ- 
ences in  detail ;"  for  cilia  either  diffused  over  the  body,  or  collected  into 
groups  to  form  a  special  ciliary  organ,  are,  when  taken  in  connexion  with 
tiie  peculiar  intern^  organization,  so  very  characteristic  tiiat  no  mi<aoscopist, 
unbiassed  by  imagination,  would  reckon  NoctUuea  among  Ciliata.  In  fuitfaer 
opposition  to  the  notion  of  such  an  affiinity,  it  may  be  u^^  that  NoMwa  is 
destitute  <^  a  ciliated  contractile  oesophagus,  and  of  a  contractile  vesicle, 
that  it  does  not  produce  vacuoles  in  the  introduction  and  transmission  ci  food, 
and  that  its  so-called  vacuoles  appear  to  be  actual  closed  sacs,  separable  from 
the  body.  Other  distinctive  peculiarities  between  the  two  mig^t  be  ad- 
duced ;  but  we  think  that,  on  reflection  and  a  comparison  between  them,  ob- 
servers will  agree  with  us  that  Noetiluea  is  not  a  member  of  the  CSliated 
Protozoa,  that  it  cannot  be  included  among  them  as  a  new  frmxily,  but  most 
be  placed  in  some  other  class  of  animalcules,  or  of  itjieff  form  the  repnesenta- 
tive  of  a  new  dass. 

The  Noctilucida  aro  inhabitants  of  the  ocean,  <^  the  luminosity  of  irhkh 
they  seem  to  be  the  most  potent  cause,  of  the  many  which  have  been 
found  in  operation.  They  occur  in  the  British  seas,  as  well  as  dsewhere. 
floating  on  the  sur&ce  of  the  water.  Mr.  Byeriy,  of  liverpocd,  noticed 
t^eir  prevalence  in  such  numbers  that  the  water  acquired  a  rose-cokxiir ; 
and  Dr.  Webb  (op.  cit.  p.  102)  intimates  tiiat  iheax  luminosity  must  depend 
on  some  peculiar  condition  of  their  organs,  or  the  media  acting  upon  them. 
This  supposition  is  analogous  to  that  made  by  Ehrenberg  respectiBg  tiie 
phosphorescence  of  the  Peridinima,  which  "he  believed  to  be  due  to  what  he 
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termed  the  **  ovaries,''  or  the  masses  of  brownish-red  matter  which  sometimee 
Beariy  fill  the  interior.  Perhaps  the  brown  granular  matter  which  at  times 
aecnmnlatee  in  and  about  the  nucleus  of  Noetiluea,  and  which  is  probably 
related  to  the  reproductive  fdnotiony  is  the  luminoos  material  in  this  ani- 
mal ;  and  there  is  nothing  contrary  to  analogy  in  supposing  the  development 
of  phosphorescence  to  be  associated  with  a  particular  period  of  vital  activity, 
but  ra^er  everything  in  its  &vour.  The  following  valuable  note  on  the 
collection  of  specimens  occurs  in  Dr.  Webb's  excellent  paper  (op,  cU,  p.  102) : 
—''As  a  caution  to  those  who  may  undertake  the  further  examination,  I  may 
state  ih&t  the  buoyancy  of  the  NoMuca  is  such  as  to  bring  it  to  the  sui^u^ 
of  tranquil  water  without  any  apparent  effort,  and  that  the  best  way  to 
effect  its  capture  is,  not  as  is  most  frequently  done,  to  use  the  muslin  net,  by 
which  means  the  greater  number  of  the  creatures  are  lost  or  destroyed,  but 
to  skim  tiie  top,  and  especially  those  parts  near  the  sides  of  the  vessel  in 
whidi  the  water  has  been  standing.  If  removed  in  this  way,  and  kept  by 
tiiemselves  in  a  test-tube,  they  may  be  preserved  for  two  or  three  weeks 
without  a  fresh  supply  of  water.  Even  at  the  end  of  that  time,  if  tiiey  die, 
it  does  not  appear  to  be  from  having  reached  the  natural  term  of  their  ex- 
istence, but  as  the  result  of  some  acdd^itai  cause ;  they  will  not,  however, 
bear  carriage  to  any  great  distance  in  closed  vessels." 

We  gather  the  following  hints  for  the  capture  of  NoctUucida  from  a  paper 
by  CoL  Baddeley  (T.  M.  8. 1858,  p.  79) :—"  Attach,"  he  says,  «*  a  fine  muslin 
net  to  the  end  oi  a  light  pole,  and  proceed  to  some  spot  where  the  NoeHiu^ 
eida  are  likely  to  be  driven.  A  bnedcwater  which  causes  an  eddy  to  collect 
MeduscBy  <fec.  generally  yields  a  good  harvest.  Bkim  the  snrfiice,  and  wash 
tiie  net  repeatedly  in  a  can  of  salt  water.  At  night  these  creatures  are  easily 
seen  by  thdr  luminosity ;  by  day,  if  plentiful,  they  cover  the  surface  of  the 
sea  in  brownie  streaks. . .  .The  best  winds  in  which  to  capture  these  crea- 
tures appear  to  be  those  fhmi  south  to  west ;  during  their  prevalence,  I 
have  taken  NoetUuem  every  month  of  the  year  on  the  east  coast  of  England ; 
hut  it  is  during  the  summer  months  they  are  most  abundant,  and  during 
calm  weather.  Abroad,  they  are  constancy  to  be  met  with  in  warm  lati- 
tudes ;  and  I  feel  confident  some  interesting  results  might  be  obtained  by 
secoiing  these  creatures  in  various  parts  of  the  world."  In  conchision  he 
refers  to  the  Diaiomeo!  which  are  so  commonly  found  in  considerable  quantities 
in  their  interior. 

FAMILY  III.— DYOTEKIA. 
(Plate  XXXI.  Figs.  24-27.) 

DytUria,  whidi  is  clearly  the  type  of  a  new  family  of  animalcules,  was  so 
named  by  Prof.  Huxley  in  honour  of  its  discoverer,  Mr.  Dyster.  Although 
its  exact  systematic  position  and  affinity  are  not  agreed  upon,  it  certainly 
oeeuptes  a  position  in  the  ssoological  scale  above  the  CUiata,  if  it  does  not 
rightly  take  its  place,  as  MJr.  Gosse  cont^ds,  among  the  Rotatoria. 

As  we  have  unfortunately  no  knowledge,  personally,  of  this  interesting 
being ;  we  must  avail  ourselves  of  the  excellent  description  afforded  by  Prof. 
Huxley  {J.  M.  8, 1857,  p.  78),  and  of  the  critical  examination  of  its  affinities 
furnished  by  Mr.  €k>8se  (ilnd.  p.  138). 

"  Dysteria  armata  has  an  oval  body,  ^^th  to  ^^hr*^  ^^  ^^  ^^  ^^"*^»  ^7 
^^th  to  -riirth  broad,  which  is  not  altc^ther  symmetrical — ^the  one  side 
presmting  a  cdnsiderable  evenly-rounded  convexity,  while  the  other,  less 
prominent,  is  divided  by  an  angulated  longitudmal  ridge  into  a  smaller, 
doraaL  and  a  larger,  ventral  area.    The  edges  of  both  lateral  sur&oes  are 
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nhaxp  and  thin ;  dorsally  they  are  separated  hy  a  shallow  groove ;  bat  akng 
the  ventral  line  of  the  body  the  groove  is  deep  and  narrow,  and  the  prodneed 
edges  of  the  lateral  paiietes  resemble  the  valves  of  a  bivalve  shelL 

<<  The  ventral  and  dorsal  grooves  pass  into  one  another  in  front ;  bat  poe* 
teriorly  the  lateral  edges  are  united  for  a  short  space.  The  edge  of  the  1^ 
less  convex,  side  of  the  body  ends  anteriorly  in  an  obtuse  point,  which  cor* 
responds  with  the  anterior  termination  of  the  angolated  ridge,  and  does  not 
extend  by  any  means  so  far  forward  as  the  edge  of  the  right  side,  which  re- 
mains thin,  and  forms  the  anterior  extremity  of  the  body. 

<'  At  the  anterior  extremity,  the  large  oral  aperture  is  seen,  just  bdow  the 
angulated  ridge,  and  occupying  the  bottom  of  a  deep  fossa,  wludi  here  takes 
the  place  of  the  dorsal  and  ventral  grooves.  The  left  wall  of  this  fossa  is 
thickened,  and  projects  inwards  so  as  to  form  a  cushion-like  lobe,  clothed 
with  remai'kably  long  cilia ;  and  these  cilia  are  continued  into  the  oral  aper- 
ture itself, — ^the  posterior  ones  being  large,  usually  directed  transv^sdy  to 
the  axis  of  the  body,  and  having  at  times  much  the  appearance  of  vibratile 
membranes. 

**  The  bottom  of  the  oral  fossa  is  strengthened  by  a  curious  carved  rod, 
which  terminates  superiorly  in  a  bifid  tooth,  while  inferiorly  it  appean  to 
become  lost  in  the  wall  of  the  fossa. 

'^  But  there  is  a  much  more  prominent  and  easily  distinguishable  apparatus 
of  hard  parts  situated  on  the  opposite  or  ventral  side  of  the  mouth,  and  ex- 
tending Uience  through  two-thu^  of  the  length  of  the  body.  It  consists  of 
two  portions — an  anterior,  somewhat  rounded  mass,  in  apposition  witii  a 
much  elongated,  styliform,  posterior  portion. 

'*  It  is  very  difficult  to  assure  oneself  of  the  precise  structure  of  the  ante- 
rior portion ;  but  it  would  seem  to  be  a  deep  ring,  composed  of  three  pieces — 
two  supero-lateral  and  mutually-corresponding,  united  with  a  third,  inferior, 
azygos  portion.  The  latter  is  somewhat  triangular,  with  a  broad  base  and 
rounded  obtuse  apex, — ^the  latter  being  directed  forwards,  and  immediatdtf 
underlying  the  oral  aperture,  while  tiie  former  is  turned  backwards,  and 
unites  with  the  two  supero-lateral  pieces.  Each  of  these  is  concave  inter- 
nally, and  convex  externally,  so  as  to  form  a  segment  of  a  drde,  and  presents 
a  dear  median  space,  the  optical  expression  either  of  a  perforation  or  <rf  a 
much-thinned  spot. 

**  The  anterior  edge  of  each  supero-lateral  piece  is  nearly  straight ;  bat  the 
posterior  is  convex,  and  it  is  by  this  edge  that  it  articulates  witii,  or  is  ap- 
posed to,  the  anterior  extremity  of  the  posterior  division  of  the  apparatus. 
Viewed  laterally,  this  posterior  portion  appears  to  consist  of  two  styies, 
which  are  somewhat  like  nails  in  shape, — ^their  anterior  extremities  being 
truncated,  so  as  to  present  a  sort  of  nail-head,  while  the  posterior  ex- 
.  tremity  seems  to  taper  to  a  fine  point.  Bather  in  front  of  tiijo  middle  of  its 
inferior  edge  each  style  seems  to  give  off  a  short  process  downwards ;  and 
this  process  is,  in  botanical  language,  decurrent  upon  the  9tyle.  Garefdl 
examination  of  the  dorsal  or  ventral  aspect  of  these  parts  shows  that  the 
decurrent  process  is,  in  fact,  only  the  expression  of  a  delicate  membrane,  which 
is  bent  so  as  to  have  a  ventral  convexity,  and  connects  together  the  two 
st^es.  It  might  be  said,  therefore,  that  tiie  posterior  part  of  the  apparatos 
is  a  triangular  membrane,  deeply  excavated  in  fh>nt,  bent  so  as  to  be  conTex 
downwards,  and  having  its  margins  thickened  and  produced  into  styhfonn 
enlargements.  This  curious  piece  of  mechanism  is  directed  upwards  and 
backwards,  and  terminates  in  the  substance  of  the  body  without  any  aj^Mont 
ccmnexion  with  other  parts. 

^'  The  whole  apparatus  is  moveable.  The  po^ribr  portion  is  pushed  against 
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the  anterior ;  and  the  heads  of  the  styles  come  into  contact  with  the  posterior 
convex  edges  of  the  sapero-lateral  pieces,  and  push  them  forwaitU;  the 
posterior  portion  is  then  retracted,  and  the  whole  apparatus  returns  to  its 
previous  arrangement. 

'*  In  one  Dysteria,  which  had  swallowed  a  filament  of  OsdUatoria  so  long 
that  the  one  extremity  projected  from  the  mouth  when  the  other  was  as  &r 
back  in  the  body  as  it  could  go,  these  movements  took  place  as  many  as 
twenty  times  in  a  minute. 

*'  Mr.  Dyster  further  informs  me  that  in  one  of  these  animalfl  which  he 
saw  feed,  the  frond  of  Osdllatoria  was  rather  *  swum  upon '  than  seized — 
ingestion  being  accomplished  by  a  smooth  ghding  motion,  apparently  without 
displacement  of  the  styles, — ^but  that,  when  the  act  was  completed,  the  styles 

*  gave  a  kind  of  snap  and  moved  slightly  forwards.' 

'<  Mr.  Dyster  is  inclined  to  think  that  the  OsciUatoria  passed  through  the 
anterior  ring-like  portion  of  the  f^paratus.  I  have  not  seen  the  animal  feed, 
but,  on  structural  grounds,  I  should  rather  have  been  inclined  to  place 
the  oral  aperture  at,  and  to  suppose  that  the  food  would  pass  ahove^  the 
anterior  ring.  The  i^>paratus  is  destroyed  by  caustic  potash,  but  remains 
unaltered  on  the  addition  of  acetic  add ;  it  is  therefore  probably  entirely 
composed  of  animal  matter. 

**  Immediately  above  the  annular  portion  of  the  apparatus,  there  is  inva- 
riably present  a  remarkable  amethyst-coloured  globule,  apparently  composed 
of  a  homogeneous  fluid.  It  has  on  an  average  a  diameter  of  j^j^  in.,  and 
it  is  entirely  lodged  in  the  more  convex  portion  of  the  body.  In  many  spe- 
cimens no  other  colouring  matter  than  this  can  be  detected ;  but  in  some, 
minnte  granules  (y^i^nr  ^0  ^^  ^  similar  colour  are  scattered  through  the 
body.  What  connexion  these  have  with  the  large  constant  globule  is  not 
dear,  since,  although  the  dimensions  of  the  latter  vaiy  from  the  size  given 
above  to  one-four^  or  less,  no  relation  could  be  observed  between  this 
diminution  and  the  presence  of  the  granules  in  other  parts  of  the  body. 

"  Behind  the  amethystine  globule,  the  substance  of  the  body  has  the  ap- 
pearance, commcm  to  the  Infusoria  generally,  of  a  mass  of  'sarcode,'  in 
which  the  ingested  matters  are  imbedded,  and  no  dear  evidence  could  be 
obtained  of  the  existence  of  any  digestive  cavity  with  distinct  walls. 

**  A  little  behind  the  middle  of  the  body,  and  towards  its  ventral  edge, 
there  is  a  dear  spheroidal  *  contractile  space/  which  varies  a  good  deal  in 
size.  One  measured  ^  ^^^  ^th  of  an  inch  in  diameter,  and  became  entirely 
obliterated  in  the  contnicted  state. 

"  The  contractions  are  not  rhythmical,  but  take  place  irregularly.  On  the 
approach  of  death,  the  space  becomes  irregularly  and  enormously  enlarged, 
until  it  occupies  perhaps  a  third  of  the  whole  contents  of  the  body. 

«  Immediately  beyond  the  contractile  space  there  la  a  curious  oval  body, 
having  its  long  axis  (gj^^  in.)  directed  upwards,  and  containing  a  compara- 
tively small  central  cavity,  so  that  it  appears  like  a  thick- walled  sac. 

**  Indications  strongly  suggestive  of  an  inferior  opening  were  sometimes 
observed  in  this  body ;  but  no  demonstrative  evidence  of  the  existence  of  any 
each  aperture  could  be  obtained. 

**  The  waUs  of  the  ventral  groove  are  provided  with  long  and  powerfiil 
ciHa — a  remarkably  strong  one  being  attached  behind  the  base   of  the 

*  appendage ; '  and  by  their  means  the  animal,  when  free,  is  propelled  at 
no  very  rapid  rate  through  the  water.  Its  more  usual  habit,  howieyer,  is 
to  remain  fixed  by  means  of  the  peculiar  appendage ;  and  then  the  dlia  act 
merely  in  creating  currents,  by  which  nutritive  matters  are  brought  towards 
^e  mouth. 
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'<  The  appendage  referred  to  is  attached  to  the  snr&oe  of  the  body,  rathtf 
towards  the  convex  side,  at  the  bottom  of  the  ventral  groove,  and  is  distant 
about  one-fifth  of  the  whole  length  from  the  posterior  extremity.  It  is 
T^th  to  -nj^th  of  an  inch  in  length,  and  is  not  altogether  nnlike  a  boot 
with  a  veiy  pointed  toe  in  shape ;  and  the  toe  appears  to  be  viscid  at  its 
extremity,  so  as  readily  to  adhere  to  any  foreign  object.  The  a^^endage 
then  forms  a  pivot  on  which  the  whole  body  turns  about ;  and  this  appears  to 
be  the  habitual  and  fetvourite  position  of  the  Dysteria. 

"  Internally,  the  appendage  contains  a  canal,  wider  above  than  below,  and 
apparently  blind  at  each  extremity. 

"  No  '  nucleus '  could  be  found,  though  carefully  sou^t  for  with  the  aid 
of  acetic  add. 

^'  The  occurrence  of  transverse  fission  was  noticed  very  distinctly  in  one 
case ;  but  it  is  remarkable  that,  notwithstanding  the  great  number  of  speci- 
mens which  were  observed,  no  other  instance  of  this  mode  of  mnltiidieation 
came  under  the  notice  of  Mr.  Dyster  or  myself.  It  would  appear  that  the 
'  apparatus '  disappears,  and  is  reproduced  during  fission ;  for,  in  the  single 
case  observed,  mere  rudiments  of  it  were  to  be  seen  in  each  half  of  the 
strongly-constricted  mass. 

'^Dysteria  has  not  hitherto  been  observed  to  become  encysted,  although 
this  condition  has  been  carefully  sought  for. 

"  The  creature  was  found  in  swarms  among  the  AlgSB,  coating  the  sheDs 
of  a  Patella  and  a  Littorina  which  had  long  inhabited  a  marine  vivarium. 

**  There  can  "  (p.  82)  '*  be  little  doubt  as  to  the  true  systematic  poeotaoD 
of  Dysteria,  The  absence,  in  an  animal  which  takes  solid  nutriment,  d  an 
alimentary  canal  with  distinct  walls,  united  with  the  presence  of  a  contno- 
tile  vesicle,  with  the  power  of  transverse  fission,  and  with  cilia  as  locomotive 
organs,  is  a  combination  of  characters  found  only  in  the  Infaaona,  In  this 
dass,  again,  the  existence  of  a  sort  of  shell  or  larica,  constituted  by  the 
structureless  outer  layer  of  the  body ;  the  presence  of  a  submaiginal  ea£»ted 
groove  around  a  large  part  of  the  margins  of  the  body ;  and  the  inequality 
of  the  two  lateral  halves,  leave  no  alternative  save  that  of  arranging  Dy$Una 
near  or  in  the  Ewphta  of  Ehrenberg. 

<<  Indeed,  there  is  one  species  figured  by  Ehrenberg  {InfviMandkierdia^ 
p.  480,  pi.  42.  fig.  14),  Ewplotes  macrostylus,  found  at  'Wismar,  on  the  Baltic, 
which,  in  general  aspect,  and  in  the  possession  of  a  foot-Uke  appendage, 
so  closely  resembles  the  present  form,  that,  were  it  not  for  the  absence  of 
any  allusion  to  the  amethystine  globule,  or  to  the  '  apparatus,'  I  should  be 
strongly  inclined  to  think  it  identical  with  Dysteria.  That  an  internal 
armature  is  not  inconsistent  with  the  general  plan  of  the  Euplota^  is  shown 
by  Chlamidodon,  whose  apparatus  of  styles  would  probably  repay  le-exami- 
nation. 

*'  Notwithstanding  certain  analogies  which  might  be  shown  to  exist  be- 
tween the  manducatory  apparatus  of  some  Botifera  (see,  e,  g.,  that  of  Atm- 
laria  marina,  figured  by  Mr.  Gosse,  in  his  excellent  memoir,  PhU.  Trtms. 
1846)  and  the  '  apparatus '  of  Dysteria,  I  see  no  grounds  for  regarding  the 
latter  as  in  any  way  an  annectant  form  between  these  groups." 

Mr.  Gosse  dissents  from  this  conclusion  of  Prof.  Huxley  relative  to  its 
connexion  with  Euplota,  and  considers  it  a  member  of  the  £amily  MonMoer- 
eadece  among  the  Eotifera. 

«  Presuming,"  ho  says  (J,  M.  8.  1857,  p.  138),  "  Dysteria  to  be  an  In- 
fusorium, it  must  be  a  species  eui  generis,  with  no  dose  affinity  with  the 
Euplotidof.  An  animal  whose  soft  parts  are  enclosed  between  two  deeidiy- 
compressed  valves,  and  which  crawls  by  the  aid  of  a  hinged  shelly  foot,  is 
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widely  different  from  one  gresUy  dt^rtttedy  coTered  with  a  donal  plate,  and 
whoee  organs  of  locomotion  are  short  flexible  sets  scattered  over  the  soft 
yentral  &Qihx», 

**  But  I  am  by  no  means  sore  that  it  should  be  placed  among  the  Infusoria 
at  alL  Mr.  Hiudey  observes  that  *  the  absence,  in  an  animal  which  takes 
solid  nutriment,  of  an  alimentary  canal  with  distinct  walls,  united  with  the 
presence  of  a  contractile  vesicle,  with  the  power  of  transyerae  fission,  and 
with  dlia  as  locomotive  organs,  is  a  combination  of  characters  found  oidy  in 
the  Infusoria. 

**  Now  the  presence  of  a  contractile  vesicle,  and  of  locomotive  dlia,  are 
quite  as  eharacteristic  of  the  Botifera  as  of  the  Infusoria.  The  absence  of 
an  alimentary  canal  is,  I  think,not  proved :  it  seemed  to  me  that  the  animal 
possessed  a  defined  digestive  cavity,  though  very  ample.  In  Saeeuhu — an 
indubitable  Batiferofh  which  carries  its  laige  eggs  in  the  manner  of  a  Bra* 
daonus — ^the  alimentary  canal,  without  apparent  distinction  of  stomach  and 
intestine,  is  so  large  that  it  occupies  fully  five-sixths  of  the  whole  volume  of 
the  lorica ;  and  though  it  is  invariably  found  filled  with  a  green  Alga,  on 
which  the  animal  feeds,  the  walls  of  the  digestive  cavity  are  not  better  de&ied 
than  in  DyMteria.  There  remains,  then,  only  the  fiict  of  increase  by  trans- 
verse fission.  This,  I  confess,  b  a  strong  point,  if  well  established.  But  it 
does  not  seem  certain,  from  Mr.  Huxley's  words,  whether  he  witnessed  the 
progress  of  ccmstriction  from  an  early  stage  until  two  perfect  animals  were 
formed  out  of  one,  or  only  saw  an  individual  so  strongly  constricted  that  the 
result  seemed  legitimately  inferable.  If  the  latter  was  the  case,  is  it  not  just 
possible  that  it  was  an  example,  not  of  spontaneous  fission,  but  of  malforma- 
tion, instances  of  which  are  frequent  among  the  highest  animals  ?  It  is  highly 
worthy  of  note  that  the  nucleus,  so  characteristic  of  the  Inftisoria,  was  not 
fmmdy  even  under  carefid  search  with  aeeHe  add. 

**  The  presence,  position,  and  movements  of  the  foot,  hinged  as  it  is  upon 
a  tuberde,  and  the  form  of  the  principal  oigans  of  manducation,  seem  to  me 
to  determine  the  |dace  of  Dysteria  within  ^e  dass  Botifera ;  while,  at  the 
same  time,  the  lack  of  internal  motion,  the  apparent  want  of  distinct  musde- 
bands,  the  great  extent  of  the  vibratory  cilia,  and  the  absence  of  a  rotatory 
arrangement,  show  that  it  occupies  one  of  the  vanishing  points  of  the  dass." 

Mr.  Qoaee  next  proceeds  to  examine  to  which  group  of  Botatona  it  ap- 
proaches most  nearly,  and  condudes,  as  above  intimated,  that  it  ought  to 
have  a  place  in  the  femily  MonoeereadecBf  represented  by  the  genera  Mono- 
eerea  and  MatUgoeerea,  although,  at  the  same  time,  a  very  aberrant  genus. 
He  adds  **  that  it  has  also  remote  relations  with  the  SalpinadcB,  and  especially 
with  the  Coluridas  (through  Monura) ;  and  that  it  is  an  annectant  form  be- 
tween the  Botifera  and  the  Infusoria  (».  e,  the  Ciliata),  with  a  preponderance 
of  the  characters  of  the  former  dass." 
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Sect.  IV.— OP  THE  ROTATORIA  OR  ROTIFERA, 
(Plates  XXXn.-XL.). 

Gekir^  Chxeactebs. — Symmetrioal  animals,  having  a  distinct  head  and 
body ;  the  former  surmounted  by  a  wreath  of  cilia,  the  latter  presenting 
transverse  folds  or  joints,  with  a  simple  alimentary  canal  and  internal  maxil- 
lary apparatus ;  a  muscular  and  a  water- vascular  system ;  nerves  and  nervous 
ganglia,  but  not  arranged  in  a  symmetrical  chain ;  reproductive  oigans  sepa- 
rate in  opposite  sexes ;  and  propagation  without  undergoing  actual  metamor- 
phosis, by  ova  of  two  forms.  The  Rotatoria,  moreover,  are  destitute  of  limbs 
in  pairs,  but  have  mostly  the  posterior  extremity  of  the  body  produced  as  a 
powerful,  although  a  symmetrical,  organ  of  locomotion,  in  which  a  transverse 
articulation  is  particularly  evident. 

This  is  a  very  natural  group  of  animals, — ^its  characters  being  definite,  and 
readily  recognized  by  reason  of  the  comparatively  laige  size  and  transparency 
of  the  organisms.  The  name  Kotatoria,  sometimes  exchanged  for  BoUferay 
is  derived  from  the  apparent  whirling  or  wheel  (roto)-like  motion  of  the 
ciliary  wreath  around  the  head,  seen  in  most  species.  Since  this  rotary 
movement  is  not  universal,  and  at  best  but  an  ocular  deception,  some  ob- 
servers have  been  discontent  with  the  appellations  derived  therefrom ;  and 
Dujardin,  for  one,  has  suggested  as  preferable  the  term  '  SysiolicUs,^  as 
in£cative  of  the  remarkable  contractile  and  flexible  nature  of  their  bodies. 
They  are  also  still  spoken  of  under  the  old  name  of  <  wheel-animalcules ; ' 
indeed,  the  early  observers  of  the  class  actually  bdieved  the  animals  to  be 
furnished  with  wheels,  by  the  rotation  of  which  they  moved. 

ExTEBKAL  FoBM,  Inteottheitt,  AND  APPENDAGES. — ^Thc  Rotdfcra  are  S3rmme- 
trical,  and  in  this  respect  contrast  with  the  asymmetrical  Protozoa.  They 
present  a  determinable  dorsal  and  abdominal  surface,  and  consequently  a  right 
and  a  left  side.  They  have  an  oblong,  ovoid,  or  much-elongated  figure,  and 
are  mostly  separable,  by  the  presence  of  a  constriction  more  or  less  developed, 
into  an  anterior  segment  or  head,  and  a  larger  posterior  one  or  trunk.  The 
extension  of  the  latter  in  a  tail-like  fashion  may  be  regarded  as  a  third  seg- 
ment. The  constriction  or  narrower  portion  behind  Uie  head  is  frequency 
called  the  neck  ;  tins  is  wanting  in  many  cases,  and  then  the  head  is  undistin- 
guishable  from  the  trunk  as  a  distinct  section,  e.  g.  in  Notommata  MyrmeUo. 
On  the  contrary,  the  separation  of  the  head  from  the  trunk  is  well  seen  in 
Brachwnus  (XXXIX.  15-18;  XL.  11),  Stephanops  (XL.  8-10),  EuManis 
(XXXIX.  4),  Noteus  (XXXVIH.  25),  and  Melkerta  (XXXVH.  17).  The 
articulation  of  the  tail-like  s^ment  is  always  evident.  In  a  certain  number 
this  prolongation  is  wanting ;  and  the  animal  is  then  tailless, — e.  g.  AnurcM 
(XXXV.  495-498)  and  Saccidus  (XXXIX.  18). 

To  feudlitate  the  recognition  of  the  general  divisions  of  the  body  of  Rotatoria, 
considered  as  bilateral  symmetrical  animals,  Mr.  Qosse  furnishes  the  following 
remarks  (Phil,  Trans,  1855,  p.  424) : — The  bilateral  organization  is,  he  ob- 
serves, in  most  cases  '<  obvious, — ^the  motions  of  the  animal,  like  those  of  the 
footed  larvae  of  insects,  being  performed  on  the  belly,  with  the  head  foremost. 
Where  this  is  not  the  case  (as  with  those  genera  which,  either  with  or  with- 
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out  an  envelopiiig  tabe,  adhere  to  hnaga  substances  by  the  tip  of  the  foot, 
and  elevate  the  body  in  an  erect  position),  the  dorsal  aspect  is  always  deter- 
minable by  the  eye  or  eyes  being  towards  that  sor&ce,  by  the  stomach  and 
intestine  passing  down  it,  and  by  the  doaoa  being  on  that  side  of  the  foot. 
The  ventral  aspect  has  the  manducatory  apparatus  and  the  ovaiy." 

But,  besides  these  great  divisions^  all  the  Botifera  exhibit  transverse  lines, 
folds,  or  joints,  analogous  to  those  seen  in  the  Articulata,  especially  among 
the  Crustacea,  such  as  the  lobster  and  shrimp.  Mostly,  such  are  but  folds  or 
wrinkles,  and  not  tme  articulations,  in  the  Rotatoria  (though  perhaps  as  much 
so  as  the  like  in  the  larvse  of  many  insects),  and  consequently  disappear  on 
the  extension  of  the  animals.  However,  in  not  a  few  instances,  veritable 
articulations  occur, — e,  g.  Hydatina,  Eotifer,  Eosphora,  PhilocUna  (XXXVIU. 
1,  2).  In  Eueklanis  dilatata,  writes  Ehrenbeig,  the  abdominal  surface  pre- 
sents four  decided  articulations.  The  minimum  development  of  the  articulate 
condition  occurs  in  those  genera  the  most  removed  from  the  Kotatorial  type, 
viz.  in  Stephanoeeros  (XXXVlI.  1),  Lousinularia  (XXXYII.  19),  and  some 
anomalous  Notommata  (XXXVIII.  28),  which  only  present  fine  lines  under 
the  sur&ce,  looking  like  annular  threads.  The  construction  of  the  joints  is 
peculiar^  one  portion  or  s^^ent  sliding  within  another  after  the  manner  of 
the  tubes  of  a  telescope.  This  telescopic  action  is  best  illustrated  in  the 
genus  PhUodina,  where  the  entire  body  is  fusiform  and  articulated ;  but  it  is 
oftentlmed  to  be  seen  also  in  the  tail-process,  when  absent  or  imperfect  in 
the  rest  (^  the  body, — e.g.  BraehionuSy  Noteus  (XXXYIII.  25),  Stephanop^ 
(XL.  ^10),  Scaridiwn  (XXXVIII.  22).  An  incomplete  articulation,  or 
mere  wrinkling,  is  seen  in  the  pedicle  of  Megalotrocha,  Melicerta,  and  Lacinu-' 
laria  (XXXVH.  17-19). 

All  the  Kotatoria  are  invested  by  a  firm,  usually  smooth  and  elastic, 
integument  or  skin,  which  follows  the  contained  parenchyma  in  all  its  con- 
tractions, accommodating  itself  to  the  various  movements  of  the  body.  It  is 
more  deUcate  on  the  hc»ad,  where  the  cilia  are  inserted,  and  there  becomes 
continuous  with  the  membrane  of  the  interior.  It  is  composed  of  two  layers 
— an  external,  the  eutidey  and  an  inner,  immediately  subjacent,  the  dermis 
(XXXVIII.  26),  Where  the  structure  is  not  evident,  it  may  be  rendered  so 
by  the  use  of  diromic  acid.  The  cttUcU  is  homogeneous,  stiuctureless,  and 
firmer  than  the  dermis^  which  is  soft,  granular,  and  contains  in  its  thickness 
numerous  &t-globules  and  nucleated  particles  (XXXVII.  29).  The  latter 
tissue  acts  as  a  lining  to  the  general  cavity  of  the  body,  and  gives  attachment 
to  the  muscular  cords  of  the  interior.  It  is  much  developed  about  the  head, 
beneath  the  vibratile  ciliary  apparatus,  and  there  sends  inwards  numerous 
projections  or  lobes  (XL.  2),  which  Ehrenberg  assumed  to  be  of  a  muscular 
nature,  and  to  be  permeated  by  vessels  and  nerves.  At  other  parts  also, 
delicate  fibres  or  threads  are  seen  to  pass  inwards  from  the  dermis  to  the 
viscera,  sustaining  and  connecting  them  together.  These  fibres  have  some- 
times been  described  as  muscles,  at  other  times  as  nerves.  The  former  is 
apparently  their  true  nature,  although,  as  Cohn  believes,  nerve-fibres  may  be 
mixed  among  them. 

The  integument  is  histologically,  t.  e.  in  its  anatomical  nature,  a  connective 
tissue  derived  from  the  coalescence  of  branching  cells,  and  still  presents  in 
its  inner  layer  the  scattered  nuclei  of  the  original  cells,  in  the  form  of  the 
nucleated  particles  described.  Where  the  dermis  is  mudi  developed,  its  soft 
tissue  becomes  here  and  there  hollowed  out  into  dear  spaces  or  vacuoles, 
which  have  been  mistaken  for  nerve-ganglions,  especially  when  situated  in 
the  head  (XXXVII.  29).  So,  again,  at  the  posterior  part  of  the  body, 
behind  the  viscera,  and  in  its  prolongation  or  foot-process,  where  the  dermic 
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tissiK  abounds,  the  vacuolar  thickenings  have  be^i  conceived  to  rej^veent 
ganglions  or,  otherwise,  glands. 

llie  cuticle,  or  external  limiting  membrane  of  the  integument,  is  hardened 
by  the  deposition  in  it  of  the  peculiar  chemical  princi^  ehitkie,  the  same 
which  imparts  firmness  to  the  coveiing  of  Entomostraca,  Insects,  and  other 
Articulata ;  or  if  not  actually  chitine,  it  is  a  substance  closely  allied  thereto. 
This  is  Leydig's  opinion,  and  it  seems  sufficiently  confirmed  by  the  reaction 
of  chemical  agents.  Thus,  he  shows  that  caustic  alkali  (potash)  does  not  dis- 
solve the  cuticle  when  it  possesses,  as  it  usually  does,  moderate  firnmeas,  in 
other  words,  when  an  infusion  of  diitine  exists  in  its  substance.  Bat  when 
the  animal  lives  within  an  external  case,  and  does  not  need  the  protection  of 
an  immediately  investing  skeleton,  the  chitine  is  absent,  and  the  integument 
dissolves  in  ihe  alkali.  The  analogue  of  this  may  be  found  among  the 
Articulata. 

The  prevalent  opinion  has  been,  that  the  dense  cuticle  or  external  sikeleton 
of  Botifera  differed  from  that  of  the  Crustacea  and  other  Articulata  in  not 
being  of  a  chiiinous  nature;  and  this  hypothesis  was  used  in  arguments 
relative  to  the  affinities  of  the  Eotatoria.  Thus  Xaufinann  advances  it  as  a 
decided  distinction  between  this  dass  and  the  Tardigrada ;  but,  as  Leydig 
remarks,  the  skin  of  the  latter  animals  is  even  more  affected  by  potash  than 
that  of  the  Botifera  (see  section  on  the  Affinities  of  Botatoria). 

The  cuticle,  as  just  intimated,  differs  much  in  firmness  and  thickness  in 
different  species.  It  is  softest  in  those  which  live  in  an  external  case — e.  g. 
8t^phanoeero8,  MeUcerta,  TvbUolariay — and  in  such  as  are  invested  by  a 
gelatinous  sheath — e.  g,  Notommata  cenirwra.  In  DigUna,  Notommata  aunta 
(XXXYI.  3,  4),  Asplanckna,  and  others,  it  is  fimer,  but  still  flexiUe ; 
whilst  in  such  genera  as  Brachianus  (XXXTX.  16,  17,  21),  Noteus,  SalphOf 
and  Euchlanis  (XXXTX.  4)  it  attains  a  rigid,  homy  consistence,  resemUing 
that  of  the  shells  of  EtOomostraoa,  Even  where  the  skin  is  of  considerable 
firmness,  it  is  yet  capable  of  distension,  as  Perty  observed  in  the  Searidimi^ 
hngicaudum  when  its  stomach  was  stretched  with  food.  The  form  <^  the 
body  is  mnch  modified  by  the  degree  of  firmness  of  the  int^^ument.  When 
this  is  soft  and  yielding,  or  fiexible,  the  figure  is  rounded,  and  more  or  lees 
elongated,  and  may  taper  towards  one  or  both  extremities ;  bnt  when  tbe 
cuticle  is  much  hardened,  the  rounded  configuration  is  often  lost,  and  various 
irregularities  in  form  result.  For  example,  in  Met&pidia  and  in  EkiMam 
diUUata  (XXXYIII.  5)  the  body  is  ovate  and  compressed,  or  depressed ;  in 
EueMams  triquetra  it  is  triangular  (XXXIV.  443) ;  in  E,  h^pposideroi  and  in 
LepadeUa  (XXXTV.  430-432)  the  dorsum  is  convex,  the  abdominal  earhee 
fiat;  in  Noteus  quadrieorms  (XXXVIII.  25-27),  suborbicular  and  com- 
preraed ;  in  Mastigocerca  carinata  and  Baiulus  earinatus  (XXXIY.  438-440) 
it  is  prismatic,  with  one  angular  ridge  or  crest;  in  Colurus,  compressed 
laterally. 

There  is,  besides,  a  direct  relation  between  the  segmentation  of  the  integu- 
ment, the  perfection  of  its  articulate  condition,  and  the  d^;ree  of  firmness  of 
the  int^^ument.  The  soft-skinned  Botatoria  only  throw  thmr  bodies  into 
folds  during  contraction,  whilst  those  with  firmer  cuticle,  such  as  Philodmath 
develope  the  sliding  joints,  and,  lastly,  those  (e,  g,  L^^adeUa  and  EuMam) 
which  have  a  dense  homy  covering  present  two  or  three  decided  segmentB^ 
recalling  in  form  and  disposition  the  divisions  of  the  external  skeleton  of  tbe 
monocular  Entomostraca,  or  even  of  the  higher  Crustacea. 

Where  the  cuticle  is  condensed  into  a  rigid,  homy  lamina,  defending  tlte 
animal  like  the  aheU  of  a  Cmstacean  or  the  carapace  of  a  tortoise,  it  maj 
well  be  termed  a  testa,  testula,  or  lorica.     This  last  name  was  very  loosely 
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used  by  Ehrenberg,  being  alike  applied  to  the  soft,  pliant  skin,  to  the  hard 
shell-like  cuticle^  and  to  the  loose  and  large  external  cases  in  which  some 
Eotatoiia  live,  as  do  the  Coralline  Polypes,  in  a  cell  or  chamber.  If  limited, 
however,  in  its  signification,  as  above  suggested,  the  term  may  still  be  nse^ 
fblly  retained,  and  is  preferable  to  the  word  *  shell,'  which  peculiarly  belongs 
to  the  habitation  of  the  MoUusca.  By  some  authors  the  term  carapaee  is 
employed ;  but  to  this  there  occurs  a  similar  objection. 

The  loiica  received  from  £hrenbeig  various  names,  according  to  its  form. 
Where  a  firm  cuticle  entirely  enveloped  the  trunk,  leaving  the  head  and  tail 
free,  it  constituted  a  testula,  as  in  Pterodina ;  where  it  covered  only  the  iq)per 
sur&ce  and  sides,  it  formed  a  tcuteUvm  or  shield,  as  in  Monwra  (XXXIV* 
457—459).  The  term  *  carapace,'  employed  by  some  authors,  is  equivalent 
to  seuUUum.  The  anterior  and  posterior  openings  of  a  testule  vary  much  in 
different  q>edes ;  and  an  equal  diversity  occurs  in  the  space  left  uncovered 
by  a  scutellnm.  This  space  is  small  and  veiy  narrow  in  Euchlams  Lyneeus^ 
in  E.pyrifarmiSy  and  in  E,  deflexa.  In  the  laist,  moreover,  the  free  edges  are 
besit  outwards  at  right  angles.  In  several  genera,  again,  the  lorica  i^>pears 
composed  of  an  upper  and  an  under  plate,  or  is,  in  other  words,  bi^ved. 
This  is  seen  in  Dinocharia  (XXXIV.  454,  455),  SaJpina,  and  Colurui,  and 
resemblee  the  envelope  in  some  of  the  lower  Crustcieea,  as  Cypris,  In  a  few 
Eotifera,  e,g,  Euchlanis  (XX  X  VIII.  5),  the  lorica  appears  much  too  large, 
the  contained  viscen^  only  partially  filling  it.  An  increased  firmness  of  Uie 
lorica  enables  it  to  resist  decomposition  longer  than  its  soft  contents ;  hence 
the  oocurxence  of  empty  ones.  Where  the  int^;ument  is  of  sufficient  firmness 
to  present  an  anterior  and  posterior  margin,  it  is  subject  to  many  variations 
in  form.  Thus  it  may  be  truncate  in  frx)nt,  as  in  Hydatinoj  Diglma 
(XXXin.  403-405),  and  myarthra  (XXXVIH.  30);  or  behind,  as  in 
Notommata  FeUs,  It  ia  crescentic  in  Metopidia ;  deeply  and  widely  notched 
in  L^padeUa  patella ;  has  several  spines,  in  front  only,  in  Anuraxt ;  and  both 
anteriorly  and  posteriorly  in  Noteus,  Salpina  (XXXIV.  447-453),  and  Bra^ 
chioma  (XXXIV.  499-501).  Sometimes  the  spines  are  so  short  and  wide, 
that  the  border  appears  simply  dentated  or  undulated ;  in  other  cases,  spines 
may  be  long  and  strong,  and  themselves  dentated,  as  in  Noteua  quadricomi$ 
(XXXVin.  25).  Not  only  do  the  anterior  and  posterior  margins  difier,  but 
even  those  of  Uie  upper  and  under  surfeoe  of  the  lorica,  for  example,  in 
Salpina  9pinigera  and  in  S.  mucronata.  Animals  with  spines  projecting  from 
the  anterior  margin,  Ehrenberg  speaks  of  as  <  homed.' 

The  surface  of  the  integument  is  variously  modified.  Ths  slightest  change 
from  the  normal  smooth  condition  consists  in  a  shagreened,  dotted,  or  stippled 
sur&ce,  or  in  the  presence  of  fine  lines, — e.  g.  in  Anurcsa  inemm,  Dinocharia 
and  Diglena  laeustris.  In  Noi&mmata  centrura,  fine  sUky  prominences  clothe 
the  soiface.  In  Noteus  quadricorrUs  and  BroMontts  mUUaris,  the  points  are 
elevated,  and  give  the  surface  a  rough  (scabrous)  aspect.  lines  crossing  each 
other,  producing  a  tessdlated  or  reticulated  conation,  are  seen  in  Anvrasa 
eurvieorms  and  in  Brachionus  BaJceri ;  whilst  in  Anurcea  ie$tudo,  Braehumui 
maUaris  (XXXIX.  21,  22),  and  Notew  quadriearms  (XXXVPI.  25)  the 
lines  assume  the  character  of  ridges,  and  divide  the  surf&oe  into  squares  or 
faeettes,  Eadiating  or  curved  striae  are  seen  in  Anurcea  striata  and  A, 
foUaeea,  which  in  EuManis  Lyneeus  are  replaced  by  flutings. 

The  elevated  points  may  assume  a  frirtber  development,  and  project  from 
the  sur&ce  in  ihe  form  of  curved  spines  or  hooks  (actdei),  as  in  PkHodina 
aeuleata ;  or  they  may  be  so  extended  in  length  as  to  form  long  spines  or 
rigid  styles  or  setae  having  particular  frmctions,  as  in  Triarihra  (XXXVIII. 
30,  31,  32),  and  Polyarthra,  where  they  are  important  organs  of  locomotion. 
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In  the  last-named  genus  they  attain  a  still  more  complex  nature,  and  assume 
a  plumose  (feather-like)  structure  (XXXVIII.  30). 

The  opposite  condition  is  seen  in  depressions  or  pits,  few  and  scattered,  on 
the  surface  of  the  integument,  often  apparently  surrounded  by  a  margin. 
Illustrations  are  found  on  the  dorsum  of  Folyarihra,  of  Notommata  Myrmdeo, 
and  of  N.  Sieboldii  (XXXVH.  32). 

AU  the  markings  and  processes  of  the  integument  of  Eotatoria  are  produc-' 
tions  of  the  chitinous  cuticle,  just  as  hairs,  feathers,  horns,  and  claws  in  the 
Yertebrata  originate  from  the  epidermis.  They  are  similarly  affected  by 
chemical  reagents,  and  decompose  with  the  same  fiicility  as  the  integument 
which  supports  them.  They  are,  moreover,  of  much  value  in  supplying 
generic  and  specific  characters. 

Several  genera  possess,  in  addition  to  the  integument  immediately  investing 
them,  an  external  sheath  or  case,  to  the  bottom  of  which  they  are  attached 
by  a  prolongation  of  the  body  in  the  form  of  a  contractile  pedicle.  This 
external  sheath  received  from  Ehrenberg  the  particular  designation  of 
<  ureeolus ;  *  and  consequently  the  beings  inhabiting  it  were  said  to  be  urceo- 
lated,  or,  as  many  prefer  to  say,  are  *  encased.'  The  composition  of  the  case 
varies  greatly ;  for,  although  it  originates  always  as  a  secretion  from  the 
animal  itself,  the  substance  differs  in  di£Eerent  genera,  both  in  its  characters 
and  modes  of  formation:  moreover,  in  some  species,  particles  of  foreign 
matters  are  superadded,  to  give  it  strength  and  solidity.  

The  cases  of  Flascularia  (woodcut.  Part  II.)  and  Stephanoceros  (XXXVII. 
1)  are  colourless,  and  apparently  structureless,  and,  though  roomy,  are  visible 
with  difficulty  on  account  of  their  tenuity  and  transparency.  They  are  best 
demonstrated  by  the  addition  of  some  colouring  matter,  such  as  indigo,  to 
the  water  in  which  they  are  examiued.  An  exception  to  the  usually  trans- 
parent homogeneous  case  of  Floscularia  occurs,  according  to  Dr.  Dobie,  in  F. 
campantdata,  Dujardin,  again,  asserts  that  the  ureeolus  of  Floscularia  may 
vanish  during  the  lifetime  of  the  animal,  and  that  in  many  French  species 
it  is  always  absent ;  he  therefore  denies  its  value  in  generic  distinctions. 
His  statements,  however,  require  confirmation,  being  opposed  to  the  observa- 
tions of  other  naturalists. 

Again,  the  tubes  of  (Edstes,  Conochilus,  and  Lcudnularia  are  hyaline,  with 
a  more  gelatinous  consistence,  and,  in  the  two  last  genera,  adhere  together. 
In  Conochilus  the  individuals  are  aggregated  around  a  central  globule  of 
gelatine,  from  which  they  project  like  so  many  rays ;  whilst  in  (Ecistes  each 
ureeolus  is  free,  but  has  its  surface  encrosted  with  foreign  particles.  TM- 
colaria  (XXXII.  379)  has  a  thick  gelatinous  case,  of  a  milky  hue,  which, 
from  its  effervescing  on  the  addition  of  an  acid,  is  attributed  to  a  deposit  of 
carbonate  of  lime  within  it.  In  young  animals  the  case  is  quite  transparent. 
This  is  also  true  of  the  ureeolus  of  Limnias  (XXXVI.  2),  which,  as  it  grows 
older,  changes  to  a  brown  and  brownish-blaok  colour ;  and,  as  it  is  viscid, 
various  extraneous  bodies  affix  themselves  to  it.  In  one  newly-discovered 
species,  the  usually  smooth  surfeu^e  is  departed  from,  and  the  case  becomes 
annulated,  and  is  also  semitransparent.  Br.  Bailey  foimd  in  North  America 
a  species  of  Melicerta  with  a  brown  annulated  ureeolus.  But  the  most  re- 
markaWe  tubular  sheath  is  that  of  MeUcerta  ringens  (XXXII.  386 ;  XXXVI. 
1),  which  is  composed  of  equal-sized  lenticular  pellets,  of  a  brownish-red 
colour,  and  of  a  substance  secreted  by  the  animal  itself  and  deposited  in  a 
regular  oblique  or  spiral  series.  This  wonderful  phenomenon  will  be  cousi' 
dered  hereafter,  in  the  section  on  Secretion.  The  cohesion  of  particles  of 
foreign  substances  to  the  enclosing  tubes  is  seen  also  in  some  Annelida,  and 
in  the  aquatic  larvsB  of  certain  Insects. 
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.  The  QTcedbs  s^rveB  as  a  place  of  shelter  and  defence  for  the  adnlt  animal^ 
jind  alao  for  the  ova  it  dqKWfits.  The  latter  oft^i  remain  within  the  case 
until  they  are  hatched.  Tlie  neoeesity  for  shelter  is  entailed  by  the  fixed 
condition  of  these  Botatoria,  because,  onlike  the  free  animals,  they  cannot 
escape  their  pursaers  by  fli^t.  By  means,  therefore,  of  their  hi^ily  con* 
tractile  pedicles  they  can  entirely  withdraw  themselves  within  their  tabular 
dwelling,  until  the  threatening  danger  is  overpast.  Ehrenberg,  however, 
states  tiiat  the  animal  may  detach  itself  fnam  its  case  and  swim  away  free : 
if  this  be  trae,  we  must  sappose  it  will  again  affix  itself  and  proceed  to  con- 
struct  another  urceolus.  llie  possibility  of  this  acquisition  of  freedom  is 
favoured  by  the  analogous  detachment  of  Varticella,  and  the  formation  by 
them  of  a  new  pedicle  on  reattaching  themselves.  Empty  urceoli  are  indeed 
not  uncommon ;  but,  unless  the  process  be  witnessed,  it  is  impossible  to  say 
whether  the  inhabitant  has  quitted  its  abode  at  will,  or  disappeared  by  de« 
composition  after  death  or  by  becoming  a  prey  to  other  animals.  Mr.  Gosse 
noticed  that  a  MeUcerta^  which  had  its  case  slit  up  for  some  distance,  pro- 
truded itself  through  the  opening;  and  during  several  days'  observation, 
though  it  made  pellets,  they  were  never  deposited  in  order  to  repair  the 
breach,  but  were  allowed  to  float  away :  this  observation  does  not  support 
Ehrenberg's  above-cited  opinion.  Each  member  of  a  colony  of  adherent 
Botatoiia  is  generated  free,  and  swims  at  large  until  it  chooses  to  join  its 
feUowB  in  becoming  fixed.  The  encased  Botatoria  attach  themselves  to  any 
convenient  substance  in  the  water,  especially  the  stems  and  leaves  of  water- 
plants.  The  single  individuals  are  many  of  them  just  visible  to  the  naked 
eye ;  and  where  they  unite  in  compound  masses,  they  can  be  detached  in  the 
£orm  of  jelly-like  globules,  having  a  milky  hue,  often  ^th  of  an  inch  and 
upwards  in  diameter.  Tubes  of  MeUcerta  and  Tubieolaria  occur  from  ^th  to 
-^h.  of  an  inch  in  length. 

An  exteroal  envelope  is  found  in  a  few  free  Botatoria  in  the  form  of  a  soft 
gelatinous  coating, — ^for  example,  in  Notommata  Oapeus  and  N.  cerUrwra 
(XXKYm.  26).  In  the  latter  species,  moreover,  this  coat  exhibits  a  regular 
arrangement  of  fine  molecules  within  it,  and  a  consequent  apparent  striation* 
Ehrenberg  describes  the  confervoid  fibres  of  Hygrocrocu  as  sometimes  para* 
sitic  on  this  gelatinous  involuGre;  but  this  account  Leydig  doubts.  It  is 
certainly,  however,  not  improbable,  since  urceoli  of  every  variety  furnish  a 
lavoaraUe  nidus  to  parasites,  botli  v^;etable  and  animal;  and  this  writer 
himsdf  speaks  of  Vibrios  adherent  to  the  hyaline  case  of  StephanoceroSf  on 
the  surface  of  which,  as  he  imagines,  they  sometimes  give  rise  to  an  ap- 
parent striation. 

ApPENDAeES  OP  BoTATOBiA. — ^Each  great  division  of  the  body  is  furnished 
with  certain  prominent  parts  or  appendages,  adapted  to  supply  various  re- 
quirements of  the  economy.  The  appendages  of  the  head  and  neck  exceed 
all  others,  both  in  numb^  and  importance, — the  rotary  organ,  the  peculiar 
characteristic  of  the  class,  being  one  of  them. 

This  latter  organ  is  essentially  a  ciliated  wreath  or  circlet,  mo^tiy  sup- 
ported on  an  expanded  margin  or  disk,  and  subject  to  considerable  variations, 
which  are  employed  in  the  classification  of  these  animals ;  the  rotary  is  also 
called  the  rotatory  organ  or  disk,  the  trochal  disk,  at  times,  less  definitely, 
the  ciliated  disk  or  wreath,  or  the  wheel  organ. 

Ehrenberg  employed  the  rotary  organ  in  its  different  modifications  as  the 
besis  of  his  classification  of  the  Botatoria,  making  two  chief  types,  in  one  of 
which  the  ciliated  ring  was  single  and  complete,  in  the  other  subdivided  into 
several  independent  portions  or  secondary  wheels.  A  subordinate  type  pre- 
sented two  equal  symmetrical  drdets  of  cilia,  forming  a  pair  of  wheds.     Tg 
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the  first  of  these  groups  he  gave  the  name  of  SarotrodMy  to  the  seccmd  Pohf^ 
troeha,  and  to  the  last  Zygotrocha,  The  ftirther  sahdivisions  which  he  formed^ 
and  the  names  he  appHed  to  the  varieties  of  the  rotary  oi^gan,  will  he  ex- 
plained in  the  section  on  Classification*  The  belief  in  aetoally  oompoond 
trochal  disks  has  been  shared  by  nearly  all  observers,  and  both  Perty  and 
8iebold  adopt  it  along  with  Ehrenberg's  dassificatian.  On  the  other  hand, 
it  is  denied  by  Leydig,  who  affirms  that  the  disk  is  never  divided  into 
such  secondary  wreaths  or  lobes,  bat  always  constitutes  one  ocmtiniums 
margin,  variously  extended  and  folded,  and,  it  may  be,  fbmished  with  inde- 
pendent accessory  ciliated  dii^.  This  able  writer  remarics — **  It  is  only  to 
the  exceptional  genera  Stephanoeeros  and  Floicularia,  that  Ehrenberg's  term 
Polytrodia  can  be  rightiy  applied.  In  truth,  an  obs^ration  recorded  by  the 
great  micrographer  himself  negatives  his  hypothesis  of  polytrochous  division, 
that,  viz.,  where  he  applied  strychnia  to  Ihe  rotary  oigan  of  Hydaimay  wfaieh 
became  thereby  reduced  to  a  simple  whorl  of  dlia." 

The  various  degrees  of  complication  assumed  by  the  trodial  diak  are  tiius 
detailed  by  Leydig : — '*  It  forms  a  simple  ciliated  margin  around  the  mouth 
of  Nototnmata  tardigrada ;  in  St^Tianops  (XL.  8,  10)  it  is  wider,  more  pro- 
minent, and  triangular ;  in  EuManidota,  Folyarthra  (XXXYIII.  30),  2>i- 
glena,  Distemma,  Hydatina  (XL.  1),  Plewrotrocha^  and  others,  it  oceiq>ie8  the 
entire  periphery  of  the  head,  and  is  not  at  all,  or  but  veiy  sligjitly ,  (rfevated 
as  a  diistinct  disk  above  it ;  in  Notommata  Oapeus,  N.  aurita  (XXXVI.  4), 
and  in  Synchcgta,  it  is  enlarged  and  elevated  as  a  distinct  disk  on  each  side  of 
the  head,  forming  the  ^*  ears  "  so  called  by  Ehrenberg ;  in  other  instances  it 
is  enlarged,  and  projects  on  the  venial  sui^ace  of  the  animal  like  adliated 
trunk  or  proboscis.  A  higher  development  is  seen  in  BraManus  (XXXIX. 
15-18)  and  PhUodma,  where  the  ciliated  border  is  involuted  and  extended 
upwards  laterally  (XXXVIII.  2) ;  and  lastiy,  in  Megalotrocha,  LadmdariOj 
MeiMerta  (XXXVI.  1 ;  XXXVII.  17),  and  Limnias  (XXXVI.  2),  the  high- 
est complexity  is  reached,  and  the  trochal  disk  appears  to  be  an  iq^pendage 
surmounting  the  head,  expanded  in  the  form  of  a  sinuous  or  lobed  ciliated 
margin."  In  the  variety  last  mentioned,  Mr.  Gosse  speaks  of  the  expanded 
lobes  under  the  name  of  ^'  petals." 

The  row  of  cilia  fringing  the  rotary  oigan  is  often  single,  but  in  several 
species  is  double,  and  even  treble.  Mr.  Huxley  has  noticed  its  double  con- 
dition in  Lacmularia  soeiaUs.  To  quote  his  description — *'  The  edge  of  the 
disk  has  a  considerable  thickness,  and  presents  two  always  distinct  nuugins, 
an  upper  and  a  lower,  of  which  the  former  is  the  thicker,  and  extends  beyond 
the  latter.  The  large  cilia  are  entirely  confined  to  the  upp^  maigin,  and 
form  a  continuous  horse-shoe-shaped  band,  which,  upon  the  oral  side,  passes 
entirely  above  the  mouth.  The  lower  margin  is  smaller  and  less  defined  than 
the  upper ;  its  dlia  are  fine  and  small,  not  more  than  one-fourth  the  siie  of 
those  <xf  the  upper  maigin.  On  the  oral  side  this  lower  band  of  Giha  forms 
a  V-shaped  loop,  which  constitutes  the  lower  and  lateral  margins  of  tiie  ond 
aperture.  About  the  middle  of  this  margin,  on  each  side,  tiiere  is  a  small 
prominence,  from  which  a  lateral  ciliated  arch  nms  upwards  into  the  buccal 
cavity,  and,  below,  becomes  lost  in  the  cilia  of  the  pharynx.  The  spertait 
of  the  mouth,  therefore,  lies  between  the  upper  and  lower  ciliated  bandi 
(XXXVIII.  21)." 

Pro!  Williamson  has  signalized  a  like  arrangement  in  MeUeerta  (XXXVIL 
17),  and  Leydig  in  Braehionus,  Pterodina  (XXXVm.  29),  and  MtgdUOrodugm. 
The  latter  writes— "  On  the  free  surface  of  the  head  oiBraMtmw  (XXXVm. 
14,  15),  two  lateral  and  and  a  median  lobe  elevate  themselves,  which  Huxkj 
oompares  to  the  two  ciliated  borders  of  Laeinularia, — an  interpretation  that 
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has  very  many  arguments  in  its  tayoiui,  and  in  support  of  which  I  may 
adduce  the  structure  of  the  rotary  organ  of  Pterodtna.  This  species,  helong- 
ing  to  the  fiunily  of  BracfUoncea,  has  its  free  projecting  lohes  furnished  with 
a  doahle  row  of  cilia,  analogous  to  what  occurs  in  Megdlotroeha.  Hiat  the 
wheel  organ  of  PhilodmoBa  also  is  referrible  to  the  same  type^  is  evident 
trota  the  account  Huxley  gives  of  it." 

CSohn  {Z^tBchr.  1866,  vii.  p.  437)  describes  two  complete  rows  of  dlia, 
besides  fhre  or  six  special  dliaiy  bundles,  on  the  head  of  Htfdatina  senta 
(XL.  1).  On  the  outer  margin  is  an  imbroken  row  of  long  and  fine  ciha, 
extending  thence  into  the  oral  fissure,  and  still  fhrther,  into  the  ossophagus. 
Witiiin  this  circle  is  an  interrupted  one  formed  by  6  or  7  (Ehrenberg  counted 
11)  bundles,  having  few  or  many  broader  and  longer  ciha,  nearly  resembling 
the  setae  on  Styhnyehia,  and  supported  on  as  many  cushion-hke  eminences. 
Lastly,  the  third  series  is  unbroken  like  the  first,  and  composed  of  finer  cilia, 
disposed  in  a  quincundal  mannar  in  two  hnes.  All  the  parts  of  this  ciliaiy 
apparatus  woric  harmoniously  t<^;ether  in  effecting  the  movements  of  the 
animal  or  in  securing  the  capture  of  food. 

The  figure  of  the  trochal  disk  (XXXVin.  14, 15,  20,  21)  varies  exceed- 
ing, as  the  quotation  from  Leydig  indicates,  and  is  especially  influenced  by 
the  addition  of  supplementary  aHated  eminences.  In  Megalotroeha  (XXXII. 
374-378)  the  disk  is  horse-shoe-shaped ;  in  MeUcerta  it  is  petaloid,  or,  as 
Prof.  Wilhamsan  called  it,  ,/laMZt/orm;  in  Eotifer  it  is  seen  imder  two  forms, 
acooirding  to  its  degree  of  expansion,  either  as  a  single  conical  OToinence,  or, 
when  completely  unfolded,  as  two  cylinder-like  processes,  one  on  each  side 
of  the  head,  apparently  ^diorHng  like  two  wheels.  In  the  fiunily  Braekio- 
nflBa  (£hr.)  accessory  disks  or  processes  give  rise  to  much  oompUcation 
(XXXIX.  16-22).  Ehrenbei^  (Ascribed  t^  family  as  having  two  ciliated 
organs— a  central  one  of  three  parts,  and  a  lateral  one  of  two, — the  latter 
bcuig  the  true  wheel  organ,  and  the  former,  frontal  processes  which  are  stiffly 
extended  whilst  the  rotary  oigan  is  in  action.  An  appendage  such  as  that 
last  named,  in  Noteus,  he  designates  a  three-lobed  cihated  brow. 

Exceptional  or  aberrant  forms  of  the  ciliated  disk  are  seen  in  Flosevlarta, 
in  8tq)hMoeero$,  and  in  Lmc^  (XXXIX.  1,  3).  In  the  first,  the  head 
(XXXVn.  1)  is  surmounted  by  five  ciliated  fiattened  lobes,  endii^r  in  knob- 
fike  processes  which  bear  very  long,  divergent,  non-vibratile  haini  or  ciha 
of  mnficxrm  thidmess  (see  woodcut.  Part  11.).  <<  These  exceptional  dlia,"  says 
Dr.  Bobie,  **  are  slowly  moved  and  spread  out  by  the  contractile  substance 
of  the  lobes  of  the  rotary  organ."  In  Stephanoceros,  the  departure  from  the 
noarmal  structure  is  stQl  greater  (XXXVII.  1), — so  much  so,  that  the 
ciliated  i^ipendages  have  no  claim  to  the  title  of  a  rotary  oigan.  Five  long 
arms  extend  from  the  head,  like  five  tentacles,  covered  by  ciha  in  rings  (ver- 
tieellate  dlia).  These  arms  not  only  act  like  a  common  trochal  disk  by  pro- 
dndiig  a  vortex  directing  all  partides  within  its  range  to  the  mouth,  but  also 
as  organs  of  prehendon,  dosing  themselves  on  any  larger  object  which  may 
eome  within  their  grasp.  This  ciliated  armature  around  the  head  bears  a 
doae  resCTBblance  to  that  of  the  dUo-brachiate  Polypes  or  Bryozoa,  to  which 
dssB  ci  »nnn»UL^  xudeed,  several  distinguished  naturalists  have  referred  the 
genus  SUfhanoceroe^  not  merely  on  account  of  this  cme  affinity  named,  but 
ako  frtvm  several  other  coinddent  characters.  A  tiiird  pecuHar  form  of  rotary 
organ  has  been  recently  pointed  out  by  Cohn  in  Idndia  (Zeitschr.  1868,  p. 
2^^).  It  takes  the  form  of  a  dub-shaped  process  on  dther  dde  of  the  head 
(XXXIX.  1,  3),  having  its  extremily  somewhat  expanded  and  spherical. 
(SUn,  exist  only  on  the  round  summits  of  these  processes  ;  there  is  no  whorl 
aioand  ^e  marghi  of  the  head,  none  elsewhere  on  the  body ;  and  this  ex- 
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J  be  adduced  as  that  of  the  least  complicated  rotary  organ  among 

these  aberrant  forms  alone  that  the  ciliated  apparatus  can  be  strictly 
olytrochous ;"  in  them,  also,  the  wheel-like  motion  is  completely 
Chis  peculiar  motion,  on*  the  contrary,  is  most  evident  where  the 
a  simple  circle,  as  in  ConochUus  and  Adinums,  or  where,  as  in 
d  Philodina,  it  is  peculiarly  involuted,  although  continuous.  Where, 
trary,  it  is  interrupted  by  a  notch  at  any  point,  or  is  sinuated,  or 
d  by  supplementary  processes,  as  in  Hydiuina  (XL.  1),  IHglena, 
ommata  (XXXYII.  29,  32),  Si/nehcgta,  &c.,  the  illusion  of  oom- 
iutions  vanishes. 

Ly,  the  belief  existed  that  an  actual  whirling  of  the  ciliated  cephalic 
IS  took  place,  and  that  the  little  auimals  moved  along,  by  the  aid  of 
els,  after  the  manner  of  a  steamer  with  its  paddle-wheels.  Such 
I  is  no  longer  entertained ;  and  various  explanations  of  the  apparent 
tion  are  now  offered  in  its  stead.  Dutrochet  attributed  it  to  the 
1  of  a  delicate  membrane  fringing  the  head  of  the  Rotatoria, 
xplains  it  by  supposing  the  distinct  cilia  to  become  visible  by 
uming  to  an  erect  state,  after  having  previously  been  suddenly 
irenbeig  assumed  the  existence  of  four  muscles  at  the  base  of 
n, — each  muscle  acting  in  its  own  direction,  and  so  producing  a 

around  the  fixed  point  of  attachment  or  base  of  the  dlium.  In 
each  cilium  would  be  alternately  nearer  to  or  more  remote  from 
nd  more  or  less  visible. 

r  explanation  has  been  offered  by  Bujardin.  He  says — ''  The  vibra- 
eing  arranged  parallel  and  at  equal  distances,  will  equally  refract  or 
bhe  light,  and  none  will  be  more  visible  than  the  rest ;  but  if,  by  a 
;  propagated  along  the  row  of  cilia,  some,  momentarily  inclined,  are 
ito  juxtaposition  with  adjoining  dlia,  the  li^t  will  be  more  inter- 
d  a  band  more  or  less  dark  will  be  the  result.    It  can  be  imagined, 

that  if  the  cilia  come  to  be  inclined  one  after  another,  a  series  of 
ions,  or  of  apparent  intersections  wiU  be  produced  in  the  direction 
eral  movement.  Further,  if  cadi  of  the  intersections  preserve  the 
1,  as  if  produced  by  a  number  of  equal  lines,  and  are  equally  in- 
tsch.  other,  an  appearance  of  a  solid  body  of  a  definite  fonn,  like  the 

saw  or  the  spokes  of  a  wheel,  moving  uniformly,  presents  itself  to 

ion  of  the  trochal  disk  is  under  the  control  of  the  animaL  The 
vement  can  be  arrested  at  will  or  exercised  with  varying  rapidity ; 
ole  organ  may  be  retracted,  partially  or  entirely,  within  the  body, 
ipletely  with<irawn,  the  dliary  wreath  can  fr^uently  be  detected 
9  part  of  the  animal,  oftentimes  deep  within  the  trunk,  and  gene- 
le  form  of  a  striated  cylinder  at  the  bottom  of  a  funnel-like  canaL 
»te  retraction  the  anterior  extremity  of  the  body  is  involuted,  or 
iwards,  and  supports,  as  it  were,  the  ciliated  wreath  within,  wl^lst 
ictiliiy  of  the  integument  at  the  margin  closes  the  entrance  pretty 
r,  giving  a  more  or  less  conical  outline  to  the  fore  part  of  the  ani- 
)tVII.  19;  XXXIX.  17).  In  complete  retraction  of  the  trodial 
antenna-like  processes  which  may  be  seated  on  it  are  also  with« 
«it  at  other  times,  when  the  inversion  is  incomplete,  these  processes 
bo  project  from  the  head,  and  in  the  process  of  evolution  are  always 
o  appear,  as  if  intended  to  test  the  safety  of  unfolding  the  delicate 
eath. 
'ersion  of  the  ciliary  apparatus  and  appendages  is  effected  by  strong 
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mosdea  arising  wi^'n  the  abdomen,  which  draw  downwards,  and  therefore 
inwards,  the  disk  to  which  they  are  attached.  At  the  commencement  of 
their  traction,  they  draw  together  the  sides  of  the  ciliary  whorl,  then  poll 
inwards  the  dlia,  which  are  previously  collected  in  a  cylindrical  manner,  and 
at  last  cause  the  inversion  of  the  int^^ument  immediately  beneath  the  disk, 
when  the  now  anterior  extremity  of  the  body  contracts  itself  upon  the  in- 
cluded parts.  This  process  of  involution  may  be  arrested  by  the  animal  at 
any  stage ;  thus,  sometimes  it  is  stayed  when  the  cilia  are  grouped  together 
in  a  cylinder-like  heap,  and  still  project  from  the  head  like  a  pencil ;  or, 
as  above  m^itioned,  the  cUia  may  be  withdrawn,  and  some  process  or  an- 
tenna be  left  protruding.  The  collection  of  the  cilia  into  a  brush-like  group 
during  the  process  of  retraction  is  well  exemplified  in  the  long  cilia  of  Floi- 
eularia ;  and  in  Botifer  and  PhUodina  we  have  a  special  example  of  the  pro- 
trusion of  a  ciliated  process  during  the  involution  of  the  major  part  of  the 
trochal  disk  (XXXVlXI.  1).  In  the  genera  last  cited,  this  median  process 
serves  as  the  anterior  organ  of  progression  when  the  animals  advance  in  a 
leech- like  manner,  and  disappears  when  the  pair  of  trochal  organs  are 
evolved  and  the  crawling  movement  is  changed  to  swimming. 

The  retraction  of  the  trochal  disk  we  may  suppose  to  be  controlled  by  the 
will  of  the  animal  to  arrest  its  motion  or  to  avoid  danger.  Another  motive 
is  conceivable,  especially  in  the  case  of  the  attached  species :  for  the  cilia, 
when  in  active  operation,  attract  every  sort  of  particle  within  their  vortex — 
as  well  those  appropriate  to  nutrition  as  others  noxious  or  which  have 
been  lately  discharged  and  still  float  about  the  animal ;  hence  it  may  be  ne- 
cessary to  arrest  their  action,  withdraw  the  disk,  and  close  all  access  to  the 
interior,  until  these  unflt  substances  are  floated  away  and  have  been  replaced 
by  others. 

The  ciliated  mechanism  of  the  head  is,  as  just  hinted,  the  active  agent  in 
procuring  food,  by  dragging  within  its  vortex  the  nutritive  particles  in  reach, 
and  transferring  them  to  the  mouth,  which  is  so  situated  that  the  current 
produced  sets  Erectly  into  it.  Where  the  ciliary  wreath  is  double,  as  in 
Melicerta,  "  the  food  "  (to  use  Prof.  Williamson's  description)  "  that  reaches 
the  mouth  is  whirled  around  the  wheel-organs  along  the  groove  that  sepa- 
rates the  two  circlets  of  cilia;  and  since  these  circlets  diverge  near  the 
'  chin '  (or  flfth  ciliary  lobe),  the  mouth  being  located  between  them,  the 
food  is  necessarily  conveyed  directly  to  the  latter  organ.  The  two  sets  of 
marginal  dlia,  by  bending  towards  each  other  whilst  in  motion,  almost  con- 
vert this  groove  into  a  sinus,  especially  in  the  two  large  segments."  But 
besides  locomotion  and  nutrition,  the  rotary  apparatus  must  be  admitted  to 
subserve  the  function  of  respiration,  both  by  its  own  delicate  structure,  and 
by  its  action  in  constantly  renewing  the  water  around  the  animal ;  also,  by 
forcing  fluid  within  the  alimentary  canal,  it  may  serve  to  aerate  and  renew, 
by  endosmosis,  the  fluid  in  the  general  clivity  surrounding  the  viscera. 

In  the  fixed  species  of  Botatoria  the  rotary  organ  can  have  no  locomotive 
use,  merely  subserving  the  functions  of  nutrition  and  respiration.  In  addi- 
tion to  the  rotary  organ,  the  head  is  often  beset  with  various  appendages 
in  ihe  shape  of  styM)rm  and  tubular  processes,  lobes,  disks,  uncini,  and 
spines.  These  are  situated  either  within  the  circle  of  the  ciliary  wreath  on 
its  margin,  or  immediately  external  to  it.  Examples  of  tapering,  styhform, 
and  bristle-like  processes  are  found  in  Notommata  MyrmeUo,  Monocerca  bi- 
eomis,  in  Synchata,  Monostvla,  Brachionus,  and  others.  On  the  head  of  Cono^ 
chilus  are  four  stout  wart-hke  elevations.  In  Polyarthra  platyptera  two  long 
bristles  project  from  near  the  mouth,  each  bent  on  itself  midway  at  a  right 
angle  (geniculate).    Dujardin  describes,  in  his  genus  Colurelia,  an  uncinate 
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endage  surmounting  the  trochal  disk.  In  Braehionus  wceolaris 
f  16),  straight  non-vibratile  cilia  occur  between  the  ciliated  lobes 
organ ;  and  in  Polyarthra  there  are  fleshy  tentacular  appendages, 
I  suggests  are  antennae  or  feelers.  The  2-4  styliform  processes 
Ehrenberg  supposed  to  possess  prehensile  powers.  In  Coiuh' 
recesses,  terminated  by  bristles,  project  firom  the  ciliary  disk ; 
ire  two  curved  hooks.  To  some  of  these  appendages,  and  to 
the  head,  various  fanciful  names  have  been  g^ven,  borrowed 
remote  resemblance  in  appearance,  situation,  or  function  to  parts 
le  higher  animals.  For  instance,  on  each  side  of  the  head  of 
urita,  N.  Copeus,  and  Diglena  auritay  a  lobe  of  the  trochal  disk  is 
I  or  elongated  than  the  rest,  and  has  received  the  appellation  of 
auricular ; "  the  2-4  supplementary  processes  of  the  head  of 
XXXVIII.  30  a,  h)  have  been  called  "  horns," — a  name  applied 
projection  in  other  Eotatoria. 

\op$  a  prominent  scale-like  process  of  the  head  is  known  as  the 
i.  8-10).  Mr.  Gosse  speaks  of  a  projecting  spoon-shaped  lobe 
covered  with  cilia,  as  the  chin,  which  Williamson  recognizes  as 
"  of  the  wheel  organ  (XXXVII.  17  c).  The  latter  writer,  again, 
Schaffer  the  appellation  of  "  lips  "  for  two  hook-hke  appendages 
f  Melicerta,  and  further  describes,  on  each  side  the  <»*al  aperture^ 
g  "  flattened  lobes,  with  ciliated  margins  continuous  with  those 
which  obviously  assist  in  directing  the  food  into  the  oesophagus." 
iberg  frequently  employs  the  term  "  frontal  region  "  or  forehead, 
)  anterior  surface  of  the  head. 

bular-looking  processes,  frequently  fdmished  with  a  pencil  of 
atile  cilia  or  bristles  at  the  extromity,  have  gained  particular 
owing  to  the  functions  assigned  them  by  Ehrenberg  and  others. 
e  from  the  head  near  the  trochal  disk,  and  more  commonly  from 
I  is  seen  in  Botifer,  Philodina  (XXXVIII.  20),  Braehumus 
15 ;  XL.  11),  ActinuruSy  in  Euchlanis  Lyneem,  in  Melicerta 
7),  in  Salpina  muertmata,  in  Notommata  clavtUata,  N.  Myrfneleo, 
and  other  species.  In  all  the  above  the  appendage  is  single, 
oUria  and  Melicerta  (XXXVII.  17  d)  it  is  double.  In  CaUi- 
!rg  mentions  a  thickly-ciliated  proboscis,  apparently  retractile,  and 
le  trochal  disk ;  occasionally,  instead  of  terminating  by  a  bunch  of 
rocesses  have  a  horn-like  prolongation,  as  in  Notommata  eenimra 
ts.  The  short  conical  elevations  of  Synchcsta  and  Pokfarihra 
same  category  with  the  tubular  variety.  A  long  flabeUiform 
3  in  connexion  with  one  of  the  dliary  lobes  of  Floseidaria,  which 
1  a  proboscis,  and  supposed  to  be  tubular.  Ehrenberg  has  as- 
fTerent  appellations  to  these  tube-like  appendages.  At  one  time 
a  process  a  spar  (**  calcar  "),  and  imagines  that  it  subserves  the 
'ocess  as  an  intromittent  organ ;  at  another  he  ropresents  it  as 
tube  (jsipkim),  through  which  water  may  enter  to  act  on  the 
(gills)  seen  within  the  abdomen.  The  former  view  has  found 
B,  and  is  entirely  set  aside  by  our  present  knowledge  of  the 
act  of  the  Eotatoria ;  the  latter  has  been  admitted  by  several, 
I,  by  Siebold,  although  recent  researches  now  render  it  untena- 
)n8trate  the  analogy  of  these  appendages  with  the  feelers  (an- 
Jpi)  of  Entomostraca  and  other  Crustaceans.  Dujardin  seems 
ttie  first  to  suggest  the  analogy  mentioned.  Beferring  to  these 
to  others  less  considerable,  terminated  by  a  bundle  of  stiff  cilia, 
that  they  recall,  to  some  extent,  the  palpi  and  antennae  of 
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Entomoetraca  and  Cypris,  and  that  no  trace  of  the  entranee  or  exit  of  water 
is  perceptible^  even  when  particles  of  oolooring  matter  are  diffused  through 
the  Hquid,  calcftlated  to  indicate  the  slightest  current." 

Since  lids  was  written,  Perty,  Gosse,  Williamson,  Huxley,  and  Leydig  in 
particular,  have  minntely  studied  the  point  in  dispute,  and  coincide  with  the 
French  naturalist  as  to  ^e  non-perforated  character  of  the  organ,  and  its  ho- 
mology with  antennae.  Mr.  Gosse  writes — ''  The  tubes  or  spurs  on  each  side 
of  the  head  (of  MeUeertd)  below  the  chin  (XXXVJJL.  17  dd)Kte  evidently 
consimilar  wHh  the  antennsB  of  Botifer,  &e.  There  is  a  slender  piston  in 
each,  capable  of  being  retracted,  and  bearing  at  its  extremity  a  tuft  of  very 
fine,  divergent,  motionless  hairs.''  Mr.  Williamson's  account  is  more  detailed ; 
he  ealLs  l£em  ''  tentacles,"  and  states  that,  when  fully  protruded,  they  are 
seen  '<  to  be  terminated  by  a  brush  of  fine  divergent  setse  implanted  on  the 
convex  side  of  a  small  deltoid  body  (the  piston,  Gosse)  (XXX  Vn,  12) ;  from 
the  flat  aide  of  this  latter  appendage  there  proceeds,  along  the  interior  of  the 
tube,  towards  the  body  of  the  animal,  a  ddicate  muscular  band  (XXXYII. 
13,  14),  which,  by  its  contractions,  draws  the  deltoid  body  backwards,  thus 
inverting  the  extremity  of  the  tube,  and  forming  a  double  sheath  protecting 
the  sets  (XXXYn.  14).  This  inversion  of  the  tube  was,  we  believe,  first 
noticed  by  Dutrochet.  The  whole  apparatus  is,  as  suggested  by  Schaffer,  very 
similar  to  that  seen  in  the  tentacles  of  the  snail,  and  appears  to  constitute  a 
tactile  rather  than  a  respiratory  organ.  This  is  rendered  more  probable  by 
the  fact  that,  when  the  animal  first  emerges  from  its  tessellated  case,  the  ex* 
trendties  of  these  two  tentacles  are  the  first  parts  that  make  their  appear- 
ance (XXXVII.  17  d  d), — ^the  two  curved  hooks  being  the  next  (XXXVII. 
17  6).  The  set»  are  usually  half  drawn  into  the  inverted  tentacle ;  but  they 
project  sufiidently  forward  to  constitute  delicate  organs  of  touch,  supposing 
the  deltoid  body,  into  which  they  are  inserted,  to  be  endowed  with  sensi- 
bility. The  anunal  cantionsly  protrudes  these  tentacles  before  it  ventures 
to  unfold  its  rotary  organs,  but  it  does  not  direct  them  in  an  exploratory 
manner  from  aide  to  side,  as  an  insect  does  its  antennse." 

But  there  are  many  strictly  homologous  processes  with  a  terminal  tuft  of 
sets  which  are  tubular  and  not  retractile,  or  otherwise  neither  tubular  nor  re- 
tractile, but  hom-Hke  in  figure,  or  merely  conical.  Examples  occur  in  Notom^ 
mata  MyrmeUo  (XXXVni.  26  h)  and  N.  SiehoUii  (XXXVni.  32  g),  and 
in  the  shorter  conical  elevations  on  the  disk  of  Synchceta  and  Polyartkra,  and 
in  the  horns  of  the  last-named  genus. 

A  further  departure  from  the  highly-developed  antennee  of  some  Botatoria 
is  exemplified  in  the  fossae,  pits,  or  apparent  apertures  (XXXVIII.  28-30), 
oftentimes  with  elevated  edges,  containing  a  tuft  of  bristles,  which  are  met 
with  usually  on  the  necks  of  the  animals.  These  fossae,  as  well  as  the 
retractile  and  non-retractile  antamae  of  all  forms,  Leydig  believes  to  be  in 
immediate  and  special  relation  with  nerves  which  extend  to  the  base  of  the 
brush  of  rigid  cilia.  The  number  of  such  fossae  varies  in  different  species. 
In  accordance  with  his  hypothesiB  of  respiration,  Ehrenberg  called  them 
**  ciliated  respiratory  openings."  In  EnUroplea  (XL.  2),  ffydatma  (XL.  1), 
Diglenay  OtogUma,  in  EuManis  triquetral  and  in  several  Notommaio!,  an 
apparent  aperture  exists  on  the  neck.  More  than  two  are  seen  in  Poly- 
aHhra,  Notommata  MyrmdeOy  and  in  N.  SieboldU  (XXXVUE.  29),  arranged 
along  the  back ;  and  in  Asplanehna  BrightweUii  (Gosse),  Dalrymple  met 
with  two  on  the  back,  which  he  supposed  to  be  and  described  as  lateral 
apertures,  but  which,  Leydig  affirms,  have  the  unbroken  cuticle  lining  them 
(XXXVI.  9). 

Intereetinir  variations  are  found  in  Noteus,  in  which  Ehrenberg  describes 
^  2d2 


Digitized  by  VjOOQ IC 


404  GEKEBAL  HI8T0BT  OF  THE  UTFUSOHIA. 

a  short,  stonty  respiratory  tube,  or,  as  it  actually  is,  a  depression  surmounted 
by  a  very  elevated  margin.  In  Notommata  centrura  (XXXVUJ.  26  6),  and 
in  N.  Copeus,  a  long  seta  projects  from  a  small  elevation  of  the  cutide,  on 
each  side  of  the  back,  having  its  extremity  divided  like  a  brush.  The  doubtful 
ciliated  depression  conceived  by  Prof.  Huxley  to  be  the  nervous  centre,  behmgs, 
in  Leydig's  opinion,  to  the  category  of  tactile  fossaa. 

Appendages  op  the  Trunx. — ^The  account  already  given  of  the  cuticle  and 
lorica  and  their  processes,  leaves  no  special  appendages  of  the  trunk  to  be 
described.  Thus  we  have  spoken  of  the  spines  from  the  anterior  and  posterior 
margins  of  the  lorica^  of  those  which,  in  a  few  examples,  are  produced  from 
its  surface,  and  of  the  setse  or  cirrhi  which  extend  from  it  in  Anurcea  biremis, 
in  Notommata  Copeus,  and,  on  a  larger  scale,  in  Triarthra  and  Pblyarihra 
(XXXVIII.  30  c). 

The  pseudopodium,  or  false  foot,  may  either  be  accounted  a  production  or 
appendage  of  the  trunk,  or  a  distinct  segment  of  the  body.  Its  dimensions 
and  figure  vary  much  in  different  species ;  and  in  several  it  is  entirely  ab- 
sent. It  attains  the  highest  development  in  PhUodincea  (XXXYIII.  1,  2), 
where  it  consists  of  several  progressively  diminishing  segments  united  by 
sliding  joints,  like  the  tubes  of  a  telescope,  and  is  analogous  to  the  tails  of 
many  Entomostraca,  e,  g,  the  Cychpidas,  In  this  family,  Phihdiruea,  the  body 
tapers  into  the  pseudopodium  by  a  gradual  lessening  of  the  articulated  seg- 
ments ;  so  that  the  termination  of  ^e  trunk  proper  and  the  commencement 
of  the  process  have  no  external  indication,  except  what  is  supplied  by  the  anal 
orifice  of  the  alimentary  canal,  which  usually  opens  at  the  base  of  the  tail.  In 
other  families  the  termination  of  the  trunk  is  more  abrupt,  and  the  distinct- 
ness of  the  pseudopodium  as  a  subordinate  segment  or  member  strongly  pro- 
nounced (XXX  Vni.  25,  26).  The  high  development  of  the  oi^gan  gradually 
diminishes,  until  the  telescopic-jointed  foot-process  is  d^^ded  to  the  condi- 
tion of  one  or  two  stiff  styles,  supported  on  an  enlarged  base  (XX  AY  ILL.  22), 
the  intermediate  stages  being  represented  in  various  species  (XXXYIII.  23, 
24,  25,  31).  In  Brachwnus,  Colurus,  StephanopSy  and  Dinocharis  the  foot- 
process,  although  of  three  or  more  telescopic  joints,  is  of  much  smaller 
diameter,  and  depends  like  an  appendage  frx)m  the  tnmk,  and  is  a  transition 
between  this  form  and  the  usually  tapering  figure  of  the  Philodinofa,  as  seen 
in  Rotifer  macruruSf  the  trunk  of  which  is  abruptly  attenuated  into  a  long 
foot.  A  further  reduction  of  the  many-jointed  telescopic  pseudopodium  to 
one  or  two  joints,  terminated  by  a  single,  double,  or  triple  styliform  or 
pincer  process,  is  exemplified  in  many  Notommaias  (XXXYIII.  26),  in 
CydogUna,  Lepaddla,  Metopidia,  Salpina,  Diglena,  Eosphora,  Hydatina 
(XL.  1),  Matulvs,  &c.,  where  the  articulate  structure  is  reduced  to  the 
condition  of  an  appendage  of  the  trunk,  its  terminations  assuming  the  chi^ 
importance.  Indeed,  in  some  cases,  one  or  two  styliform  processes  seem  to 
be  produced  immediately  fr^m  the  trunk  without  the  intervention  of  an 
articulated  segment  at  the  base  (XXXIX.  1-^).  At  the  same  time  a  styli- 
form foot-process  is,  as  a  rule,  a  very  short  pseudopodium  supporting  one  or 
more  long  styles.  In  the  case  of  the  less-developed  or  perfect  tail-processes, 
the  section  of  the  body  is  frequently  attached  obliquely  to  the  trunk. 

In  a  very  few  examples  the  posterior  dorsal  surface  of  the  body  is  pro- 
longed as  a  true  tail,  having  the  pseudopodium  fixed  in  fit>nt  of  it,  the 
anal  orifice  being  between  them.  This  is  witnessed  in  Notommata  Cop€us 
(XXXYIII.  26). 

The  pseudopodium  has  in  some  genera  styliform  processes  attached  to 
it  throughout  its  length,  as  seen  in  the  highly-developed  telescopic  pro- 
longation of  the  Philodinofa  (XXXYIII.  1),  in  CaUidina,  B^tifer,  AcHnurus, 
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and  PkUodina,  and  also  on  the  shorter  foot-prooess  of  Dinockari*.  Thes^ 
styles  are  moTeable  and  flexible^  and  occur  in  a  single  pair  or  in  two  or  three 
pairs ;  Ehrenberg  gave  to  such,  when  short  and  not  rigid,  the  name  of '  toes,* 
and  distinguished  tiie  prolongation  on  each  side  of  the  posterior  border  of  the 
sliding-joints,  seen  in  Rotifer,  ActtnunUj  and  CaJUdinay  as  '  horn-like  pro- 
cesses.' In  Scariditan  (XXXYIII.  22)  and  DinocharU,  the  foot,  though 
jointed,  seems  not  to  be  retractile. 

The  pseudopodium  differs  much  in  its  length  and  mode  of  termination. 
Where  the  articulated  8^:ments  are  few  and  small,  the  foot,  if  terminated  by 
styles,  oftentimes  acquires  a  great  length.  In  some  species  the  terminal 
styles  are  three  in  number — e.  g.  Aetinurus,  Philodina  Nephmius,  DinocharU^ 
and  in  some  Stephatwpes ;  and  more  frequently  the  central  style  is  shortest. 
Two  terminal  styles  are  more  common.  Illustrations  are  found  in  Fmxidariaf 
Scaridiunty  Distemma,  &c.  A  foot  ending  in  a  pair  of  styles  is  said  by  Ehren- 
berg to  be  *  forked '  (furcate). 

In  numerous  species  the  styles  have  much  rigidity,  and  are  greatly  elon- 
gated ;  in  such  instances  they  are  known  as  styliform  setsB,  or  simply  '  setcB* 
Two  such  terminate  the  trunk  in  Notommata  hngiseta,  N,  asqualisy  and  in 
N.  Felis — ^in  the  last-named  they  are  also  curred  backwuds, — ^whilst  but  one 
is  produced  from  the  body  in  Monoeerca  (XXXYIII.  399),  Mastigocerea 
(XXXIY.  438-440),  and  in  Batuku;  in  the  last,  moreover,  the  base  of  the 
setSD  is  surrounded  by  stiff  hairs. 

Another  very  common  termination  of  the  foot  is  by  a  pair  of  short  thick 
flaps,  moveable  on  their  base,  and  named  '  pincero,'  or  *  pincer-like  processes.' 
Such  are  seen  in  Braehiontu,  Hydatina  (XL.  1),  EnteropUa  (XL.  2),  Diglena, 
Eotphora,  Noteui  (XXXYIIL  25),  and  in  several  NoUmmaUB  (XXXYIII.  5, 
25,  26). 

All  the  preceding  varieties  of  the  pseudopodium  are  modifications  of  the 
articulated  telescopic  type,  and  associated  with  a  tolerably  firm  cuticle.  But 
there  is  yet  another  type,  in  which  no  articulated  segments  occur,  and  which, 
from  the  softness  of  its  tissues,  is  thrown  into  wrinkles  or  folds  during  con- 
traction. Illustrations  of  this  are  found  in  aU  the  uroeolate  genera  of  the 
Rotatoria,  viz.  in  Conoehilm,  Ladnularia,  MeUcertay  Tubicolaria,  8tephanoeero$ 
(XXXYIII.  1,  17, 19),  &c.,  and,  besides  these,  in  the  tree  MegalotrochcBa 
(XXXn.  374-378)  and  in  Pteradina  (XXXY.  502-504).  In  the  attached 
genera  especially,  this  form  of  pseudopodium  rather  merits  the  name  of 
'  pedicle '  or  footstalk.  In  Pterodina  the  cylindrical  foot-process  is  trumpet- 
i^ped,  and  discoid  at  its  fr&e  extremity,  which  is  supposed  to  act  like  a 
sucker.  A  suctorial  end  to  the  pedicle  is  likewise  presumed  to  exist  in  some 
or  all  of  the  fixed  genera. 

Cilia  have  been  discovered  on  the  extremity  of  the  pseudopodium  of  /V^- 
dina  and  Tubicolaria,  and  on  that  of  Megahtrocha,  Lacimdaria  (XXXVU. 
10),  and  Brachwnus  in  the  young  or  immature  state. 

Lastiy,  a  pseudopodium  is  absent  in  Anurcea,  Asplanchna  (XXXYI.  9 ; 
XXXYn.  29-32),  Polyarihra,  Triarthra  (XXXYIH.  30),  and  Aicomorpha. 

The  observations  of  these  and  other  particulars  concerning  the  pseudopo- 
dium, its  presence  or  absence,  its  structure,  its  length  relatively  to  the  body, 
and  to  its  own  processes,  supplies  valuable  characters  in  the  systematic  distri- 
bution of  the  Eotatoria ;  and  the  details  so  derived  furnish  the  fundamental 
divisions  of  the  classification  proposed  by  Leydig  (see  Classification). 

The  foot-like  process  is  essentially  a  muscular  organ ;  it  contains  no  viscera, 
but  in  hi^y-developed  forms  some  small  bodies  supposed  to  be  glands,  and 
in  some  examples  certain  vesicular  spaces  supposed  by  some  to  be  ganglia,  by 
others,  vacuolar  thickenings  of  the  connective  tissue  (XXXYII.  17  n).     The 
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anus  always  cfpens  at  the  base  of  this  Begment,  and  on  its  posterior  aspect ; 
henoe  it  is  that,  though  often  called  a  tail,  it  is  really  not  homologous  with 
that  appendage  of  higher  ftnimalB ;  and  consequently  most  writers  prefer  to 
name  it  peeudopodium,  foot-process,  or  foot.  It  certainly  has  no  evident  re- 
semblance to  a  foot,  although  anatomically  it  is  a  limb  or  member,  and  is 
functionally  an  organ  of  locomotion  and  of  support.  It  is  much  less  con- 
cerned with  motion  than  the  rotary  organ,  and,  from  its  occasional  absence, 
is  eridently  a  non-essential  organ.  A  principal  purpose  which  it  seems  to 
answer  is  ^t  of  a  rudder,  steering  the  animal  in  its  course  like  the  tail  of  a 
fish.  However,  occasionally,  when  developed  in  a  styliform  manner,  as  in 
Searidiiun  (XXXTTI.  423),  it  is  a  powerful  and  peculiar  locomotive  append- 
age, enabling  the  animal  to  leap.  The  pinoer-like  termination  seems  to 
liable  the  animals  to  hold  fast  to  or  grasp  objects,  or  to  push  themselTes 
forward.  The  short  flexible  toes  developed  on  the  pseudopodium,  and  the 
supposed  discoid  extremities,  serve  to  attach  the  animal  whilst  the  head  may 
be  moved  freely  about,  or  whilst  it  advances  in  a  leech-like  manner  by  the 
alternate  forward  movement  of  the  head  and  foot. 

Of  ths  Muscxilab  System  ahb  Movemehts  of  the  Eotatoeia.  Muscuiab 
Btsiem. — ^In  this  dass  a  muscular  system,  subservient  to  the  functions  of 
looomoticm,  nutrition,  &c.,  is  well  developed ;  and,  the  integument  being 
transparent,  its  structure  and  arrangement  are  distinctly  visible.  The 
muscles  (XXXVI.  5 ;  XXXVIII.  28  a)  resemble  fine  Hues,  cords,  or  bands 
passing  from  one  part  to  the  other,  and  may  generally  be  distinguished  by 
being  thickened  during  contraction,  and  attenuated  by  extension.  All  those 
attached  to  the  walls  of  the  body  arise  from  the  inner  layer  of  the  integu- 
ment, which  is  thickened  at  the  spot.  They  may  be  considered,  with  refer- 
ence to  their  functions,  to  be  of  two  kinds — ^the  one  concerned  in  the  g^ieral 
movements  of  the  body,  the  other  in  acting  upon  special  organs  or  viscera. 
The  first  constitute  two  sets — ^the  cme  annular,  encompassing  the  body,  the 
other  longitudinal.  The  annular  or  transverse  muscles  (XXXTII.  5,  6  < ; 
XXXVin.  26  v)  are  separated  from  each  other  by  considerable  intervals ; 
and  to  them  is  due,  in  many  species,  the  apparent  segmentation  of  the  trunk. 
They  are,  so  to  speak,  imbedded  in  the  inner  epidermic  layer.  Ehrenbeig 
mistook  them  for  vessds. 

The  longitudinal  muscles  are  more  numerous  and  definite  (XXXVI.  51,91; 
XXXVIII.  28  a ;  XL.  Im).  Mr.  Williamson  believes  that  delicate  fibres  occur 
in  the  thickness  of  the  skin  of  the  trunk,  designed  to  shorten  the  animals  by 
eorrugating  the  surface.  The  long  muscles  extending  from  the  posterior  ex- 
tremity of  the  body  to  the  rotary  organ  and  the  maxillary  bulb,  and  serving 
to  retract  those  parts,  are  the  most  highly  developed.  Dr.  Dobie  describes 
muscular  bands  in  Floscularia,  passing  up  between  the  lobes  of  the  ciliated 
head,  and  more  delicate  fibres  along  the  centre  of  each  lobe  towards  its  ex- 
tremity. The  muscles  of  the  tail  (foot-process)  are  also  numerous,  large, 
and  strong,  and  traceable  to  its  terminal  segments  (XXXVI.  5  b ;  XXXVIII. 
2Q  n)  on  the  one  side,  and  on  the  other  as  far  forward  as  the  anterior  part 
of  the  body  and  the  maxillary  bulb.  Williamson  states  that  the  fibres 
reaching  tl^  extremity  of  the  foot-pTocess  are  inserted  into  a  little  concavo- 
convex  body  found  there.  By  its  muscular  apparatus  the  tail  can  be  curved, 
moved  from  side  to  side,  and  shortened,  and  in  a  few  examples,  e.  g.  Searidium, 
doubled  beneath  the  belly.  The  counterforoe,  whereby  the  pseudopodium 
reoovera  its  straight  figure  and  position  relative  to  the  body,  is  the  elasticity 
of  the  integument.  Where  the  sliding  j<»nts  exist,  this  elasticity  mni^ 
chiefly  reside  at  the  lines  of  junction,  since  the  segments  themselves  have 
great  rigidity,  and  do  not  admit  of  corrugation.    However,  the  extension  of  this 
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pnooees  miieli  depends  on  the  infloz  of  fluid  forced  into  it  by  a  general  trans- 
Y^Be  ecmtraction  of  the  body  which  is  seen  to  precede  it.  The  extension  of 
the  body,  after  having  been  shortened  by  the  contraction  of  its  longitudinal 
mBseleSy  is  chi^y  dne  to  the  elasticity  of  its  int^fomenty  which  has  an  in- 
heient  tendeney  to  constrict  itself  or  to  lessen  its  diameter.  Prof.  Williamson 
dissents  from  ^bis  exj^anation,  believing  the  extension  to  be  due  to  the  cir- 
cular muscokir  bands,  as  in  the  pseudopodia  of  the  Echinus  and  starfish,  or  in 
the  trunk  of  an  earthworm.  Tlie  shortening  of  the  body  is  provided  for  by 
the  sliding  structure  of  its  s^pnents,  and  by  the  wrinkHng  (XL.  1)  of  its  sur- 
&oe  (XXXIX.  1-3),  sometimes  by  both  these  modes  together,  at  others  by 
one  akme.  £ven  where  its  length  is  diminished  by  the  formation  of  mere 
folds  of  the  skin,  those  folds  are  constant  in  position  and  arrangement. 
Lcmgitadinal  folds  pretty  regularly  disposed  occur  in  the  softer-skinned 
Vizieties — ^for  instance,  in  various  species  of  NotommoOa  and  Hydatina. 

Musdes  supplying  special  organs  are  seen  in  connection  with  the  trochal 
disk,  the  maxillary  head  and  jaws,  the  alimentaiy  canal,  and  the  reproduc- 
tive apparatus  (XXXIX.  7).  Excepting  the  muscles  moving  the  rotary 
oigan,  these  will  be  best  described  in  the  account  of  the  organs  with  which 
they  are  connected. 

The  trochal  disk,  and,  indeed,  the  whole  head  supporting  it,  is  constricted, 
eoRugated,  eontracted,  and  moved  from  side  to  side  by  considerable  muscles, 
extending  from  it  to  the  maxiUffi,  and  to  the  sides  and  posterior  boundaiy  of 
tiie  abdominal  cavity  (XXXYm.  28  a) ;  special  muscular  threads  act  upon 
particiilar  lobes,  prominences,  or  processes  which  may  extend  from  the  head 
(NT  its  ciliated  dii^  In  the  trochal  disk  of  Melicerta,  Prof.  Williamson  de- 
tected interlacing  threads  which  he  supposed  to  be  muscular ;  and  Mr.  Gosse 
has  remarked  in  the  same  animal  <'  a  series  of  ^ve  or  six  annular  threads 
•et  in  tiie  inner  skin,  which  are  probably  muscular,  and  aid  in  the  complex 
movements  of  the  head."  Some  of  the  interlacing  threads,  which  Ehrenberg 
deeoibed  in  several  Eotatoria  (as,  for  instance,  in  Ladlunaria),  and  which 
at  one  time  he  regarded  as  vascular,  at  another  as  a  nervous  or  muscular 
network,  probably  were  muscular,  altiiough  most  of  them  were  merely  fibres 
of  connective  tissue. 

The  extmsion  of  the  head  and  trochal  disk,  after  retraction,  is  principally 
effacted,  as  in  the  case  of  the  pseudopodium,  by  the  elasticity  of  tlie  int^^- 
ment,  conaaitaneous  with  the  relaxation  of  the  muscular  contraction, — Uus 
dastidty  serving  to  unroll  the  involuted  head  and  trochal  disk,  and  to  expand 
tibeir  parts,  and,  by  its  g^ieral  operation  on  the  body,  to  elongate  the  whole 
figure,  and  thereby  press  the  contained  fluid  forward  and  backward  against 
the  retracted  organs,  so  as  to  push  them  out.  Prof.  Williamson  would  also 
attribute  the  protruacm  of  the  head  to  the  action  of  the  circular  muscles, 
as  he  does  not  think  there  is  sufficient  proof  of  such  elasticity  independently 
of  muscular  fibres.  The  retracted  head  and  appendages  of  the  Bryozoa  are 
thrust  outward  in  a  similar  manner. 

The  dlia  of  the  trochal  disk  have  generally  been  assumed  to  be  seated  on 
a  muscular  mass,  forming  the  cushion-like  contractile  thickenings  on  the 
head  of  the  Eotat<Hia  (XXXVI.  93).  These  structures  display,  according  to 
Biilacdin,  no  distinct  muscular  fibres ;  but  in  the  opinion  of  others,  such  are 
present  Ehrenbeig,  as  before  stated,  went  so  far  as  to  imagine,  not  merely 
a  network  of  musciSar  fibrils  moving  the  entire  apparatus,  but  also  a  series 
of  foKur  musdes  at  the  base  of  each  dlium  moving  it  in  every  direction.  Such 
n  amy  of  definite  musdes  to  move  an  almost  imperceptible  organ,  is  not 
ady  entirely  hypc4hetical,  but  most  improbable.  Leydig,  on  the  other  hand, 
«ppo8GS  the  idea  of  the  muscular  nature  of  the  trochal  disk,  and  regards 
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it  88  consistmg  solely  of  the  soft  epidermic  tissue,  or,  which  is  nearly 
the  same  thing,  of  connective  tissne.  Much  discussion  has  arisen  concern- 
ing the  structural  composition  (i.  «.,  in  a  word,  the  histology)  of  the  musdee 
of  Eotatoria.  Ihijar<^  and  Ecker  questioned  the  existence  of  actual  mus- 
cular fihres,  hut  recognized  a  soft  contractile  suhstance,  often  drawn  out 
into  threads.  The  former,  however,  inclined  to  the  helief  in  the  existence  of 
determinate  muscles,  although  observation,  when  he  wrote,  had  not  made  it 
certain.  Thus,  at  p.  611,  when  describing  a  new  species  of  FlosctUaria,  he 
remarks  that,  **  by  gentle  compression  of  the  animal,  five  independent  cords 
were  brought  into  view,  contractile  and  tolerably  regular  in  outline,  which 
perhaps  ought  to  be  ctdled  muscles ;  they  extended  through  the  pedicle  and 
to  the  extremities  of  the  lobes  of  the  rotary  organ." 

Ehrenberg  noted  the  presence  of  muscles  in  most  Rotatoria,  and  in  a  few 
specimens  believed  he  had  detected  transverse  striation, — a  fact  which  would 
establish  an  analogy  between  them  and  those  of  the  highest  animals.  This 
highly-developed  organization  vras  denied  by  Siebold,  who  described  the 
muscles  to  be  of  the  non-striated  variety  so  largely  distributed  among  other 
Invertebrata  as  well  as  Vertebrata.  But  the  behef  now  prevails,  that  the 
possession  of  transversely-striated  muscles  is  one  of  the  characteristics  of  the 
Botatoria,  although  non-striated  fibrils  may  likewise  occur. 

Leydig  thus  treats  this  subject : — "  The  element  of  muscle  is  the  primitive 
cylinder,  which  is  of  two  sorts — ^fine  and  thick, — the  former  in  dear  homo- 
geneous threads,  which,  when  traceable,  are  perceived  to  be  branches  of 
cells ;  such  occurs  prindpally  in  muscular  networks ;  the  latter — ^the  thick 
primitive  cylinder — originates  from  cells  coalesced  in  rows,  and  it,  therefore, 
presents  internally,  at  considerable  intervals,  the  still-remaining  cell-nudei. 
These  cylinders  exhibit  a  gradual  advance  in  their  further  histol(^cal  phases. 
They  may  remain  homogeneous  like  the  finest  primitive  cylinders,  or  resolve 
themsdves  into  a  homogeneous  sheath,  and  an  axial  substance  in  the  form 
of  molecules.  Lastly,  the  contents  of  the  cylinder  may  break  up  into  mus- 
cular (sarcous)  partides,  and  therein  approximate  to  the  so-called  trans- 
versdy-striped  musdes,  to  which  at  length  it  may  attain  a  complete  resem- 
blance." Thus  the  cell-wall  comes  to  form  an  investing  sheath  or  sarcolemma 
of  each  fibre,  and  the  cell-contents  the  vital  contractile  substance,  or  the  sar- 
cous particles.  Leydig  adds — **  Both  varieties  of  musde,  simple  and  striated, 
occur  in  the  same  spedes,  so  that  the  gradual  transition  of  one  into  the  other 
is  unmistakeable."  The  existence  of  striated  musde  has  been  noted  by  Ehren- 
berg in  EuManis  triquetra ;  by  Oscar  Schmidt  in  Pterodina  Patina ;  by  Perty 
in  tiie  foot  of  Scaridium  hngicaudum,  in  Polyarihra  (XXXVIII.  30  »h),  in 
the  marginal  musde  of  Diglena  lacustris,  and  of  Brachionm  tripo$ ;  by  Leydig 
in  Notammata  Sieboldii  (XXXVII.  32  a)  and  Noteus ;  by  Dalrymple,  in  JVb- 
tommata  Anglica ;  by  Williamson  and  Gkwse  in  Melicerta :  and,  without  doubt, 
it  may  be  discovered  in  most  other  genera  (XXXIX.  7). 

Forty  has  noticed  in  the  foot  of  Floseularia  rows  of  granules,  and  fine 
longitudinal  striae, — an  intermediate  condition  referred  to  in  the  description 
of  Leydig,  given  above.  Bei^gmann  and  Leuckart  mention  in  a  note  (p.  377) 
in  their  work,  that  in  some  animals  transversdy-striated  muscles  are  visible. 
Prof.  Williamson's  observations  support  some  of  Leydig's  views.  "  When  one 
of  these  muscular  fasdculi,"  writes  the  English  naturalist,  '*  is  drawn  out 
at  full  stretch,  its  surface  is  seen  to  be  marked,  at  very  regular  intervals,  by 
dark  transverse  bars  (XXXVU.  18).  Each  fasdculus  has  a  diameter  of  about 
y^rl^th  of  an  inch ;  and  the  transverse  strice  recur  at  distances  of  about 
^jX^th.  These  intervals  are  rather  lai^r  than  those  seen  in  the  fsMdculi 
of  human  voluntary  muscle ....  On  rupturing  the  fasciculi  transversely,  we 


Digitized  by  VjOOQ IC 


OF  THB  mOTATOHA.  409 

pereeire  that  each  one  is  mvested  by  a  deHoate  aarookmina.  This  is  well 
seen  at  the  upper  part  of  the  tail,  where,  on  the  contraction  of  the  mosdey  the 
ntm-elastic  sarcolemma  becomes  corrugated,  and  only  reooven  its  smooth 
aspect  when  the  muscle  becomes  relaxed.  These  rogse  of  the  sarcolemma 
must  not  be  confonnded  with  the  transveise  stiis  of  the  muscular  fibre." 

MoTXMXNTs  OF  BoTiLTOBiA. — ^Theso  are  very  various;  at  the  same  time 
some  varieties  are  so  constant  in  several  genera  and  species,  as  to  furnish 
diaiacters  of  much  utility  in  the  systematic  distribution  of  the  dass.  There 
are  two  principal  modes  of  locomotion,— one  by  simple  motion  onwards,  or 
swimming,  with  or  without  rotation  of  the  body  on  its  long  axis  (e.  g.  in 
BroMonus),  the  other,  confined  to  the  fiunily  Pkilodtncea,  by  crawling  after 
the  manner  of  leeches,  each  extremity  of  the  body  being  alternately  fixed. 
The  latter  mode  of  locomotion  is  partaken  with  the  first,  and  the  one  or  the 
other  resorted  to  at  the  will  of  the  animal. 

The  rotary  organ  is  almost  exclusively  concerned  in  producing  the  uniform 
swimming  movement  and  in  turning  the  animal  on  itself,  whilst  the  muscular 
tail  acts  as  a  mdder  in  directing  the  course.  The  trochal  disk  is  worked 
with  various  degrees  of  energy  and  completeness ;  when  in  fall  action,  the 
velocity  attained  is  very  great. 

Usually  the  Eotatoria  swim  on  the  abdomen ;  but  exceptions  occur,  as  in 
Eoiphora  Najas,  which,  like  the  Phyllopoda,  swims  on  its  back.  Noteus  and 
a  few  others  torn  on  their  short  axis,  or,  in  common  parlance,  head  over 
heels.  Other  exceptbnal  modes  of  locomotion  are  met  with  in  Searidium,  in 
Triarihra,  and  PolyarOira  (XXXVIII.  30,  32),  which  have,  beddes  the  or- 
dinary swimming  movement,  the  power  of  leaping  or  skipping, — in  the  first, 
by  means  of  the  elongated  styliform  tail,  wluch  can  be  doubled  under  the 
body,  and  then  suddenly  relaxed  like  a  spring ;  in  the  two  last,  by  the  aid  of 
some  rigid  bristles,  or  cirrhi,  attached  to  the  body,  and  acting  IUlo  the  long 
legs  of  a  flea.  A  skipping  movement  is  likewise  attributed  by  Ehrenberg  to 
Noiammata  Icngisetay  due  to  its  double,  long,  caudal  styles,  and  an  act  of 
rowing,  by  means  of  a  long  lateral  spine  on  each  side,  to  AnuroM  Inremis. 

The  preceding  remarks  apply  to  the  locomotive  Eotatoria ;  but  the  Pleased 
q^ecies,  although  unable  to  change  place,  have,  nevertheless,  a  considerable 
power  of  movement  within  and  about  their  urceoH.  They  can  extrude  the 
greater  part  of  their  body,  and  bend  themselves  over  the  edge  of  their  case, 
or  withdraw  themselves  entirely  within  it.  They  owe  this  latitude  of  motion 
chiefly  to  their  long  pseudopodium  or  pedicle,  which  contracts  by  throwing 
itself  into  very  numerous  and  deep  wrmkles ;  for  in  none  of  the  attached 
fipedes  is  this  organ  articulated.  In  comparison  with  that  of  the  pedicle, 
tiie  capacity  of  ti^  trunk  of  the  animal  to  shorten  or  contract  itself  is  but 
small,  and  its  transverse  folds  few,  distant,  and  collected,  mostly  towards  the 
posterior  extremity.  The  movements,  in  fine,  of  the  urceolated  Eotatoria  are 
Mndted  to  those  of  extension,  retraction,  and  flexion ;  and  the  extent  to  which 
they  may  be  exercised  is  in  direct  proportion  to  the  length  of  the  pedicle.  Ne- 
verthelees,  when  forcibly  expelled  from  its  case,  which  can  easily  be  done 
without  injury  to  the  soft  animal,  the  mature  Mdicerta  swims  about  with 
considerable  velocity  by  means  of  its  ciliated  rotary  disk, — the  peduncle  being 
partially  drawn  up  towards  the  body. 

Although  incapable  of  movement  as  individuals,  a  cluster  of  such  as  live 
in  oompound  masses,  OonoekUus  for  instance,  may  float  about  freely,  remind- 
ing us  of  the  spheres  of  Volvox,  The  locomotive  Eotifera  also  enjoy,  in  a 
eonsiderable  measure,  the  power  of  moving  their  own  bodies,— thus  frequently 
altering  the  relative  positions  of  the  various  parts,  and  modifying  their  general 
form.     Their  rotary  organ,  as  already  seen,  may  be  extruded  or  retracted 
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within  the  body ;  the  body  itself  may  be  extended  at  fbll  length,  or  very 
mnch  oontracted  on  itself.  So  much  may  the  whole  animal  be  contracted, 
that,  except  by  the  detection  of  the  characteristic  Eotatorial  ofganization,  its 
nati^  would  certainly  be  mistaken.  An  illustration  of  this  is  furnished  in 
the  figures  of  Bujardin  and  Perty  (XXVm.  4). 

The  mode  of  termination  of  the  pseudopodium  permits  many  of  the  Bota- 
toria  to  attach  themsdves  at  will  to  any  object,  some  (PUrodina^  for  in- 
stance) fwmmiTig  a  fixed  position  for  a  long  time  together.  When  tkaa  at 
rest,  the  rotary  organ  may  be  retracted  or  extended ;  in  the  latter  case,  al- 
though suspending  its  function  as  an  organ  of  locomotion,  it  is  in  Ml  operation 
as  a  respiratory  organ,  as  well  as  serving  to  procure  food.  The  body,  more- 
over,  is  often  in  actrre  motion  when  fixed  by  i^e  extremity  of  the  jfoot-process 
— oscillating  from  side  to  side,  bending  itself,  and  even  turning  as  on  a  pivot. 

The  DioESTiYE  Sysxem. — ^The  Botatoria  possess  a  distinct  and  undoabted 
alimentary  canal,  evident  as  a  tube,  traversing  the  interior,  from  a  month  to 
a  posterior  outlet  or  anus,  composed  of  distinguishable  parts  with  accessory 
organs.  One  group  of  the  &mily  is  deficient  of  tiie  anal  outlet ;  and  in  male 
ftTiiniftla  the  digestive  apparatus  is  atrophied  or  wanting. 

The  digestive  tube  ia  mostly  straight  throughout  its  course  (XXXIX.  1  ; 
XL.  1)  ;  the  exceptions  to  the  rule  occur  wit^  the  encased  genera,  in  which 
the  intestine  is  curved  on  itself,  and  the  anus  advanced  forwiffds  to  s<mie  ^M>t 
beneath  the  head  (XXXVII.  17  i). 

The  parts  to  be  distingnished  in  the  alimentary  canal  are — Ist,  the  mouth 
or  oral  cavity ;  2nd,  the  pharynx  or  vestibule  (XXXVII.  19  a)  between  the 
Ist  and  drd,  the  oesophageal  head  (XXXY  U.  19  b) ;  4,  the  stomach,  with 
appendages  (XXXVII.  c,  d) ;  5,  the  intestine  with  its  outlet ;  and  6,  the 
cloaca  (XXXVII.  e,f).  Each  and  aU  of  these  parts  present  great  diversity 
in  figure,  size,  and  accessory  organs ;  but  yet  in  nearly  aU  forms  the  peculiar 
type  of  the  digestive  canal  of  Rotatoria  is  well  marked. 

The  motUh  is  situated,  as  a  rule,  on  the  margin  of  the  troehal  disk,  at 
the  centre  of  its  ventral  aspect.  Where  the  cirdet  of  cilia  is  double,  as  in 
Lacinvlaria  and  Melicerta  (XXXVm.  21),  the  mouth,  as  we  have  already 
seen,  is  placed  between  the  two  rows ;  and  in  Flotcidaria  and  SUfpkanoc&i>t 
it  occupies  the  centre  of  the  area  formed  by  the  ciliated  i^paratus  of  the 
head.  The  mouth  is,  moreover,  subject  to  variations  from  the  presence  of 
appendages  about  it.  Thus,  in  Melicerta,  Prof.  Williamson  describes  two  small, 
projecting,  '^  flattened  lobes  with  ciliated  margins,  continuous  with  those  of 
the  *  chin,'  which  obviously  assist  in  directing  the  food  into  the  oesophagus." 
Leydig  notices,  in  NoUymmata  Sieholdii,  a  sort  of  upper  lip,  not  ciliated ;  and 
Huxley,  in  Laeinularia,  states  that  the  mouth  is  vertically  elongated,  and  its 
cavity  expanded  into  **  two  lateral  pouches,  which  give  it  an  oboordate  form ; 
these  lateral  pouches  contain  the  lateral  ciliated  arches  that  become  lost 
below  in  the  cilia  of  the  pharynx."  In  Flo9cularia  the  caviiy  of  the  mouth 
is  funnel-shaped  (infimdibuliform)  (woodcut),  and  is  termed  by  Dr.  Dobie  the 
<^  infundibulum,"  who  describes  the  edge  to  be  ''fr^uently  divided  into 
lobes." 

The  mouth  opens  posteriorly  into  a  eanal^  through  which  the  food  passes 
to  reach  the  '' oBsophageal  bulb."  This  canal  has  unfbrtunatdy  received 
various  names,  viz.  cs9ophaguB,  pharyrue,  vegdbuU,  infundtbtdum,  and  **  buccal 
frmnel."  The  first  term  has  likewise  been  applied  to  another  tube  interv^ung 
between  the  *'  oeiophageal  head  "  and  the  stomach ;  hence  a  looseness  of  no- 
menclature, tending  to  confdsion  and  error  in  description.  If ,  as  is  usually 
done,  the  name  ^'  oesaphageal  btdb  "  be  given  to  ihe  jaws  and  tiieir  muscular 
envelope,  then  that  of  oesophagus  rightly  belongs  to  the  canal  leading  theace 
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to  the  fltomadi.  If,  on  the  other  hand,  the  **  ceeoj^iageal  hnlb  **  be  regarded 
as  an  aeoeesory  stomach  containing  a  dental  i^paratos,  as  in  the  lobster,  then 
the  term  oesophagus  belongs  to  the  tube  extending  between  the  mouth  and 
^e  bnlb.  The  fdUowing  physiological  distinction  is,  however,  noted  by  Prof. 
Williamson,  who  says — "  The  stomach  of  the  lobster,  with  its  dental  append- 
ages, is  that  in  which  tiie  digestive  process  is  cairied  on.  8nch  is  never  the 
ease  with  the  pharyngeal  bulb  of  the  Botifera.  The  digestive  sac  is  situate 
lower  down«  The  pharyngeal  bulb  bears  closer  affinity  to  a  ginard,  resem- 
Iding  that  of  BowerbanJna  and  other  Bryozoa,  differing,  however,  from  that 
of  a  bird,  which  is  located  below  the  **  proventriculus "  or  true  stomach. 
However,  some  eonfiisicm  will  be  removed  by  avoiding  the  term  **  (uopfuigw/* 
and,  without  troubling  ourselves  with  the  precise  homologies  of  the  parts,  by 
naming  the  tube  between  the  mouth  and  jaws  the  ^^  pharynx  "  or  **  vettibuU^^ 
the  jaws  themselves  with  their  surrounding  mass  the  ''  maxittary  bulb  **  or 
WMMtax  (Goflse),  and  the  canal  between  the  last  and  the  stomach  the  pro- 
ventricular  or  gastric  canal.  The  name  **  buccal  ftmnel ''  has  been  imposed 
on  the  tube  leading  from  the  mouth  to  the  maxillary  apparatus  by  Mr.  Qosse, 
and  might  advantageously  have  been  adopted. 

To  proceed.  The  pha^nx  (XXXVII.  19  a ;  XL.  23  m)  varies  much  in  its 
dimenjnons :  sometimes  it  is  a  narrow  tapering  tube,  and,  when  contracted, 
visible  only  as  a  double  line ;  at  other  times  it  is  wide  and  short,  and  then 
espedaDy  deserves  the  name  of  **  vestibule,"  since  it  ceases  to  be  a  canal. 
Several  peculiarities  in  its  structure  occur  in  diffiarent  g^iera, — the  most  re- 
nmrkable  in  Flodcularia  and  StepJumoeeros,  In  the  former  genus,  the  oral 
cavity  (infundibihim,  Dobie)  is  separated  from  the  pharynx  by  a  rim  armed 
by  non-vibratile  cilia ;  the  pharynx  itself  is  again  subdivided  by  a  fissured 
partition  or  diaphragm,  into  an  upper  space  (vestibule),  and  a  lower  large  and 
very  dilatable  cavity,  called  the  **  proventriculus  "  or  "  crop."  The  crop  ends 
below  in,  or  in  some  measure  embraces,  the  maxillary  bulb  (see  woodcuts, 
Fbrt  II.).     A  similar  structure  obtains  in  Stephanoceros. 

In  MeUeerta  Prof.  Williamson  observed,  within  the  pharynx  near  its 
junetaon  with  the  maxillary  bulb,  the  ciliated  lining  membrane  "  to  hang  in 
several  loose,  vibratile,  longitudinal  folds  ; "  and  Prof.  Huxley,  in  his  account 
of  Laeinularia,  gives  tiie  subjoined  summary  of  these  folds  and  valvular  par- 
titionB : — **  A  narrow  pharynx  leads  horizontally  backwards  from  the  lower 
part  of  the  buccal  cavity,  and  becomes  suddenly  widened  to  enclose  the  pha- 
ryngeal bulb  in  which  the  teeth  are  set  (XXXVII.  19  a).  Where  the  buccal 
cavity  meets  the  pharynx,  a  sharp  line  of  demarcation  exists.  In  Mdicerta 
two  curved  lines  are  seen  in  a  corresponding  position,  and  evidently  indicate  two 
Sidds  projecting  upwards  into  the  oesophagus  (pharynx).  In  Braehionua  these 
folds  are  stronger  (XL.  1  b),wMleia  StepjUnoceroa  ajid  Flo9cularia(XXXVIL. 
1  Jb  19)  this  partition  between  the  pharynx  and  what  may  be*  called  the 
erop  is  still  more  marked.  From  the  iimer  margin  of  the  aperture  in  the 
partition,  two  delicate  membranes  hang  down  into  the  cavity  of  the  crop, 
which  have  a  wavy  motion  ;  and  it  is  to  them,  I  think,  that  what  Mr.  Gosse 
describes  as  an  appearance  of  '  water  constantly  percolating  into  the  aliment- 
ary canal '  is  due.  Dujardin  had  already  noticed  these  ^  vibrating  membranes ' 
in  FloBCularia,** 

Observers  coincide  in  describing  the  oiUa  of  the  oral  cavity  to  extend  into 
and  line  the  pharynx  (XL.  23  m).  The  waUs  of  this  tube  are  so  very  dilata- 
ble, that  bodies  of  very  considerable  size  can  traverse  it  to  the  maxillary 
apparatus.  In  the  genera  Lacimdaria,  Mdicerta^  BraMonus,  Noteus,  and 
Tubieolariaj  dose  to  the  wall,  or  actually  within  its  substance,  as  Leydig 
represents  in  Noteus,  are  two  conspicuous  structures,  described  by  that  author 
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to  be  vesicular,  and  not  improbably  salivary  glands  (XXXVIII.  27 1),  Mr. 
Huxley  aUudes  to  these  structures  in  the  ensuing  account : — ''  On  eadi  side 
the  phaiynx  is  a  yellowish  homy-looking  mass,  whidi  sometimes  appears 
cordate,  at  others,  more  or  less  completely  composed  of  two  lobes.  I  bdieve 
its  function  is  to  give  strength  to  the  delicate  waUs  of  the  pharynx,  and  that 
it  is,  therefore,  to  be  considered  a  part  of  the  homy  skeleton." 

The  pharynx  ends  mostly  below,  and  partially  embraoes  the  *^  nutxiUary 
bulb  "  or  ^'mastaxy^  which  contains  the  maxillffi  or  jaws  supporting  the  "teeth," 
and  has  its  mass  made  up  of  nuclear  cells  and  muscular  fibres  (XXXVUL 
26  m).  In  the  liyiog  animal  the  bulb  is  almost  constantly  in  motion,  con- 
tracting and  expanding  itself  in  what  some  have  called  a  "  peristaltic  "  manner. 
This  alternate  and  constant  movement,  visible  even  in  the  embryo  before  escap- 
ing from  the  egg,  was  mistaken  by  Bory  St.  Vincent,  and  other  of  the  older 
microscopists,  for  the  pulsating  action  of  a  heart.  The  apparatus,  however, 
is  rather  comparable  to  the  gizzard  of  birds,  or  to  &e  tooth-crushing 
mechanism  in  the  stomach  of  lobsters  and  other  Crustacea,  though  not, 
indeed,  homologous  with  it.  The  "  maxillary  bulb  "  is  bulky,  more  or  less 
globose,  with  a  prevailing  tendency  to  a  triangular  figure  with  rounded 
angles  (XL.  20,  23,  24).  Sometimes  it  is  oval  or  ovoid,  and  still  more  com- 
monly heart-shaped,  from  being  notched  or  furrowed  on  one  side,  indicating 
a  bilobed  structure.  In  Mdicerta  Mr.  Gbsse  figures  and  describes  a  third 
lobe,  below  the  usual  ''two  globose  bodies  (or  rather  the  bilobed  single 
mass),  equally  hyaline  and  probably  muscular,  which  seems  united  to  &e 
two  others,  and  sdters  in  form  as  they  and  the  jaws  work,  lengthening  down- 
ward as  they  approach,  and  dilating  and  shortening  as  they  recede" 
(XXXVII.  23). 

The  mass  of  the  "  maxillary  bulb  "  surrounding  the  maxillad  has  been 
generally  assumed  to  be  muscular,  and,  as  such,  actively  concerned  in  work- 
ing the  contained  jaws.  Gk>sse  calls  it  a  "  muscular  sac,"  and  has  even 
attempted  the  description  of  its  component  muscular  bands.  Leydig  has  re- 
presented  the  jaws  to  be  acted  on  by  exquisitely  striated  muscles  (XXVII. 
31).  Prof.  Williamson  admits  the  existence  of  muscles  affixed  to  the  pro- 
cesses of  the  jaws,  but  states  that  the  conglobate  organ  in  which  these  are 
imbedded  "  is  transparent,  and  composed  of  numerous  large  cells,  eadi  of 
which  contains  a  beautiful  nucleus  with  its  nucleolus.  The  ceUs  are  only 
seen  when  the  organ  is  ruptured  between  two  plates  of  glass,  when  they 
readily  separate  from  one  other ;  but  the  nuclei,  with  their  contained  nucleoli, 
are  distinctly  visible  in  the  living  animal.  Delicate  muscular  threads 
most  probably  penetrate  this  organ  to  reach  the  dental  apparatus,  though  I 
have  not  yet  detected  them."  Here  a  great  discrepancy  of  opinion  appears, 
between  Mr.  Williamson  and  Leydig  and  most  other  writers,  respecting  the 
constitution  of  the  globose  mass  of  the  maxillary  bulb,  and  such  as  only 
reiterated  examination  can  remove. 

Br.  Leydig  asserts  that  the  bulb  is  covered  externally  by  a  chitinous 
membrane,  of  the  same  nature  as  the  cuticle,  and  that  the  existence  of  a  like 
membrane  in  its  interior,  developed  for  a  special  end,  constitutes  the  maxillflB 
and  appendages,  just  as  bristles  and  homy  plates  and  processes  are  developed 
out  of  the  extemal  cuticle. 

The  maxillaiy  apparatus,  contained  within  the  soft  mass  of  the  bulb,  is 
yisible  without  any  preparation,  but  may,  from  its  hardness,  be  detached  by 
strongly  compressing  or  crushing  the  animal.  Although  much  denser  than 
the  soft  tissues  of  the  body,  yet  like  them  the  dental  apparatus  disappears 
by  decomposition.  Ehrenberg  having  an  enormous  number  of  BroMcmi 
in  a  vessel  of  water,  evaporated  the  fluid,  and  having  burnt  the  desiccated 
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anunalsy  examined  their  ashes  chemicallj,  ooiiTinoed  himself  they  eontained 
much  phosphate  of  lime,  deriTed,  as  he  supposed,  from  the  maxillae.  Mr. 
Goese  likewise  condades  that,  from  their  great  solidity  and  density,  and 
frt>ni  the  action  of  menstrua  upon  them,  they  are  of  calcareous  nature. 

The  construction  of  the  jaws,  and  the  numher  and  position  of  the  transrerse 
bars  or  '  teeth,'  afforded  Ehrenberg  characterB  of  primary  importance  in  the 
eonstruction  of  his  system  ;  and  he  indicated  three  leading  types,  under  which 
all  the  Botatoria  could  be  classed,  yiz. : — **  1 .  Agompkia,  toothless ;  2.  Oym^ 
noffon^phtay  fioee-toothed  (unconnected);  3.  DemogompMa^  connected  or 
attached  teeth.  In  Oymnogomphia  the  teeth  are  free  in  front,  and,  like 
the  fingers,  united  behind  by  a  conmion  band — the  jaw ;  in  Dumoginnphia 
they  are  attached  transversely  across  the  jaw-piece,  like  an  arrow  lies  across 
the  bow.  In  the  former,  again,  the  teeth  in  each  jaw  are  single  or  sereral  in 
number ;  in  the  latter,  either  two  or  many.  Hence  there  are  5  groups : — 
1.  Agomphia — e.  g.  lehthydium,  OhcBtanattu,  Entercplea ;  2.  Monogomphia 
(one-tooliied) — PleurotrodkOy  FurcuUtriay  Cydoglena^  Monostyla,  L^adeUa; 
3.  Polygomphia  (many-toothed) — ffydatina,  several  NotonmuUay  EuManity 
8tephanocen>$y  Brackumus,  &c. ;  4.  Zygogomphia  (twin-toothed)— CaJZM^tna, 
Rtiifer,  Actinurus,  PhQodina,  Mcnolabis,  and  Fterodina ;  5.  Lochogomphia 
(teeth  set  in  rows} — Phfgura,  Megahtrochay  MeUetrtay 

This  classification  of  the  Botatoria,  however,  Ehrenberg  confessed  to  be 
imperfect,  as  wanting  repeated  researches  to  fix  on  the  truly  generic  and 
specific  resemblances  and  differences  of  the  dental  apparatus.  In  fact, 
although  the  conditions  may  be  constant  in  the  same  species,  yet  they  are  so 
minute,  that  they  fr^uently  can  be  made  out  very  imperfectly  and  with  un- 
certainty ;  and,  besides  this,  the  variations  in  the  positions  of  the  animal 
when  moving  its  body  cpppear  so  materiaUy  to  alter  the  form  of  the  mechanism 
in  question,  that  careful  students  often  differ  respecting  it  in  the  case  of  the 
sdf-same  animal.  To  illustrate  these  remarks,  we  may  appeal  to  the  descrip- 
tion of  Melieerta  ringens,  as  separately  and  independency  detailed  by  Prof. 
'^niHamson  and  by  Mr.  Gk>sse.  The  latter  represents  three  or  four  transverse 
bars  or  teeth  to  each  lateral  jaw  (XXXVII.  23),  the  former  above  a  dozen 
(XXXVil.  26) ;  the  one  detects  a  trilobed  bulb,  tiie  other  speaks  of  a  single 
conglobate  organ,  but  which,  from  his  figures,  might  be  called  bilobed.  Addi- 
tional illustrations  of  such  doubt  and  uncertainty  are  to  be  found  cm  compar- 
ing the  descriptions  of  the  maxillary  organs  recounted  by  any  two  observers. 
Ehrenbei^s  representations  are  now  set  aside  by  all,  improvements  in  the 
microscope,  and  repeated  examinations,  having  demonstrated  their  erroneous- 
ness.  The  whole  tribe  of  Agomphia  or  toothless  Botatoria  must  be  set 
aside ;  for  it  seems  a  well-established  rule,  that  no  female  of  the  class  is  de- 
ficient of  dental  organs,  and  the  genera  IchOtydmm  and  Choetonotta  cannot, 
as  before  shown,  be  retained  in  the  class.  ErUeroplea,  again,  is  in  all  proba- 
bility a  male  animal,  and  CyphonauU*  wants,  according  to  Ehrenberg's  plates, 
the  characteristic  organization  of  Botatoria  in  all  its  details.  But  it  would 
be  useless  to  continue  an  analysis  of  the  other  types  established  by  the  Berlin 
Professor,  the  existence  of  any  one  of  which,  having  the  particulars  of  struc- 
ture assigned  to  it,  is  not  to  be  demonstrated.  What  is  worse,  we  must  con- 
fess to  the  absence  of  any  one  detailed  account  of  the  dental  apparatus  which 
can  be  received  with  implicit  confidence  in  its  accuracy ;  so  greatiy  have  the 
leading  writers  on  the  Botatoria  differed  among  themselves  in  describing  the 
mechanism  in  question. 

Dujardin  distinguished  the  following  parts  in  the  maxillary  apparatus : — 
the  "yuZcrrwrn"  or  support,  a  single  central  piece  with  two  articulated  branches ; 
the  "  9eapuM  "  or  lateral  branch  ending  in  an  articulated  point,  "  acie$**  and 
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ch  is  the  jaw  piopeily  so  called.  In  most  cases, 
rs  consist  of  two  bent,  geniculate  processes^  an 
)  latter  gives  attachment  to  the  muscles  moving 
several  teeth  are  devebped  on  the  former.  In 
ly  each  jaw  is  provided  with  three  homy  arches 
ia,  and  Melieerta),  Two  of  these  arches  (arcH$ 
ed  inwards,  whilst  the  third  (arcus  exterior)  is 
inder  arch  the  muscles  of  the  jaw  are  attached, 
rches,  with  their  transverse  teeth,  against  each 

ving  particular  account  of  the  grinding  apparatus 
teeth  consist  of  two  essential  portions,  a  pair  of 
L  bruise  the  food,  and  various  appendages  afford- 
;  the  action  of  the  musdes  upon  them.  The 
igated  plates  (XXXYII.  26),  each  being  about 
sparated  from  each  other  at  the  mesial  Une,  near 
;kened.  From  each  of  these  plates  there  proceed 
irs,  all  of  which  are  somewhat  thickened  at  their 
are  attached  to  the  plates,  whilst  at  their  oppo- 
tih  the  others  of  the  same  side  by  a  curved  con- 
he  outer  sides  of  which  are  given  off  various 
tree  uppermost  of  these  bars  are  the  largest,  the 
n  size  and  strength  as  we  descend,  the  inferior 
From  the  upper  extremities  of  the  two  crushers 
nckwards  two  slender  prolongations  united  by  a 
lear  their  apex,  where  they  not  only  play  upon 
ird  small  central  fixed  point,  lodged  in  a  little 
Shrenberg  only  describes  three  transverse  bars 
irds  as  teeth.  It  is  obvious  that  he  has  only 
larger  pairs.  It  is  equally  evident  that  these 
them,  do  not  move  upon  the  strong  longitudinal 
re  firmly  united  with  them.  Muscles  are  eith^ 
eripheral  processes,  or  to  the  cellular  mass  in 
bedded,  causing  the  entire  apparatus  to  separate 
»ial  line  by  means  of  the  hmge  joint,  the  so- 
tting the  motor  force  to  the  two  longitudinal 
ages  are  thus  made  to  play  upon  each  o&er  with 
lent  crushers,  bruising  the  food  before  it  passes 
case  with  the  gastric  teeth  of  the  Crustacea. 
dU  be  seen  that,  though  in  its  construction  the 
mplex  than  is  represented  by  £hrenberg,  in  its 

nother  accurate  English  observer,  has  seen  in 
a  StepTianoceros,  the  <^  pharyngeal  armature  com- 
i  (XXXVIl.  30) :  two  of  these  (which  form  the 
iongated  triangular  prisms,  applied  together  by 
pper  £EU}es  are  rather  concave,  while  the  other 
tiiese  the  two  other  pieces  (the  mallei  of  Mr. 
90  last  are  elongated,  concave  internally,  convex 
dear  spaces  in  their  interior  ;  from  their  inner 
rojects  inwards.  At  its  anterior  extremity  this 
)d  into  five  or  six  hard  teeth  with  slightly  en- 
>tIj  the  divisions  become  less  and  less  distinct, 
9  appearance  of  the  rest  of  the  piece."     This  is 
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ntiany  the  aame  stnmtuw  as  that  of  the  teeth  <rf  NoUmmaia  deiciibed  by 
Mr.  Dalrymple  (Phil.  TrwM.  1849),  and  by  Mr.  Oosee  (XXXVI.  6)  {T,  M.  8. 
1851),  and  very  different  from  the  stirrap-Bhaped  **  armature  "  represented 
by  Ebxenbeig  and  Dojardin  in  Lacinularia.  Prof.  Huxley  notes,  moreover, 
the  omission  of  the  two  pieces  oonstituting  the  *^  incui"  in  the  description 
given  of  the  apparatus  by  Leydig. 

The  last-named  author  has  attempted  no  general  description  of  the  dental 
organs,  and  has,  in  the  specific  detaOs,  so  briefly  adverted  to  their  structure, 
that  he  would  seem  to  attach  to  them  little  importance.  He  has,  however, 
figured  the  maTilto  of  Notommata  SUboldU  (XXXVII.  31),  wishing  especially 
to  represent  the  transversely-striated  muscles  acting  upon  them.  He  men- 
tions the  maxillaB,  which  occupy  the  spacious  angular  maxillary  bulb,  as  ex- 
hibiting a  bifid  or  forked  portion,  hooked  at  the  ends,  with  a  spine  projecting 
from  the  inner  side,  and  a  margin  on  the  outer  side :  to  the  latter  tiie  strong 
muscles  for  opening  and  shutting  the  maxillsB  are  affixed.  The  transverse 
striation  of  the  muscles  is  particularly  brought  into  view  by  pressure  on  the 
apparatus.  Cohn  (Zeitschr.  1855)  has  some  very  precise  details  respecting 
the  structure  of  the  dental  mechanism  of  Hydatina  senta,  and  of  two  or  three 
other  Botatoria ;  but  it  would  lead  us  beyond  our  scope,  to  transfer  them  to 
our  pages. 

The  most  elaborate  att^npt  to  unfold  the  true  structure  of  the  maxills, 
and  to  reduce  all  the  varied  forms  to  a  oonmion  type  the  essentials  of 
which  are  always  detectable  notwithstanding  any  degree  of  general  modifi- 
cation, has  been  made  by  Mr.  Goase.  The  diversity  of  deBcr^)tions  met  with 
among  vrriters  on  the  Rotatoria,  respecting  the  maxilUe,  is  materially  due  to 
the  limited  examination,  undertaken  by  any  one  of  them,  of  those  organs, — 
each  observer  having  studied  some  one,  or  at  most  but  a  few  q)ecies,  and 
then  describing  the  peculiar  maxillary  organs  met  with  as  pervading  the 
whole  class :  such  as  is  essential  to  the  discovery  of  their  true  relations,  a 
comparison  of  their  structure  among  all  the  genera,  has  been  n^lected.  The 
right  mode  of  study  seems  to  have  been  undertaken  by  Mr.  GkMsee ;  but  his 
conclusions  require  to  be  tested  by  repeated  observation  (PhU,  Trans,  1855). 
His  method  of  manipulation,  for  the  purpose  of  examination,  is  well  worth 
noting.  He  says  (op,  cit,  p.  424), — "  In  the  course  of  experiments  with 
various  chemical  reagents  on  these  animals,  I  found  that  a  solution  of  potash 
had  the  effect  of  instantly  dissolving  the  flesh  and  most  of  the  viscera,  leaving 
the  general  integument,  the  walls  of  the  pharyngeal  bulb,  and  all  the  solid 
parts  of  the  manducatory  iqyparatus  uninjured.  In  most  cases,  also,  the  last- 
named  organs  are  expelled  from  the  visceral  cavity  by  the  contraction  of  the 
integuments,  so  that  they  float  at  large  in  brilliant  clearness,  undimmed  by 
intervening  tissues,  and  as  patent  to  observation  as  when  crushed  betweoi 
plates  of  glass,  with  the  advantage  of  all  the  parts  being  unbroken  and  re- 
taining their  relative  positions.  Now,  by  turning  the  screw  of  the  compres- 
florium,  flattening  or  deepening  the  drop  of  water,  waves  were  communicated 
to  it,  by  means  &[  which  the  floating  bulb,  being  nearly  globular,  was  made 
to  revolve  irregularly,  and  thus  to  present,  in  succession,  various  aspects  to 
the  eye." 

To  display  his  researches  ever  so  briefly,  we  must  first  introduce  his  no- 
menclature. The  gizzard  or  enclosing  maxillary  bulb,  he  calls  the  mastax 
(XL.  20) ;  and  declares  it  to  be  a  muscular  trilobate  sac.  The  nuuvUlce  con- 
sist of  two  geniculate  bodies  (mdttd)  (XL.  20  6),  and  a  third  on  which  they 
work  (ineus)  (XL.  20  /).  Each  mMeus  is  of  two  parts — 1,  the  manubrium 
(e),  and  2,  the  uncui  («), — ^united  by  a  hinge  joint  The  manubrium  is  a 
piece  of  irregular  form,  consisting  of  carmce  of  solid  matter,  enclosing  three 
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ich  are  filled  with  a  more  membranoas  substanee.  The  uncut 
several  slender  pieces,  more  or  less  parallel,  arranged  like  the  teeth 
,  or  like  the  fingers  of  a  hand. 

na  consists  of  two  rami  (g)  articulated  by  a  common  base  to 
[lity  of  a  thin  rod  (fdlcrum)  (h)  in  such  a  waj  that  they  can  open 
by  proper  muscles.  The  fingers  of  each  **  uncus ''  rest  upon  the 
ling  ramus,  to  which  they  are  attached  by  an  elastic  ligament.  The 
are  moved  to  and  fro  by  distinct  muscles ;  and  by  the  action  of  these 
each  and  recede  alternately,  the  ''rami"  opening  and  shutting 
>usly,  with  a  movement  derived  partly  from  the  action  of  the 
and  partly  from  their  own  proper  muscles. 

dl  the  variations  in  form  and  disposition  of  the  parts  presented  in 
Anurcea,  SynchcUa,  Diglena  (XL.  24),  Polyarthra,  Asplanchna^ 
,  &c.,  the  same  type  prevails  as  in  Brachionus  (XL.  20-23)  (which 
OS  Mr.  Gosse  uses  as  his  standard  of  comparison).  The  modifica- 
Lose  genera  may  in  general  **  be  considered  as  successive  degenera- 
te '  mallei,'  and  augmentations  of  the  incus.  In  another  collection 
(the  fixed  or  urceolate),  the  organs,  although  essentially  the  same 
former  type,  are  somewhat  disguised  by  the  excessive  dilatation  of 
)i,*  and  by  the  soldering  of  the  unci  and  rami  together  into  two 
kch  of  which  approaches  in  figure  the  quadrant  of  a  sphere.  The 
stirrup-shaped '  armature  of  the  Philodinasa  arises  from  misappre- 
for  it  has  no  essential  diversity  from  the  common  type,  their  analogy 
^era  last  mentioned  being  abundantly  manifest,  though  they  are 
iT  disguised  by  the  obsolescence  of  the  '  manubria.'  In  Flo$eularia 
26)  and  Stephanoceros  (XL.  27,  28)  the  most  aberrant  Eotatoria, 
IX '  is  wanting ;  and  in  the  former  genus  the  incus  and  manubria 
)d  to  extreme  evanescence,  though  the  two-fingered  unci  show, 
tructure,  relative  position,  and  action,  the  true  analogy  of  these 

leir  homology,  he  aigues  they  have  no  true  affinity  with  the  gastric 
e  Crustacea,  though  he  states  his  conviction  that  the  Eotifera  belong 
it  Arthropodous  division  of  animals. 

iction  of  the  homy  jaws,"  Mr.  Gosse  remarks  in  his  account  of 
"  is  not  exactly  that  of  two  flat-surface  mullers,  working  on  each 
grinding  manner,  but  a  complex  motion  impossible  to  be  explained 
'  Since  the  nature  of  our  work  has  compelled  us  to  limit  ourselves 
outline  of  Mr.  Gosse's  most  elaborate  and  important  researches  on 
icatory  organs  of  the  Eotifera,  we  cannot  too  strongly  recommend 
i  to  refer  to  that  gentleman's  essay  in  the  Transaetiona  of  the  Royal 
>th  for  a  more  complete  acquaintance  with  his  views  and  discoveries 
those  particular  organs,  and  for  a  host  of  valuable  details  on 
B  of  the  anatomy  of  this  class  of  animals. 

lotatoria,  the  so-called  single-toothed  species,  have  the  faculty  of 
;  their  maxillsB  beyond  the  mouth,  and  of  using  them,  in  this  curious 
ys  prehensile  organs.  Thus  the  animal  is  enabled  to  seize  upon 
>ut  awaiting  its  being  casually  engulfed  within  the  vortex  of  its 
ead.  Examples  are  found  in  Synchasta  mordax,  in  Distemma 
and  in  Diglena  (XL.  24). 

dUary  bulb  communicates  immediately,  or  by  the  medium  of  a  mem- 
inal,  with  the  stomach — the  next  division  of  the  alimentary  tube. 
.  is  very  commonly  termed  the  oesophagus ;  but  we  prefer  to  call  it 
Ltricular  canal,  to  avoid  confusion  and  doubtful  analogies.  It  com- 
the  posterior  inferior  part  of  the  bulb. 
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L^^  lepreeentB  this  tabe  to  be  lined  by  a  continuation  of  the  chitinous 
inner  layer  of  the  maxillary  hvlh,  and  uses  this  view  to  explain  the  distinct- 
ness of  outline  frequently  remarkable  in  the  walls  when  of  considerable 
thickneeSy  e,  g.  in  NoUmmata  etmtrwra  (XXXYIII.  26  q)  and  N,  tardigrada. 
This  sharp  contour  is  especially  manifest  during  contraction  of  the  canal, 
whereby  it  is  thrown  into  transverse  folds  or  wrinkles,  noticed  by  Ehrenbeig 
under  the  title  of  **  hard  oesophageal  folds/'  and  elsewhere  of  a  '^  rather  firm 
framework  at  the  commencement  of  the  oesophagus."  Leydig  adds — ''  The 
organs  described  by  £hrenbeig  in  Notommata  mcdgera,  as  *  large  vibrating 
giOs,'  must,  I  think,  be  considered  transverse  folds  of  the  chitin  membrane 
m  question."  The  existence  of  so  dense  a  lining  to  the  gastric  tube  implies 
the  absence  of  cilia  on  its  surface ;  and,  in  fact,  Leydig  declares  he  has  never 
seen  the  least  sign  of  such  organs,  although  both  Perty  and  Williamson  affirm 
tiidr  existence.  The  folds  into  which  iMs  tube  is  thrown  when  contracted 
are  occasionally  {e.  g,  in  Notommata  SieboldU)  (XXXYII.  22)  longitudinal 
instead  of  transverse.  Mr.  Gosse  says  of  it  that  it  is  "  composed  of  longitu- 
dinal and  annular  contractile  tissue,"  and  that,  at  least  in  Asplanehna  prio^ 
dcnta  (XXXVI.  9 1),  *'  it  is  capable  of  immense  dilatation,  but  commonly  takes 
tiie  form  of  a  slender  tube  with  the  lower  extremity  swollen,  where  an  oval 
pancreatic  gland  is  attached  on  each  side.  The  passage  of  a  small  morsel, 
sudi  as  a  CkUomonas,  shows  that  the  walls  of  tlos  oigan  are  thick,  leaving 
(mly  a  slender  tube  when  corrugated."  However,  in  different  species  tho 
width  and  the  thickness  of  its  walls  vary  much.  The  proventricukr  canal 
has  a  ccmsiderable  length  in  Diglena  and  Synchaita ;  it  is  rather  long  in 
Triar^ra,  Ladnutaria^  and  Hydatina,  and  very  short  in  Euchlanidota,  Bra^ 
MamBa,  and  MdUerta,  In  not  a  few  genera  it  is  altogether  wanting,  the 
maxillary  bulb  being  superposed  immediately  upon  the  stomach :  sudi  are 
AMComorpha  and  the  genera  of  the  family  PhiU^^mcea, 

The  ttcmaeh  succeeds  to  the  gastric  canal  as  a  distinct  segment  separated 
from  the  alimentary  tube  below  by  a  constriction,  and  is  remarkable  also  in 
general  by  its  greater  capacity  (XL.  1  e),  Leydig  affirms  that  a  portion  of 
the  digestive  canal  separated  from  the  rest  by  a  constriction,  and  essentially 
repieeenting  a  stomach,  exists  in  all  true  Botatoria;  but  other  writers  describe, 
as  in  PkUcdina  (XXXYIQ.  1, 2),  and  in  Lindia  (XL.  1, 3),  the  existence  of 
a  straight,  slender,  funnel-like  alimentaiy  canal  extendbig  frx>m  the  mouth 
to  the  doaea  without  any  constriction  or  any  stomach  dilatation.  In  Hy- 
datina and  SynehcBta,  Perty  says  the  canal  is  uniform  in  calibre,  without  any 
stcnnach-like  expansion ;  yet  Cohn  distinguishes  the  narrower  lower  end  of 
the  alimentary  tube  of  Hydatina  as  an  intestine,  because  it  is  less  constantly 
occupied  with  food,  is  colourless,  and,  unlike  the  stomach,  has  no  such  cells 
on  its  wall.  Moreover,  as  an  irregularity,  he  twice  met  with  a  sphincter- 
like constriction  (pyloruB)  separating  the  two.  In  EuManis  and  Braehionus, 
on  the  other  hand,  the  division  is  dearly  indicated  (XXXIX.  16). 

The  opposing  statements  of  authors  on  this  question  may  probably  be  re- 
conciled on  the  supposition  that,  of  different  observers,  some  have  viewed  the 
fmn^  when  it  has  been  fbll  and  distended,  others  when  empty  and  contracted, 
and  that  the  constriction  indicating  a  definite  stomach  hais  appeared  only 
during  rejdetion,  just  as  hi^pens  with  the  human  stomach,  whidi,  when  full 
and  engaged  in  digestion,  is  deeply  constricted,  and  for  the  time  appears 
almost  like  a  double  organ. 

Ehrenberg  distinguished  four  types  of  Botatoria,  according  to  the  cha- 
racters of  the  alimentary  tube,  which  he  respectively  named — 1.  Trachelo- 
gasiriea ;  2.  dxlogastriea ;  3.  Oasterodela ;  4.  Trachelocystica, 

1.  The  TraeheIoga$triea  comprehended  animals  having  a  long  filiform  gullet, 

^  E 

Digitized  by  VjOOQ IC 


418  GENERAL  HIBTOBT  OF  THE  IFTUBOBIA. 

rapidly  transmittiiig  and  not  retaining  the  food,  and  twminating  in  a  oompa- 
ratively  short  conioal  intestine,  without  a  stomach  dilatation,  e.  g.  IdUhffdimiij 
OhcgUmotus. 

2.  OodogastriM,  Botatoria  with  a  yery  short  gullet,  a  long  conical  in- 
testine, and  no  stomach,  e,  g,  ffydoHna,  SynehoBta. 

3.  Oasterodela,  those  Botifers  having  an  eridoitlj  developed  stomachy  or 
a  dilatation  of  the  alimentary  canal  limited  hy  a  definite  constrietiim, 
e.  g,  EuManis,  BrcuJUonus,  I/epadeUa,  Diglena,  &c. 

4.  TracheloeysHca,  with  an  indistinct  gullet,  hut  having  a  very  long,  fih- 
form,  small  intestine,  in  which  the  fbod  is  detained,  and  also  a  lai^  ^ohnlar 
intestine  (rectum  or  cloaca)  placed  dose  to  the  dischaiging  orifice,  e,  g.  Bat^eTf 
Actiniunts,  PhUodina, 

8uhsequent  independent  ohservers  have  heen  ahle  neither  to  recognize  all 
these  distinct  types  of  structure  nor  to  admit  their  value.  Leydig,  in  &ct, 
insists  that  the  so-called  '*  gasterodelous  "  type  is  the  only  one  seen  in  Rota- 
toria ;  hut,  as  just  now  stated,  several  authors  admit  the  existence  of  a  smi^ 
oonical  or  tapering  alimentary  tuhe,  without  dilatation  or  stomach,  in  several 
of  the  dass. 

The  Traehdogaatriea  are  represented  only  hy  heings  which  are  now,  by  gene- 
ral consent,  excluded  from  the  Eotifera.  The  termination  of  the  intestine  in 
a  dilated  sac-like  expansion,  in  which  also  the  generative  canals  end,  whence 
its  name,  '<  doaca/^  is  the  role ;  or,  to  use  Ehrenherg's  term,  the  maj<»ify  of 
the  Botatoria  are  Traehelocystiea. 

The  stomach  dilatation,  like  the  rest  of  the  alimentary  canal,  is  capable  of 
great  expansion,  hy  which  its  figure  is  considerably  altered.  Usoallybot 
one  gastric  cavity  has  been  described ;  but  in  some  gpeciee  there  is  a  second, 
and  Huxley,  in  his  history  of  Laeinularia  (XXXVlI.  19),  describes  thm 
portions  or  divisions  between  the  gastric  cemal  and  the  rectum, — thefint 
with  two  pyriform  sacs  opening  into  it,  the  middle  one  frequently  with  sevoal 
short  ceUuiar  cseca,  and  the  lowest  with  several  cellular  cseca  projecting  ex- 
ternally, and  clothed  wittdn  with  very  long  dHa.  According  to  Prof.  Wil- 
liamson, the  stomach  of  Melicerta  (XXKYII.  17)  consists  <^  an  upper  a&d 
lower  segment,  separated  the  one  from  the  other  by  a  marked  tiiough  vary- 
ing constriction, — ^the  upper  stomach  elongated,  the  lower  almost  spherical 
Mr.  Gosse  describes  this  same  organization  in  MeUcerta^  but  calls  the  i^per 
s^^nent  '^a  wide  cylindrical  stomach,"  and  goes  on  to  say  that  the  food 
passes  from  this  into  a  globose  intestine  which  ends  in  a  dender  but  dila- 
table rectum.  

A  similar  double  organ  is  fbund  in  FJmcuUma,  Stephanoceng  (JUULVlL 
1/),  and  Tulncolaria.  Moreover  Ehrenberg  noted  a  sac  attached  to  the 
stomach  of  Megahtrocha,  which  he  called  a  caacom.  The  oonfiguratian  of 
the  stomach  is  otherwise  altered  by  tubular  and  saoonlar  f^[»pendages,  andm 
a  few  instances  is  lobular,  as  stated  by  Mr.  Qoese  in  Aspkmckna  (XXXTL 
9  s).  Ehrenberg  states,  at  p.  399  of  his  great  work,  that  the  stomach  of 
Lacimdaria  is  complicated  by  two  blind  tubes  (intestines),  and  yet,  at  p.  40S» 
reverses  this  statement  by  saying  that  it  is^'  without  blind  intestine-like  qn 
pendices."  Leydig  admits  the  latter  as  tiie  truth ;  but,  as  already  seen, 
Huxley  remarked  two  pyriform  sacs  attached  to  the  first,  and  csca  to  eaeh 
of  the  other  two  segments.  Ehrenberg  frirther  describes  csDcal  appendages  to 
the  stomach  of  Notommata  davulata,  and  of  Dtglena  laetutrig,  but  sudi  were 
probably  the  turgid  stomach-ceUs  presently  noticed. 

The  tissues  or  histological  dements  entering  into  the  formation  of  the 
stomach  are— 1,  a  limiting  external  membrane,  and,  2,  an  internal  layer  of 
epithelium  (XL.  4).     The  former  is  the  same  tissue  with  that  oonstitating 
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the  walls  of  other  portions  of  the  alimentary  canal,  and  is  sappoeed  hy  many 
to  contain  nmscular  fibriUaa,  although  so  veiy  thin,  pelluoid,  and  apparently 
stractnreleeB.  Leydig,  however,  cfdls  it  a  homogeneous  oonnectiYe  tissue. 
The  lining  of  epithelium  is  made  up  of  large  turgid  cells,  rendering  the  wall 
thick  and  of  a  pulpy  appearance  (XXXVIII.  26/).  In  young  «ninnLli|  the 
qrithftlial  cells  are'  ccdourless ;  but  in  adult  beings  their  granular  contents 
are  coloured  and  interspersed  with  £Kt-globules,  whence  it  is  that  the  walls 
d  the  stomachs  assume  a  yellowish  hue  often  intermingled  with  green  and 
brown  tints.  The  cells,  moreover,  commonly  possess  a  nucleus  and  a  nude- 
ohiSy  and  their  free  surface  is  constantly  ciliated.  They  are  readily  detached 
from  the  subjacent  membrane  and  from  each  other^  and  are  then  se^i  to  have 
a  spherical  or  ovoid  figure. 

**  The  great  thickness  of  the  epithelial  layer,"  writes  Mr.  WOliamson,  ^*  as 
compared  with  the  entire  diameter  of  the  organ,  is  curious :  whilst  the  latter 
averages  about  yjhr^  ^^  ^^  ^<^»  ^^  former  is  often  not  lees  than  y^th, 
or  ^th  of  its  entire  diameter.  The  cells,  when  detached,  vary  in  sise,  from 
a  diameter  of  -f^Wth  to  TT^nrth  of  an  inch;  one  of  these  was  fringed  with 
cHia  x^W^  ^^  ^^  "^^  ^%'  <^^  ^^  ^  nudeuB  j-^ih,  of  an  inch.  After 
being  detadied,  some  of  the  ciliated  cells  floated  diowly  away,  like  so  many 
animalcules." 

Although  this  description  and  the  measurements  refer  specially  to  the 
Mdieerta  ringens,  yet  the  relatively  large  sixe  of  the  cells  is  a  feature  com- 
mon to  all  the  Botatoria,  and  has  been  pdnted  out  and  figured  by  Leydig, 
Siebold,  and  others. 

The  second  stomach,  noticed  by  Williamson  in  MeUe&ria,  also  had  a  layer  of 
efttthelial  cells  bearing  ciHa  '^  even  longer  than  those  of  the  upper  viscus, 
—although  the  paiietes  were  very  mudb  thinner  and  more  transparent,  the 
oells  being  less  easily  traced."  In  the  third  or  lowest  dilatation^  seen  by 
Hojdey  in  Ladnularioy  the  interior  was  clothed  with  very  long  cilia  (XL.  4). 

Ehienbeig  remarked  the  existence  of  large  stomach-cells  in  Dtglma  la-' 
c^stris,  and  df  less  distinct  ones  in  Notommata  MyrmtUo  and  N,  Oapeug.  The 
pooches  he  speaks  of  around  the  alimentary  tube  of  Hydatina  $enta,  and 
whieh  imparted  tiie  appearance,  to  his  eye,  of  a  bunch  of  grapes,  are  no  other 
than  epithelial  cells.  In  PTUiodinasa  the  intestioal  canal  is  stated  to  be  fili- 
Ibrm,  and  enveloped  in  agranular  cellular  mass ;  that  is  to  say,  the  calibre  is 
very  much  reduced  by  the  turgid  cells  lining  the  walls.  The  compact  mass 
of  blind  tubules,  so  described  in  Rotifer,  admits  a  like  interpretation. 

In  Notommata  tarcUgrada  Leydig  fedled  to  detect  cilia  either  in  the  stomach 
or  intestine. 

In  the  great  minority  of  the  Botatoria  a  ctofinite  '*  intesdne  "  follows  the 
stomach,  and  ends  below  ia  the  doaca.  This  intestine  is  generally  known  as 
the  **  reehtMf**  and  is  suiq[>osed  to  represent  the  large  intestine  of  higher  ani- 
mals. It  varies  much  in  its  dimensions  in  different  species,  especially  in  its 
length  and  course.  It  is  long,  straight,  and  capacious  mNatammaia  oetUrura 
(xxxviiT.  26),  and  in  EueMams  triquOra  (XXXVIII.  5),  short  in  Laeinu- 
lariaf  and  extremely  short  in  Notommata  tardigrada. 

Among  the  encased  Botatoria  it  is  of  considerable  lengthy  owing  to  its 
carving  l>rwards  from  the  second  st<Hnach,  so  as  to  reach  its  outlet  near  the 
margin  ci  the  enclosing  uroeolus,  or  in  other  words  the  neck  of  the  animal, 
and  thereby  provide  for  the  immediate  removal  of  the  excrementitions  matter 
from  contiguity  witii  it  (XXXYU.  17).  In  8Uphanocero$  and  Flosoularia,  as 
exceptions  to  this  rule,  this  intestine  is  short.  Looking  at  the  so-called  second 
rnkmnu^h^  placed  at  the  head  of  the  rectum  in  these  fixed  Rotifers,  we  might 
rather  assimilate  it  to  the  cfldcum,  which  in  some  of  the  higher  classes  forms 
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a  sort  of  sab&ddiaiy  stomach,  where  the  digeetive  process  is  finally  completed. 
Still  it  is  not  possihle  to  estahlish  all  the  minute  homological  rdations  be- 
tween these  animals  and  those  of  the  yertebrate  class.  The  intestine,  like 
the  stomach,  has  a  limiting  membrane,  possibly  mnscnlar,  and  is  lined  by  a 
ciliated  epithelium  which,  imlike  that  of  the  stomach,  is  not  coloured,  and 
its  cells  less  easQy  detected.  It  is  capable  of  very  great  dist^ision.  The 
rectum  commonly  ends  in,  or,  it  may  be  said,  expands  into,  a  globular  sac, 
which,  from  its  likewise  receiving  the  ^;g8  from  the  oviducts  opening  into  it, 
is  ansJogous  to  the  cloaca  of  birds  (XXXYIII.  26  t).  This  cloaca  has  a 
fine,  transparent  wall,  and  opens,  posteriorly  or  dorsally,  at  the  base  of  the 
pseudopodium,  or,  where  Hob  segment  is  absent,  near  ^e  extremity  of  the 
body,  by  an  outlet  usually  called  the  anus. 

The  cloaca  is  particularly  dilatable ;  for  sometimes  it  is  much  loaded  with 
accumulated  ftBcal  matter,  and  at  others  is  distended  by  one  or  more  of  the 
enormous  ^gs  the  Eotatoria  habitually  produce.  In  discharging  an  egg,  or 
in  emptying  itself  of  other  matters,  the  cloaca  is  everted  and  thrust  out 
through  its  external  orifice. 

From  the  mode  in  which  the  walls  are  drawn  into  longitudinal  and  circular 
folds,  as  exemplified  in  Notommata  cmtrura  (XXXYIII.  26),  Leydig  is  in- 
duced to  admit  the  presence  of  muscular  fibrils  regularly  disposed  in  the 
two  corresponding  directions.  Moreover  the  manner  in  which  the  doacal 
orifice  is  closed,  after  the  extrusion  of  any  mass,  indicates,  in  this  author's 
opinion,  a  sphincter  power,  and  consequently  the  presence  of  muscular  fibres 
around  it.  The  contraction  of  the  entire  canal  on  itself  is  sometimes  so  great 
that  it  is  only  manifest  by  a  streak. 

A  most  remarkable  structural  exception  is  met  with  among  certain  female 
Botatoria,  vie.  the  entire  absence  of  an  intestine  and  anus.  It  prevails  in 
the  genus  A»planchna  (Goese),  in  the  Notommata  Sieholdii  (Leydig)  (probably 
in  N,  Syrinx),  in.  Ascomorpha  Helvetica  (^erty),  and  mA.  Oermanica  (Perty) 
(XXXVI.  9  ;  XXXVn.  32;  XXXVm.  28).  This  want  rf  a  discharging 
posterior  outlet  necessitates  the  rejection  of  excrementitious  matters  from  the 
stomach  through  the  mouth. 

This  structure  is  so  veiy  exceptional  and  peculiar,  that  Prof.  Williamson 
is  not  prepared,  without  farther  evidence  than  has  yet  been  advanced,  to 
admit  it  as  true  of  any  Rotifera.  It  is,  he  writes  (in  lit.)  contrary  to  pro- 
bability, and,  if  established,  would  induce  him  to  exclude  the  f^nimftlf^  so 
organized  from  that  class. 

Recepttost  op  Food — ^rre  Deglutition,  &c. — ^The  food  of  the  Rotatoria,  as 
beforo  noticed,  is  attracted  towards  the  mouth  by  the  vortex  caused  by  the 
rotation  of  the  cilia  crowning  the  head.  An  exceptional  means  of  prehension 
is  seen  in  those  Botatoria  which  protrude  their  jaws  beyond  the  mouth,  using 
them  as  pincers  or  forceps  to  seize  any  larger  prey.  "  In  general,"  writes 
Mr.  Gosse  (PMl,  Trans.  1866,  p.  429),  "  the  ciliary  vortices  are  sufBici^it  to 
bring  the  prey  within  the  buccal  frmnel  (pharynx)  ;  but  in  several  genera 
of  the  family  Euchlanidota,  as  Metopidia,  Cohmis,  Monura,  and  Stiphanops, 
there  is  a  curious  accessory  organ,  which  aids  in  the  capture  of  the  prey ;  at 
least  I  am  sure  it  is  so  employed  in  several  species  of  Metopidia.  Thus  in 
M.  acuminata  the  frontal  region  is  formed  by  an  arehed  fieshy  process  ocd- 
pitaUy,  which  is  approached  by  a  small  one  on  the  '  mental '  side ;  and  be- 
tween these  is  the  wide  entrance  of  the  buccal  funnel.  The  occipital  process 
is  protected  by  a  homy  crystalline  plate,  forming  a  segment  of  a  sphere,  and, 
when  viewed  laterally,  taking  the  appearance  of  a  curved  horn.  It  can  be 
partially  protruded  and  retracted,  and  also  bent  down  to  meet  the  mental 
lobe.     Tins  apparatus,  when  the  animal  is  taking  food,  is  kept  in  vigorous 
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action.  A  strong  ^itrtez  is  prodnoed  by  the  ciliaiy  wheels ;  and  as  the 
fioaiiog  atoms  whirl  by,  the  moveable  plate  is  thrown  forward  with  a  grasp- 
ing motion,  the  fleshy  head  being  at  the  same  time  protruded,  and,  when 
the  lobes  are  in  contact,  retracted.  This  is  repeated  almost  every  instant 
with  mani^Bst  eagerness  and  discrimination,  the  manducatory  apparatus 
working  vigwously  all  the  while. 

*'  The  same  cuiious  oigan  is  frequently  employed  in  another  way.  It  is 
bent  considerably  downnmd;  and  as  the  animal  crawls  deliberately  up  and 
down  the  stems  of  aquatic  plants,  it  is  used  to  rake  and  grub,  among  the 
floccose  deposits,  the  minute  DiaiomacecRy  &c.,  that  adhere  to  them." 

Having  entered  the  mouth,  it  is  usually  rapidly  conveyed  along  the  pharynx 
to  the  jaws.  In  those  species  which  have  the  phcuynx  expanded  into  a  ''  crop,'' 
such  as  FloseuUaria  and  AspUmckay  this  tranranission  of  the  food  is  less  speedy. 
Mr.  Gosse  imagines  the  *'  crop "  to  possess  a  suctorial  power.  He  says — 
<<  I  think  that  when  the  animal  {Asplanehna  priodanta)  is  cogniiant  of  food 
brought  to  the  mouth  by  the  ciliary  vortices,  it  suddenly  expands  the  crop  by 
the  action  of  the  muscles  that  go  from  it  to  the  skin,  when  the  water  rui^iing 
into  the  vacuum  carries  in  the  prey.  Then  the  network  of  fibres  contracts 
again,  and  the  prey  is  secured." 

Having  reached  the  << maxillary  head,"  the  food  is  '^ lodged"  (to  quote 
Mr.  Gosse's  paper)  "  upon  the  *  rami '  between  the  two  *  uncL'  These  con- 
jointly work  upon  the  food,  which  passes  on  towards  the  tips  of  the  <  rami,' 
and  enters  the  oesophagus  (the  proventricular  tube),  which  opens  immediately 
beneath  them." 

Having  escaped  the  mandibular  apparatus,  the  food  is  subjected  to  the 
action  of  some  digestive  fluids  which  are  poured  into  the  portion  of  the  ali- 
mentary tube  below,  whether  that  portion  be  dilated  into  a  distinct  stomach, 
or  retain  a  nearly  uniform  calibre.  How  long  this  process  of  digestion  need 
be  continued,  we  have  no  data  to  determine ;  but  we  may  conclude  that  the 
time  will  vary  according  to  the  nature  of  the  food,  the  condition  of  the  animal, 
its  species,  and  other  circumstances.  In  Mdicerta  ringens,  which  has  a  double 
stomach.  Prof.  ^Williamson  remarks  that  the  upper  one  '^  appears  to  be  chiefly 
a  receptacle  for  the  food.  From  time  to  time,  especially  when  the  viscus  is 
distended,  a  portion  of  its  contents  pass  down  into  the  lower  stomach."  In 
this  the  mass  of  food  usually  distending  it  "  is  constantly  revolving, — ^the 
motion  being  due  to  ciliary  action.  This  process  goes  on  for  some  minutes, 
after  which  the  creature  contracts  its  body,  and  forces  the  entire  exuvisB  out 
of  the  viscus  into  a  long  narrow  doaca  (rectum),  which  terminates  externally 
by  an  anal  outlet.  As  it  does  this,  it  everts  a  considerable  portion  of  the 
cloaca,  thus  almost  bringing  the  doacal  outlet  of  the  stomach  to  the  exterior, 
and  cauang,  at  the  same  time,  a  large  transparent  protuberance  to  be  deve- 
loped on  the  corresponding  side  of  its  body.  At  other  times  the  creature  can 
draw  in  these  appendages,  so  that  scarcely  any  trace  of  a  cloacal  canal  is  visi- 
ble." Mr.  Gosse  suggests  that  this  protrusion,  at  the  moment  of  discharge, 
is  designed  "  to  shoot  the  feecal  mass  out  of  the  case"  (urceolus) ;  for  the 
outlet  is  then  projected  above  the  rim.  «  The  faeces,"  he  adds,  "  are  slightly 
coherent  and  jelly-like,  not  at  all  like  the  coloured  pellets  of  which  the  urce- 
olus is  built  up." 

The  food  of  the  Rotatoria  consists  of  the  lower  Algse,  of  Protozoa,  Ento- 
mostraca,  other  Rotifers,  and  even  the  weaker  members  of  the  same  species. 
"  The  stomach,"  remarks  Mr.  Gosse,  **  of  the  Asplanchna  is  frequently  occu- 
pied with  animals ;  the  smaller  Anur(Bce,  as  A.  acuUatay  A.  eurvieomis  (?), 
uid  A.  Btipitata  (?),  seem  to  constitute  its  chief  food.  I  have  taken  one  with 
the  specif  last-named  in  its  stomach,  which,  after  about  an  hour,  was  ejected 
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and  8wam  about  as  lively  and  apparently  uninjured  as  ever.  In  one  I  saw 
several  specimens  of  a  long  slender  Fragilaria  hoee  in  the  cavity  of  the  body, 
and  in  the  stomach  of  ano&er  the  long  cell  of  a  Conferva.'' 

From  the  manner  in  which  the  food  is  obtained^  apparently  without  any 
selection  on  the  part  of  the  animals,  the  vortex  driving  into  the  mouth  what- 
ever partides  may  come  within  its  reach,  we  might  condnde  that  the  con- 
tents of  the  stomach  must  be  of  a  very  miscellaneous  diaracter.  This  is  true 
to  a  great  extent ;  yet  the  Botifers  can  cgect  what  is  unsuitable,  and  they 
have  the  power  of  moving  from  place  to  place  in  search  of  suitable  nutri- 
ment, or  at  least,  as  in  the  fixed  forms,  of  arresting  and  withdrawing  the 
ciliary  apparatus  until  noxious  materials  are  floated  past,  or  appropriate  ones 
have  come  within  reach.  That  they  are  passive  recipients  of  the  euzrent 
setting  into  their  mouths,  is  indicated  by  their  swallowing  carmine  or  other 
colouring  matters  mixed  with  the  water,  which,  as  Mr.  Gosse  observes,  are 
ddeterious  to  them. 

The  feeding  of  Eotatoria  with  colouring  matter  serves  a  practical  purpose 
in  the  examination  <^  their  structure ;  for  it  helps  to  reveal,  by  the  contrast 
of  coloured  with  uncoloured  parts,  details  of  structure  not  i^parent  amid  ihe 
uniform  and  delicate  hue  of  the  entire  oiganism  in  its  natural  state.  For 
example,  Mr.  Qtooae  writes — ''The  process  of  swallowing  carmine  enabled 
me  to  see  (in  MeUoerta),  veiy  distinctly,  that  the  oesophagus  enters  the  gie- 
xard  between  the  larger  ends  of  the  jaw-mullers,  and  that  the  stomach-duct 
leads  <^  from  their  smaller  ends  through  the  semiglobular  lobe  beneath." 
The  same  observer  employed  this  means  to  demonstrate  the  manner  in  which 
the  case  of  the  Melicerta  is  deposited,  and  with  very  satLs&ctory  results 
(see  p.  425). 

The  Sbcbbtdtg  Stbtem. — Special  organs  of  secretion  exhibit  themselves  in 
the  Rotatoria  under  the  simplest  form  of  cells,  and  of  involutions  of  the  Hning 
membrane  of  the  alimentary  tube,  as  sacs  and  tubules.  Frequently  their 
ocmtents  are  coloured ;  and  tliese  always  diffar  in  density  and  physical  ap- 
pearance from  the  general  fluids  of  the  body.  The  g^iandular  organs  situated 
about  the  walls  of  the  digestive  canal,  are  supposed  to  have  discharging  duets 
tiirough  which  their  contents  percolate  into  that  tube. 

The  testes  or  spermatic  glands  in  the  male,  and  Hke  ovary  in  the  £amale— 
both  of  them  secreting  organs, — ^together  with  some  accessory  secerning  vesi- 
cles, will  be  described  under  the  section  on  the  Beproduotive  Organs.  8ome- 
tiiing  has  already  been  said  of  some  other  glands  in  the  last  section,  on  the 
Digestive  Organs :  a  more  predse  account  is,  however,  necessary. 

The  most  constant  glands  are  the  two  situated  on  the  upper  snr&ce  of  the 
stomach  near  the  entrance  of  the  gastric  or  proventricular  tube,  and  some- 
times on  that  tube  itself  (XXXVIII.  26  h,  271).  Iliey  are  usually  hemi- 
spherical or  oval,  but  assume  other  shapes,  as  pyriform,  conical,  cylindrical, 
r^uform,  crescentic,  and  forked.  In  a  few,  e.  g,  Noteus  and  some  Braehioncda, 
they  are  stalked,  or,  more  properly  speaking,  have  an  elongated,  tapering  ex- 
tremity. Cylindrical  or  dub- shaped  glands  are  seen  in  NotommcUa  davulata, 
and  forked  ones  in  Diglena  lacu^tris.  In  these  two  spedes,  and  also  in  Me- 
aalotroeha  there  are  likewise  four  long  filiform  tubes,  equalling  the  glands  in 
length,  and  of  the  like  colour,  but  opening  at  the  centre  instead  of  the  fore- 
part of  the  stomach.  In  Polyarthray  Leydig  noticed  two  dongated  secreting- 
sacs  attached  to  the  posterior  surface,  and  in  Laeintdariaf  a  pair  of  0an^ 
instead  of  a  single  one,  at  the  fore  part  of  the  stomach.  Not  being  able 
to  detect  the  ducts  of  the  <'  2-3  pyriform  glandular  (?)  -looking  bodies  often 
attached  to  the  base  of  the  upper  stomach  (of  Mdicerta)  near  the  constriction 
whidi  separates  it  from  the  lower  one.  Prof.  Williamson  hesitates  to  cfdl 
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them  i^dB,  and  doabts  likewise  the  secretory  character  of  the  siimlar  but 
larger  bodies  seen  in  the  neighbourhood  of  the  oesophagos." 

The  glands  are  usually  transparent,  or  have  only  a  slight  milky  opacity ; 
tbey  contain  fine  nucleated  granules  and  molecules,  and  in  some  examples, 
€.  g.  Foluarihra  (XXXYIII.  89)  and  Pterodina^  a  few  small  oil  vesicles. 
Externally  they  are  invested  by  a  transparent  homogeneous  membrane,  to 
which,  in  Albertia,  Bujardin  assigned  an  active  contractility ;  but  this  is  very 
doobtM.  *'  They  are,''  says  the  French  naturalist, ''  stalked  sacs,  placed  at 
the  oommenoem^it  of  the  intestine,  susceptible  of  contraction,  pouring  out 
thor  secretion  into  the  intestine,  from  wh£sh  they  again  fill  themselves,  and 
xmdargo  dilatation :  in  this  example  at  least,  these  appendages  must  be  con- 
sidered eeeea  rather  than  glands."  *^  Sometimes,"  Leydig  observes,  *'  the 
elements  of  the  contained  granular  mass  have  an  dongated  figure,  as  in  No- 
teta ;  and  then  the  contents  of  the  glandi  assume  a  striated  appearance." 
This  account  recalls  that  given  by  Mr.  Williamson  of  a  glandulcur  structure 
hd  BuppoBes  may  possibly  represent  a  spermatic  gland ;  but  of  this  hereafter. 
Colin  believes  he  detected  the  exudation  of  a  blackish  granular  fluid  from 
theae  ^ands  in  BydaHna  smta,  and  its  entrance  within  the  stomach  by  a 
definite  iq»ertnre. 

Hie  granular  vesicles  of  the  glands  were  termed  "  vacuoles  "  by  Bujardin, 
and  have  been  represented  by  Ehrenberg  in  many  figures,  e.  g.  of  EuMams 
tmaarura,  E.  diiatata,  MegcUotroeha,  and  Ladnularia ;  they  have  also  been 
^K^en  of  by  him  as  '^  glands,  vesicular  within."  Moreover  the  sharply- 
defined  olear  vesicles  he  has  represented  in  Theorut  (XXXTY.  427-429)  and 
Pi&rodiHaf  and  termed  '^  eyes,"  Leydig  believes  to  be  nol^iing  else  than  &t- 
▼QBidee  of  the  gastric  glands.  Mr.  Dalrymple  has  accurately  figured  these 
glands  in  his  so-called  NoUmmata  (Asplanchna)  Anglica  (XXXVI.  9  g). 

The  function  and  homologies  of  these  gastric  glands  are  doubtful.  Ehren- 
beig's  first  notion  of  them  was  that  they  were  spermatic ;  but  he  subsequently 
efaanged  his  views,  and  called  them  ^<  pancreatic."  <'  For  what  reason,"  says 
Prof.  Rymer  Jones,  '*  Ehrenberg  has  given  the  name  of  pancreas  to  these  se- 
creting c»ea,  it  is  difficult  to  conjecture,  since  the  first  rudiments  of  a  pan- 
ereas  are  only  met  with  in  animals  for  higher  in  the  scale  of  animal  existence; 
every  analogy,  indeed,  would  lead  us  to  denominate  these  csBca  the  first  ru- 
diments of  a  Uver,  by  far  the  most  important  and  universal  of  the  glandular 
oigans  subeervient  to  digestion,  and  in  a  variety  of  creatures  presenting  an 
equal  simplicity  of  structure." 

However  unsupported  the  notion  of  the  pancreatic  or  salivary  nature  of 
these  ^ands  may  be,  it  has  met  with  several  advocates,  who  have  in  aU  pro- 
babili^  assigned  to  them  this  fdnction  rather  from  the  want  on  their  part  of 
any  definite  opinion  of  their  character  than  for  any  other  reason.  Thus  Dal- 
rymple  vXlnA^  to  them  as  salivary  glands ;  and  Forty  affirms  of  two  filiform 
vessd-like  a{^;>endices  of  the  stomach  (?)  in  Enteropleaf  that  they  are  repre- 
aeatatives  of  the  pancreas  or  of  salivary  glands.  Siebold  adopted  a  similar 
hypothesis;  but  Leydig,  on  the  contrary,  regards  them,  in  a  morphological 
point  of  view,  not  as  pancreatic  glands,  but  as  the  analogues  of  those  pro- 
cesses often  seen  <m  the  stomach  of  Arihropoda ;  he  would  therefore  desig- 
nate them  genially  gastric  glands, — a  view  with  which  we  are  disposed  to 
coincide.  The  small  gUnrf^^)ftr  appendages  on  the  dorsal  surface  of  the  sto- 
aaehsof  starfi^,  sug^st  themselves  as  of  the  same  nature  as  the  appendages 
under  consideration. 

A  yellowish  dear  body  is  situated  on  each  side  of  the  pharynx,  imme- 
dtatdy  in  ironi  of  the  maxillary  bulb,  in  Ladnularia,  Tuhicolaria,  MeUcerta, 
and  BraMonus  (XXXIX.  16),  and  rather  within  the  substance  of  the  bulb 
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in  NoteuB,  This  is  possibly  the  stnicture  alluded  to  by  Mr.  Gosse  as  *'  several 
yellow  glandular  (?)  spots  "  seated  on  the  top  of  the  cushion  of  the  dental 
organs  of  Jsplanchna  (XXXYIII.  28),  and  the  same  with  the  yellowish, 
dear,  homy-looking  masses  mentioned  by  Huxley  in  Lacinularia  (XXXVII. 
19  g}  and  Bradhionus,  The  last-named  naturalist  refers  these  bodies  to  the 
<<  homy  skeleton  "  (see  p.  412).  Lejdig  considered  they  might  possibly  be 
"  salivary  glands." 

The  epitiielium  of  the  alimentary  canal  has  probably  a  glandular  puipoee : 
its  large  ceUs  are  filled  with  a  granular  matter,  and  many  oil-vesides,  besides 
a  nucleus.  The  number  and  lai^  size  of  these  gastric  ceUs  have  been  already 
illustrated  (see  p.  419) ;  they  are  mostly  coloured — ^yellow  or  yellowish  brown, 
with  sometimes  green  spots  interspersed.  Ehrenbeig  remarked  these  cellular 
accumulations,  and  advanced  the  hyx)othe8is  of  their  homology  with  the  liver 
of  higher  animals.  The  colouring  miatter  was  consequently  esteemed  to  be 
the  bHe.  We  have  seen  that  Bymer  Jones  has  assigned  the  fdnctions  of  a 
liver  to  the  so-called  <'  pancreatic ''  sacs,  or  **  gastric  glands."  However, 
most  naturalists  favour  Ehrenberg's  view ;  among  them  are  Dujardin,  Sie- 
bold,  Leydig,  and  Dalrymple.  The  belief,  indeed,  of  the  great  BerHn  natu- 
ralist was,  tiliat  the  cells  grew  from  the  exterior  of  the  wall  of  the  alimentary 
canal,  and  were  so  many  saccular  appendages ;  this  view  modem  research 
does  not  countenance,  but  affirms  the  presence  of  the  cells  within  the  canal. 
The  examples  of  secerning  cells  given  by  Ehrenberg  deserve  to  be  mentioned. 
He  remarked  that  in  ErUeroplea  the  biliary  cells  and  ducts  were  most  pro- 
nounced, and  that  there  was  great  accumulation  of  cellular  or  glandular  ele- 
ments about  the  intestine  of  Motif er,  CaUidina^  and  Philodina ;  in  the  last 
two  he  also  asserted  that  the  mass  becomes  coloured  by  colouring  particles 
swallowed  by  the  animals. 

Mr.  Gosse  puts  the  question  whether  the  littie  granular  body  near  the 
tip  of  the  pedide  of  Mdicerta  is  a  secerning  gland  for  the  secretion  of  an 
a^esive  glue,  by  which  the  foot  adheres,  as  in  Monoeerea,  This  &culty 
of  secreting  an  adhesive  matter  from  the  end  of  the  pseudopodium  is  sur- 
mised by  Ferty  to  be  possessed  by  several  Rotatoria,  viz.  by  CanochUus,  La- 
cinularia, (EeisteSy  Floscrdaria,  Limrdas,  Tvbtcolaria,  and  St^hcmoc&ros, 
This  idea  is  countenanced  by  Cohn  (Zeitschr.  1855,  p.  439),  who  inclines  to 
the  beUef  that  the  solid-lookmg  elongated-oval  bodies  situated  at  the  poste- 
rior extremity  of  the  abdomen  of  BrachionuB  and  other  spedes,  and  usually 
considered  muscular  (moving  the  tail-process),  are  rather  of  a  glandular  na- 
ture, and  possibly  secrete  an  adhesive  glue  to  fix  the  animal.  More  recently 
(Miiller's  Archiv,  1857,  and  A.  N,  H.  1857,  xx.  p.  292)  Leydig  has  accepted 
this  view,  and  tiius  treats  of  these  stractures  in  Hydatina  senta  : — **  The 
clavate  bodies  in  the  tail  consiBt  of  a  delicate  envelope  and  pale  molecular 
contents,  in  which  beautiful  nudei,  each  with  a  nucleolus,  may  be  distin- 
guished ;  in  many  individuals,  small  Mty  points  are  also  present  in  variable 
amount.  I  r^ard  the  organs  in  question  as  glands,  whidi  in  their  positicm 
and  ftmction  correspond  with  the  caudal  glands  of  Enoplus  for  example ;  they 
open  at  the  apex  of  the  caudal  appenda^ges  (ISisszangen) ;  and  as  tiie  worm 
just  mentioned  *  can  attach  itself  finnly  to  the  object-bewrer  by  the  posterior 
extremity  of  the  body,  in  order  to  carry  the  body  round  this  point  with  a  waving 
motion,'  so  also  can  the  Hydatina  fix  i|self  by  the  tips  of  the  caudal  append- 
ages, probably  by  means  of  the  sticky  substance  excreted  here.  It  seems  to 
me  also,  that  in  a  certain  upright  position  of  the  caudal  appendages,  I  have 
detected  the  opening  at  their  tip." 

Other  large  vesicles,  which  some  think  may  be  glandtdar,  occur  in  different 
parts  of  the  body,  and  in  the  foot-process  of  several  genera.  Such  ar«  noticed 
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by  Dobie  in  the  pseodopodiiim  of  Fhseularia ;  and  Le3rclig  mentionB  a  clear 
f^and  or  space  at  the  root  of  the  tail  of  Ladmilaria,  from  which  he  supposes 
a  duct  to  extend  to  the  extremity ;  such  a  stmcture  Huxley  cannot  discover, 
but  states  that  the  extremity  of  the  tail  always  seemed  to  him  '^  to  present 
a  ciliated  hemispherical  cavity,  closed  above ;"  the  supposed  gland  at  the  base 
he  called  a  '<  vascular  mass/' 

An  active  secreting  power  is  displayed  by  those  Botatoria  which  invest 
themselves  in  cases  or  uroeoli ;  for  such  cases  are  always  produced  from  the 
animal,  and  are  the  result  of  excretion.  The  formation  of  its  case  by  the  Mdi^ 
eeria  rmgens  has  often  been  most  thoroughly  examined ;  and  Mr.  Qosse  was 
enabled  to  watch  the  deposition  of  peUet  by  pellet  of  the  excreted  matter, 
lliis  direct  observation  has  entirely  overthrown  the  prevalent  notion  first  ad- 
vanced by  Ehrenbeigy  that  the  case  was  built  up  of  excrementitious  particles 
discharged  from  the  ahmentaiy  canal.  The  organ  actively  engaged  in  the 
building  of  the  case  is  seated  immediately  above  the  long  tubuhu*  process 
extenduog  from  the  neck  of  the  animal  (XXXYI.  1  c) ;  it  is  cup-shapody 
and  its  concave  sur&ce  so  ciliated,  that  when  in  fiQl  activity  it  seems 
to  revolve.  In  this,  which  Mr.  Qosse  calls  the  ** pettet-atp"  the  building- 
material  seems  to  be  prepared  and  fashioned  into  an  oval  or  hexagonal  figure, 
and  then  the  pellets  so  moulded  are  regulaily  laid  down  in  rows,  '^  straight 
and  unintem^yted  perpendiculaiiy/'  but  zigzag  transversely,  so  that  a  dia- 
gonal disposition  is  the  result.  ''  Each  pellet,  examined  separately,  is  of  a 
yellowish  or  oUve  colour,  composed  of  granules ;  the  whole  tube  is  of  a  red- 
dish-brown (XXXYI.  1  d).  After  a  certain  number  were  deposited  in  one 
part,  the  anmial  would  suddenly  turn  itself  round  in  its  case,  and  deposit 
some  in  another  pcvt."  It  seems  that  the  action  of  the  pellet-cup  is  volun- 
tary, and  not  always  coexistent  with  the  passing  of  the  ciliary  current  over 
the  chin.  The  animal  frequently  makes  abortive  efforts  to  deposit  a  pellet, 
and  sometimes  bends  forcibly  forward  to  the  edge  of  the  case  before  the  pellet 
is  half  formed.  Coloured  particles  in  the  water  are  hurled  round  the  margin 
of  the  ciliated  disk  until  they  pass  off  in  front  through  the  great  sinus  be- 
tween the  large  petab;  and  the  atoms,  if  few,  glide  along  the  facial  surfiice, 
following  the  irregularities  of  the  outHne  with  great  precision,  and,  <i<Mibing 
round  the  projecting  chin,  lodge  themselves  one  after  another  in  the  little 
cup-like  rec^tade  beneath,  in  which  they  are  whorled  round  with  great 
rapidity,  and  prepared  into  pellets  for  the  construction  of  the  case.  On  mix- 
ing carmine  with  the  water,  the  torrent  that  poured  off  in  front  and  the  ap- 
pearance of  a  rich  crimson  pellet  in  the  cup  were  instantaneous.  A  large 
animal  which  had  its  case  accidentally  slit  for  some  distance,  watched  for 
several  days,  was  seen  to  make  pellets  frequently ;  yet  it  never  deposited  them 
nor  attempted  to  ccmstruct  a  new  case,  but  let  the  pellets  float  away." 

Such  is  a  resumS  of  Mr.  Gosse's  interesting  observations.  Prof.  Williamson 
adds  that,  whefa  the  animal  is  not  engaged  in  its  architectural  occupations, 
the  sac  (pellet-cup)  becomes  so  contracted  as  to  be  almost  invisible. 

In  connection  with  this  subject  of  secretion,  must  be  mentioned  the  views 
of  Leydig  respecting  the  accumulation  of  granules  or  crystalline  particles 
seen  in  many  embryonic  and  young  Botatoria,  enclosed  in  a  sac  contiguous 
to  the  cloaca  (XXXYII.  4 ;  XXXVIII.  7,  8).  Ehrenberg  remarked  these 
granular  heaps  in  AKorocodon,  Lacimdaria,  Stephanoeeros,  Flotmlaria  omata^ 
EnUrcpUa,  and  in  Notommata  grantUaris,  and  called  them  at  one  time  '<  a 
daris  glandular  body  or  speck,"  at  another  **  a  single  glandular  organ  "  having 
no  evident  function.  Weisse  represented  them  to  be  unoonsumed  and 
still-remaining  yelk-substance,  and  supposed  the  animals  presenting  such 
granular  masses  ''  premature  "  or  ^^  aborted."    Williamson  noticed  fdmilar 
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masses  in  MeUeertay  and  found  that  they  disappeared  soon  after  the  joimg 
animal  escaped  from  the  ovnm. 

Leydig's  oonclosiony  from  optical  and  chemical  qualities  of  the  granules,  ii 
that  they  are  nrinaiy  or  niic  concretions,  and  that  the  dear  space  oontainiug 
them  is  formed  by  the  end  of  the  intestinal  canal,  or  by  liie  doaca.  To 
elucidate  this  view,  an  analogy  is  pointed  out  in  the  case  of  those  insects 
which  undei^  complete  metamorphosis,  in  whidi  solid  uhnary  concretions 
accumulate  in  the  rectum  during  the  pupa-state,  but  are  evacuated  when  the 
insect  emerges  from  that  torpid  condition. 

The  actual  secreting  organ  of  these  urinary  concretions,  or  in  other  wcods 
the  kidney,  must,  says  Leydig,  be  sought  for  in  the  cells  of  the  intestiiial 
wall,  which  stand  out  in  a  knob-like  matter.  Ehrmiberg's  account  of  the 
''  dark  bodies  "  about  the  rectum  of  Enteroplea,  and  of  NotomnuUa  granularis, 
fetYours  this  opinion ;  and  the  granular  heap  near  the  termination  of  the 
intestine  of  tiie  larva  of  Cyclops  may  be  adduced  as  another  allied  fisu^t  in 
illustration  of  the  nature  of  tiie  bodies  in  question.  Vc^  however,  is  opposed 
to  this  presumed  analogy,  and  states  that  this  peculiar  collection  in  the  dooca 
of  embryo  Oy elopes  is  originally  produced  of  a  green  colour,  within  a  sac  on 
each  side  of  the  intestine,  and  when  subsequentiy  dischaigod  into  the  doaoa, 
is  of  a  yellow  hue»  These  sacs  therefore  have,  in  his  estimation,  rather  the 
signification  of  a  liver  than  a  kidney.  The  like  structures  are  common  enough 
in  Vermes.  Excepting  therefore,  Le3rdig  cont^ids,  male  Botifers,  uiinaiy 
concretions  occur  only  in  the  embryo  and  in  the  first  period  after  birth,  and 
the  existence  of  a  primordial  kidney  must  be  admitted  as  a  &0t.  Ckdin  has 
come  forward  to  oppose  these  views  of  Leydig,  and  8a3rs  that  this  whole  hy- 
pothesis falls  with  the  proof  that  in  EnkeropUa  the  veside  with  the  daik 
granules  stands  in  no  sort  of  connexion  with  the  intestine,  nor,  indeed,  can 
do  so,  as  no  intestine  exists,  and  it  is  rather  firmly  adherent  to  the  outer  waU 
of  the  testis.  To  this  adverse  opinion  Leydig  rejoins  (Kiiller's  Aarehivy  1857, 
p.  404,  and  A.  N.  H.  1857,  xx.  p.  296)  that  Cohn's  "  undoubted  proof"  is 
itself  an  error ;  '^  for  the  dear  space  containing  the  dark  granules  is  not  ad- 
herent to  the  true  wall  of  the  testis,  but  to  that  outer  envelope  which  rqure- 
sents  the  rudimentary  stomach  and  intestine ;  or,  more  properly  speaking,  the 
clear  space  endosing  the  concretion  belongs  to  tiie  abortive  alimentary  cand 
itself,  which  extends  from  the  notch  of  the  rotary  organ  to  the  doacal  open- 
ing, so  that  Enteroplea  displays  the  same  characters  as  the  other  Botatoria, 
al&ough  this  is  in  complete  opposition  to  the  description  given  by  Gohn.  My 
opinion,  that  the  granules  in  question  are  uric  coneretiens,  is,  of  courBe,  no 
more  strongly  supported  by  liie  position  of  matters  detected  in  Enteroplea 
than  before ;  but  the  objection  nosed  by  Cohn  appears  to  be  removed.  The 
opinion  first  put  forward  by  Weisse,  which  is  also  favoured  by  C!ohn,  that  the 
granules  are  the  remains  of  unused  ydk-masses,  I  must  reject,  without  taking 
other  reasons  into  account,  if  only  because  the  vitelline  dements  and  the 
granules  in  question  have  no  resemblance  to  each  other,  but  are  perfectly 
different  things." 

Several  aul^rs  have  suggested  that  the  vascular  apparatus  to  be  deeeiibed 
as  a  respiratory  organ  in  the  following  chapter  has  also  in  part^  or  erven 
principally,  the  function  of  a  kidney  or  excretory  organ.  These  views  can 
be  best  propounded  after  the  apparatus  in  question  has  been  described. 

The  Vasctjlae  Aim  Rbspibatokt  Ststbms  (XXXVUL  26  «,  t,  Z ;  XL.  1 »,  5). 
— ^The  existence  of  yessels  subservient  to  the  circulation  of  a  fiuid  analogous 
to  blood  was  surmised  by  Ehrenberg.  Among  such  assumed  structures  vrare 
the  transverse  cords  to  which  the  semblance  of  articulation  is  often  due, 
as  well  as  other  similar  bands  now  proved  to  be  muscular  fibres  of  oon- 
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neetive  tissue.  Por  instanoe,  the  intereurrent  :fibre8  aboat  the  head  and  neok 
of  the  Rotatoria,  and  the  interlacing  cords  passing  forward  to  the  lobes  of 
the  rotary  osgan,  and  backward  to  ^e  maxillary  head,  were  reckoned  parts 
of  the  yasonlar  system. 

The  purpose  of  a  cirenlatory  system  is  to  convey  the  blood  (the  natritive, 
reparatire  fluid)  within  the  reach  of  every  tissue  and  oigan,  so  that  all  its 
ptfts  may  be  renovated,  and  their  effBte,  worn-out  particles  removed.  The 
nacesstty  for  such  a  contrivance  is  at  once  intelligible  in  large  animals,  where 
the  parts  have  considerable  sice  and  thickness,  and  are  pretty  closely  packed 
wiflun  the  limits  of  the  body ;  but  in  the  case  of  the  Botifers,  the  proto* 
plasmic  fluid  fills  up  all  the  large  space  within  the  body  unoccupied  by  the 
riseera,  and  is  in  immediate  contact  with  them,  whilst  none  of  them  have 
sodi  a  density  or  thickness  as  to  preclude  their  being  readily  permeated  by 
it  The  result  of  digestion  within  the  alimentary  canal  is  the  production  of 
a  nutritive  juice  or  chyle,  which  apparently  passes  by  exosmosis  through  the 
wiDs  of  the  canal  into  the  general  cavity  of  the  body,  mixing  there  wi&  that 
thready  existing,  and  is  the  representative  of  the  blood  of  higher  animals. 
But,  in  addition  to  this,  a  constant  renovation  of  the  chyliferous  liquid  of  the 
body,  by  water  taken  in  from  without,  i^pears  to  be  necessary. 

Ehrenbeig  witnessed  a  periodical  transparency  in  the  body,  with  an  alter- 
nating disteoflion  and  oollapee  occurring  regularly  in  almost  all  Botatoria. 
During  distension,  the  outline  of  all  the  viscera  seemed  clearer,  whilst,  upon 
the  cdlapse,  the  organs  approximated  their  limits,  became  less  defined  and 
somewhat  coiifiised,  and  the  integument  crumpled.  These  movements  he  attri- 
buted to  the  alternate  entrance  and  exit  of  water  from  without,  through  the 
medium  of  ihe  supposed  siphon  tube  on  the  head,  or  of  openings  upon  other 
parts  of  the  body.  It  has,  however,  been  shown  that  the  siphon  and  apparent 
openings  have  no  external  communication ;  we  must  consequently  believe,  with 
Leydig,  tiiat  the  imbibition  and  exudation  must  be,  in  great  measure,  the 
remit  of  endosmotio  action, — ^not  forgetting,  however,  the  influence  which  is 
aeoeeaaiily  exerted  on  the  alternate  movements  in  question  by  the  action  of 
the  respiratcny  apparatus  to  be  pree^itly  described. 

Lsy&g  reniarks  that  <<  the  mingling  of  the  sanguineous  fluid  with  water 
from  wiUiout  seems,  at  first  sight,  extraordinary ;  it  is,  however,  a  fiict  in 
physiology,  founded  on  direct  observation,  Yan  Beneden  having  detected  it 
in  marine  MoUmsea,  myself  in  Pahidina  vivipara,  and,  more  recently,  Gegen- 
banr  in  Heteropoda  and  Pteropoda,*'  The  nutritive  or  sanguineous  fluid  of 
the  Botatoria  is,  as  a  rule,  dear  and  colourless,  but  in  some  species  it  has  a 
red  or  ydlowish  hue,  e.  g,  in  Notommata  emtrura,  Synehasta^  and  Polyarlhra ; 
it  is,  moreover,  usually  destitute  of  distinct  floating  particles  or  elements  : 
ezeeptioos  ooour  in  Eosplwra  Na^,  EuManiif  and  a  few  others,  in  which 
mall  dear  corpuscles  move  about  in  it  just  as  in  the  blood  of  Annelida.  **  Such 
gcnmne  elMnents,"  continues  Leydig, "  of  the  circulating  fluid  must,  however, 
not  be  confounded  with  the  minute  particles  which  at  times  detach  Uiemselves 
from  the  tassoes  within  the  body  and  float  about  in  the  liquid.  8uch  false 
eofposdes  are  not  uncommon  in  ^^t^itha^Ih  which  have  been  partially  crushed 
or  1^  dry  by  evi^ration ;  those  noticed  by  Ehrenberg  in  Hydatina  senta 
were,  in  all  probability,  of  this  accidental  kind." 

Br.  Dobie  has  recorded  an  observation  of  seemingly  genuine  moving  cor- 
posdfis,  which  desires  a  place  here.  He  found,  *'  immediately  below  the 
integument  of  FlosmUma  eamutay  groups  and  lines  of  veiy  small  granules 
eontinually  in  a  state  of  rapid  molecular  motion,  in  appearance  exactly  resem- 
bfing  the  molecules  in  the  cusps  of  Cloikrkm.  Besides  the  molecular,  they 
tie  subjeet  to  another  motion ;  fwr  occasionally  they  move  from  one  part  of 
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the  surface  to  another,  in  corrents  not  very  distinct  or  pendstent^  and  in  no 
definite  direction.  He  has  seen  them  running  in  lines  down  the  tail,  and 
collecting  in  groups.  This  flowing  movement  occurs  chiefly  during  the  con- 
tractions and  relaxations  of  the  entire  animaL  He  thinks  it  probable  ^t 
these  granules  are  connected  with  the  nutrition  of  the  animal,  and  analogous 
to  the  free  floating  corpuscles  of  the  Tardtgrada,  described  by  IL  Doy^re.'' 

In  his  recent  paper  (Miiller's  ArMv,  1867,  p.  404),  Leydig  notes  that 
when  individuals  of  Hydatina  senta  have  been  plentiftdly  fed  with  Euglemi 
viridis,  the  fluid  (blood)  whidi  fills  their  abdominal  cavity,  contains  numerous 
dear  globules,  or  blood-corpusdes,  of  a  roundish  form  and  unequal  size.  We 
would  rather  compare  these  corpuscles  to  those  seen  in  chyle  during  the 
process  of  digestion,  as  more  strictly  homologous  with  them  than  with  blood- 
disks.  Although  no  true  vascular  system  is  discoverable  in  the  Botatoria, 
there  is,  nevertheless,  a  tubular  apparatus  readily  seen  in  most  aniTnals  of  the 
dass  (XXXVI.  6  aa,  9m  5  XXXVII.  29  d,  32  ef;  XXXVIH.  5dd,25  ef, 
26e%l, 27 g).  It  has  the  form  of  an  apparent  band,  extends  upwards  from 
the  doaca,  or  near  to  it,  on  each  side  of  the  body ;  and  within  this  a  oord  or 
vessd  is  visible,  more  or  less  coiled  or  convoluted  in  its  course,  ftom  whidi 
small  vibrating  oi^ans,  often  pear-shaped,  and  likened  by  Ehrenberg  to 
written  notes  of  music,  project  towards  tiie  cavity  of  the  body.  These  vessels 
may  possibly  communicate  by  one  or  more  transverse  vessels  running  across 
the  neck  of  the  animal ;  whilst  below,  they  end  either  in  a  veside  endowed 
with  an  active  power  of  contractility  or  immediately  in  the  doaca  itsolfl 

Now  it  happens  that  the  mechanism  of  this  organisation,  as  well  as  its 
functions  and  relations  to  the  other  parts  of  the  body,  have  been  so  variously 
described  by  different  writers,  that  it  is  difficult  to  draw  up  any  satisfiictory 
general  account  of  it ;  we  shall  therefore  be  compelled  chiefly  to  confine 
oursdves  to  the  reproduction  of  the  several  statements  as  presented  by  their 
authors  respecting  the  side  bands  and  the  contractile  vedde.  Ehraibeig 
adopted  the  curious  notion  that  they  were  parts  of  the  sexual  oiganizatiaiL 
The  side  bands  with  their  coiled  canal  he  represented  to  be  the  testes,  and 
the  contractile  vedde  a  sperm-sac  (seminal  vedde).  The  inconsisteney  of 
this  notion  with  all  our  Imowledge  of  animal  structure  and  fonctions,  has 
struck  every  observer.  To  adduce  but  one  counterargument : — the  constant 
discharge  of  spermatic  fluid  in  a  profuse  quantity,  and  in  no  relation  with  the 
number  of  eg^  contained  within  the  ovary,  is  an  idea  which  is  per  s€  at  vari- 
ance with  all  analogy,  and  directly  opposed  by  the  fact  that  the  apparatus  is 
in  fhll  activity  even  when  the  embryo  is  still  unhatched  within  tiie  body  of 
its  parent, — and  entirely  negatived,  at  least  in  several  instances,  by  the  disco- 
very of  distinct  male  beings.  

Again,  Ehrenberg  called  the  tremulous  tags  (XXXvlll.  26  e)  gills  or  gill- 
like  oigans,  and  therein  recognizee  them  as  parte  of  a  respiratoxy  system.  He 
thus  rdSers  to  them : — "  Oval,  tremulous  bodies  are  in  some  species  observed 
attached  to  a  free  filament-like  tube  generally  placed  longitudinally  within 
the  body ;  in  some  instances  they  are  attached  to  the  two  sexual  glands  (i.  e. 
the  fflde  bands),  as  in  HydaHna.  Their  function  is  respiratory,  and  Ihey  are 
analogous  to  giUs ;  the  tremulous  motion  observable  is  that  of  the  laminc 
composing  them.  The  reception  of  water  within  the  body  for  these  giDs  to 
act  upon,  is  provided  for  by  one  or  more  openings  at  the  anterior  part  of  the 
body,  or  in  some  spedes  by  spur-like  processes  or  tub^  (dphons)/* 

llie  erroneous  belief  that  the  dphon-like  antennaa  (XXX  V  JUL.  17  d; 
XXXYin.  27  e)  and  the  cuticular  fossae  were  channels  for  the  admission  of 
water  into  the  body  was  countenanced  by  Siebold,  who  explained  the  reepi- 
ratory  act  to  consist  in  the  entrance  of  water,  by  the  supposed  apertures,  firom 


Digitized  by  VjOOQ IC 


or  THS  BOTATOBIA.  429 

wiihoat  into  the  g^ieral  cavity  of  the  body,  its  percolation  thiongh  ''  short 
lateral  vesaels  "  (the  oscillatory  tags)  into  tlie  winding  canal  of  &e  lateral 
band  of  each  side,  and  its  passage  thence  into  the  contractQe  vesiole,  by  which 
it  is  pnmped  out  through  ihe  doaca.  This  process  Biebold  designated  a  water- 
circnlating  system. 

Mr.  Dalryinple,  in  his  excellent  description  of  a  supposed  new  Notammata 
(the  Atplanehna  BrightweUii  of  Gosse),  differs  from  Siebold  in  the  acconnt 
of  the  respiratory  apparatus  in  several  particulars.  He  says — <'  This  pecu- 
liar organ  consists  in  a  double  series  of  transparent  filamento  (for  there  is  no 
proof  of  l^eir  being  tubes  or  vessels),  arranged,  from  above  downwards,  in 
curved  or  semicircular  form,  symmetrical  when  viewed  in  front  (XXXYI. 
6  a  a).  These  filaments,  above  and  below,  are  interlaced,  loop-like,  while 
another  fine  filament  passes  in  a  straight  line  like  the  chord  of  an  arc,  uniting 
the  two  looped  extremities.  To  this  delicate  filament  are  attached  little  tags 
or  iqypendioes,  whose  free  extremities  are  directed  towards  the  interior  of  the 
animal,  and  are  effected  by  a  tremulous,  apparently  spiral  motion,  like  the 
threads  of  a  screw.  This  is  undoubtedly  due  to  dlia  arranged  round  these 
minute  appendices.  The  tags  are  from  eight  to  twelve,  or  even  twenty,  in 
number,  varying  in  different  specimens  (XXXYI.  6). 

^  I  believe  the  organ  in  question  to  be  a  peculiar  circulatory  system.  The 
body  of  the  animal  is  filled  with  fiuid,  most  probably  analogous  to  blood, 
while  the  ciliated  tags,  in  perpetual  motion,  must  produce  currents  in  tiiis 
fluid,  and  probably  in  a  uniform  and  determinate  direction.  In  this  way  the 
nutrient  plasma  will  be  brought  regularly  in  contact  with  all  parts  of  the 
bo^,  and  the  process  of  nutrition  go  on  as  in  insects,  without  i^e  interven- 
tkm  of  tubular  vessels, — ^the  dorsal  heart  in  them  serving  only  to  give  direc* 
tion  and  circulation  to  the  blood.  I  am  the  more  improved  with  this  behef, 
since  these  filamentous  organs  are  in  close  approximation  with  i^e  large  con- 
tractile sac,  which  probably  performs  a  respiratory  function.'^ 

Moreover  Mr.  Balrymple  does  not  believe  in  any  communication  between 
the  sac  and  the  apparatus  furnished  with  the  ciliated  tags,  as  Siebold  supposes ; 
on  the  contrary,  he  represents  the  sac  to  communicate  directly  with  the  ex- 
terior. He  writes — ^'^This  sac,  spherical  when  distended,  is  placed  just 
above  the  ovisac,  and  communicates  with  the  vaginal  canal.  It  is  ex- 
ceedingly delicate,  and  may  be  seen  to  contract,  by  the  action  of  muscular 
fibres,  with  great  rapidity,  in  which  act  it  is  thrown  into  numerous  r^^ular 
folds  or  pouches,  and  in  that  condition  appears  not  very  dissimilar  to  the 

large  cdlular  lungs  of  Batrachia The  explanation  which  I  venture  to  give 

is,  that  this  sac  draws  in  water  and  expels  it  again  by  the  vaginal  orifice ; 
and  it  is  by  bringing  the  blood,  by  means  of  the  ciliary  movements  of  the 
tags,  into  immediate  contact  (the  dehcate  membranous  wall  of  the  sac  in- 
tervening) with  the  air  of  the  water,  that  aeration  or  respiration  is  per- 
^rmed.    An  analogous  contractile  sac  may  be  seen  in  BoHfer  vulgaris.** 

Lastly,  the  author  adds  that  he  is  convinced,  from  repeated  observation, 
that  the  oontractQe  sac  has  no  relation  with  the  generative  fdnction,  and 
that  **  the  supposed  vascular  ramifications  upon  it  are  neither  more  nor  less 
than  the  muscular  fibrillse  by  which  the  contractions  are  effected." 

POTty  coincides  with  the  explanation  offered  by  Balrymple,  and  reproduces 
it  in  his  work.  Mr.  Qosse  presents,  in  his  notice  of  AjBtplanchna  priodonta, 
the  following  description  of  the  mechanism  in  question : — "  On  the  upper 
side  of  the  oviduct  sits  a  contractile  bladder,  which,  when  fuU,  is  perfedJy 
lobular  and  small,  being  scarcely,  if  at  all,  larger  than  the  two  pancreatic 
^ds  put  together.  Round  this,  attached  at  or  near  its  base,  passes  on  each 
side  a  tortuous  thread,  apparently  glanduktr,  which  goes  up  along  each  side 
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ventral  region,  and  is  attached  to  the  head-man  behind  the  jaw- 
Q.  The  middle  part  of  each  thread  Ib  wrinkled  into  a  large  plexus  of 
r  five  pairs  of  doublings,  laid  with  some  regularity ;  on  this  plexus  are 
four  tremulous  tags,  directed  inwards,  maJking  eight  in  all.  None  are 
on  any  other  part  of  the  threads.  The  presence  of  these  organs,  as 
s  of  the  contractile  bladder,  in  the  female,  shows  that  these  are  not  oon- 
with  impregnation. 

m,  the  above  extract  it  appears  that  Mr.  Gosse  believes  that  ihe 
LOUS  threads  "  of  the  apparatus  have  a  glandular  o£Gioe ;  and  though  he 
countenances  the  hypothesis  of  Ehrenbeig,  nevertheless  pronounces 
t  their  sexual  nature. 

ardin  expresses  an  opinion  that  the  contractile  vesicle  is  a  respiratoiy 
and  that  the  water  freely  penetrates  into  the  interior  of  the  body  to 
the  vibratile  organs,  as  the  variability  of  volume  of  the  animals  proves. 
dig  has  very  elaborately  described  the  structures  in  question,  and  their 
L  modifications.  We  feel  justified  in  submitting  an  analysis  of  his 
^es,  even  at  the  risk  of  some  repetition : — 

le  canal  of  the  respiratory  apparatus  extends  along  each  aide  of  the  body, 
dly  there  is  a  single  canal  on  each  side,  much  contorted  in  its  course, 
arming  actual  coils  or  plexuses,  e.  g.  in  Stephanoeeras,  Bmchiotuxa, 
Uaria,  EuManidota,  and  many  NotommatcB.  Two.  canals,  which 
ie  at  either  end,  are  seen  in  Notommata  Myrtneleo,  N,  Sieholdii,  N. 
?,  N.  clavulata,  and  N,  Angliccu  The  canals  have  a  thick  cellular  wall, 
eir  cavity  is  dear  and  well  defined.  They  are  not  solid  oords,  as  Perty 
tiers  affirm.  The  cellular  walls  may  be  much  thickened,  and  contain, 
}  the  usual  fine  granular  contents,  many  M-particles,  as  seen  in  8U- 
^ero8,  Notommata  eentntra,  and  in  Lacintdaria.  In  the  fiist-named, 
f  the  deposit  of  fat  is  so  great  that  the  coils  of  the  resjoratory  canal 
le  head  rather  resemble  a  collection  of  fat- vesicles  (XXXYU.  1  t).  I 
ot  been  able  to  discover  any  anastomoses  between  the  canals  of  opposite 
IS  Huxley  r^resents  in  Lacintdaria.^' 

aany  Rotatoria,  particularly  in  small  species,  such  details  of  structure 
our  powers  of  observation,  and  the  cancds  described  are  invisible,  as,  for 
le,  in  Floscularia,  Polyarthra,  oadAscomofjiha;  a  more  dose  and  search- 
[uiry  may,  however,  reveal  them,  particularly  where  the  contractile  sac 
Ltsdf.  Indeed,  Perty  has  detected  the  tubes  in  Ascomarpha  Helvetica, 
le  vibratile  or  ciliated  tags  are  processes  of  the  respiratory  canal  (^KL. 
hey  are  constructed  after  two  types,  which  do  not  concur  in  the  same 
,  but  are  found  as  peculiarities  of  different  genera.  In  one  type  the 
I  is  of  equal  width  and  cylindrical  throughout,  as  in  Notommata 
leo  (XXX  V 11.  29  0,  32  A:) ;  in  the  other,  the  exi^mities  are  dilated 
rumpet-shi^ed  figure  assumed,  as  in  Notommata  centrwra  (XXXVIII. 
EuManis  triqueira,  and  in  Eotphora  Najaa. 

Laeinularia  1  have  been  unable  to  satisfy  myself  if  these  processes  of 
piratory  canal  discharge  themselves  freely  into  the  abdominal  cavity. 
r  states  that  they  have  blind  extremities ;  but  I  regard  it  as  still  an 
aestion,  for  in  other  species,  for  example  in  Notommata  Sieboldii  and 
mruy  it  can  be  most  satisfectorily  made  out  that  they  open  freely  into 
ity  of  the  body. 

bratile  hairs  (cilia)  project  fit)m  their  fi-ee  end  and  in  the  trumpet- 
processes  ;  the  direction  of  the  ciliary  motion  is  evidently  inward, 
e  number  of  the  vibratile  organs  varies  much  in  different  spedes : 
there  are  but  from  4  to  8  or  10,  distributed  at  unequal  distances  along 
ipiratoiy  tube ;  but  in  some  animals,  e,  g,  in  Notommata  Copeus,  N 
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Sfprmxj  N.  SMoldii,  N.  Anglua,  N.  elavulaia^  and  in  N.  MyrmdeOy  the 
number  is  greatly  augmented,  and  from  30  to  50  tags  may  be  counted.  When 
tkas  mnltiplied,  they  are  lor  the  most  part  appended  to  a  clear  canal  of  little 
width  and  thickness,  rather  than  to  one  with  thick  cellnlar  walls.  (The  tags 
are  mostly  more  numerous  on  one  side  than  on  the  other.) 

**  The  posterior  extremities  of  tiie  respiratory  canals  either  open  at  once 
into  the  doaca,  as  in  Tyhvoolarta^  or  more  commonly  expand  to  form  the 
contractile  sac,  the  respiratoxy  vesicle  (XXXYIU.  2Q  i), 

**  At  the  first  appearanoe  of  the  respiratory  yeside,  it  is  of  insignificant  size, 
and  dearly  a  dilated  state  of  the  umted  ends  of  the  two  respiratory  canals. 
It  10  then  little  or  not  at  aU  contractile.  This  condition  is  illustrated  in 
LadmUaria  and  8tephanoeero9.  **  It  generally,  however,  exists  as  a  consider-* 
able  and  actively  contractile  sac  opening  into  the  cloaca.  Its  walls  are  very 
thm,  and  covered  with  a  fine  muscular  network,  discoverable  in  most  species, 
and  imagined  by  Ehrcnbeig  to  be  vascular.  The  openings  of  the  respiratory 
canals  into  this  sac  are  readily  perceived  by  a  proper  adjustment  of  the  focus 
of  the  mioroscope." 

From  this  oi^anization,  Leydig  concludes  that  a  portion  of  the  water  sur- 
rounding the  animal  enters  by  endasmosis,  or  possibly  by  minute  orifices 
hitherto  unperceived,  within  the  cavity  of  the  body,  and  there  mixes  with 
the  notritive  juices,  the  analogue  of  the  blood  of  higher  beings.  The  simple 
act  of  respiration  is  consequently  limited  to  the  imbibition  and  the  intermix- 
tore  of  fresh  water  with  the  blood.  Further,  it  would  appear  that  the  waste 
material  is  dischaiged  through  the  vibratile  processes,  which  by  their  ciliated 
appendages  direct  the  fluid  into  the  respiratory  canals,  from  which  it  escapes 
etiher  first  into  the  contractile  sac,  and  thence  into  the  cloaca,  or  at  once  into 
the  latter. 

Here  the  question  of  a  glandular,  a  renal  function  performed  by  the  re- 
^iratory  tubes  meets  us ;  but  it  will  be  more  convenient  to  defer  its  consi- 
deration until  we  have  set  forth  the  researches  of  Mr.  Huxley,  who  differs  in 
not  a  few  detailB  from  Leydig : — ^we  must  premise  that  they  apply  specially 
to  the  Lacimularia  BoetdUs^  to  which,  among  other  peculiarities,  he  assigns  the 
aheenoe  of  a  contractile  sac,  although  Leydig  affirms  a  very  small  one  to 


Prof.  Huxley  acquaints  us  that  the  opinion  of  Oscar  Schmidt  is,  '^  that  the 
ends  of  the  w^sr- vessels  are  dosed,  and  that  the  vibrating  body  is  within 
them."  And  he  goes  on  to  say — ''  There  is  no  contractile  sac  opening  into 
the  cloaca  as  in  other  genera ;  but  two  veiy  delicate  veasels  about  ^^^  of 
an  iaeh  in  diameter,  clear  and  colourless,  arise  by  a  common  origin  upon  the 
donal  aide  ci  the  intestine.  Whether  they  open  into  this,  or  have  a  distinct 
external  duct,  I  cannot  say. 

'^  The  vessek  separate;  and  one  runs  up  on  each  side  of  the  body  towards 
its  oxai  side.  Arrived  at  the  level  of  the  pharyngeal  bulb,  each  vessel  divides 
into  three  branches :  one  passes  over  the  pharynx  and  in  front  of  the  pha- 
ryngeal bolb,  and  unites  with  its  fellow  of  the  opposite  side,  while  the  other 
two  pass,  one  inwards  and  the  other  outwards,  in  the  space  between  the  two 
layers  of  the  trochal  disk,  and  there  terminate  as  cseca.  Besides  these,  there 
sometimes  seemed  to  be  another  branch  just  below  the  pancreatic  sacs. 

**  A  vibratile  body  was  contained  in  each  of  the  caecal  branches ;  and  there 
was  one  on  each  side  in  the  transverse  connecting  branch.  Two  or  more 
were  contained  in  each  lateral  main  trunk,  one  opposite  the  pancreatic  sacs, 
tad  one  lower  down,  malring  in  all  five  on  each  side.  Each  of  these  bodies 
was  a  long  eiliom  (^^W*^  ^^  ^^  mx^)  attached  by  one  extremity  to  the  side 
of  the  vessel,  and  by  the  other  vibrating  with  a  quick  undulatory  motion  in 
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its  cavity.  Ab  Siebdd  remarics,  it  gives  rise  to  an  iq[ipearaiice  smgulariylike 
that  of  a  flickering  flame. 

**  I  particnlariy  endeavoured  to  find  any  i^ypeanmce  of  an  opening  near  tlie 
vibratUe  cilium,  bat  never  soeeeededy  and  several  times  I  thou^^t  I  coold 
distinctly  observe  that  no  such  apertore  existed.  Anlmitlg  that  have  been 
kept  for  some  days  in  a  limited  amonnt  of  water  are  espeGiaUy  fit  for  these 
researches.  They  seem  to  become  in  a  manner  dropsical ;  and  the  water- 
vessels  partake  in  the  general  dilatation. 

**  The  band  which  accompanies  the  vessel  appeared  to  me  to  consist  merdy 
of  contractile  substance  (connecting-tiasae),  and  to  serve  as  a  mechanical 
support  to  the  vessel.  It  terminates  above  in  a  mass  of  similar  substance 
containing  vacuola  attached  to  the  upper  plate  of  the  trochal  disk." 

This  account  differs  from  that  of  Leydig  chiefly  in  the  denial  of  the  patent 
condition  of  the  tree  ends  of  the  vibratile  tags,  and  consequ^itly  of  the  en- 
trance of  the  fluid  from  the  cavity  of  the  body  through  them  into  the  lateral 
vesseL  It  also  casts  doubt  upon  coils  of  the  water- vessel  in  the  neck,  and 
upon  the  presence  of  a  small  non-contractile  sac  at  the  inferior  termination 
of  the  lateral  vessels,  whilst,  on  the  other  hand,  it  represents  anastcmiosing 
branches  between  the  vessels  of  opposite  sides  in  the  neck.  Mr.  Huxle/s 
description  therefore  appears  rather  to  favour  Mr.  Dahymple's  hypothesis 
as  to  the  contractile  vesicle,  whilst,  with  respect  to  the  lateral  canals,  it  is 
suggestive  of  a  glandular  excretory  ftinction. 

Dr.  Carpenter  adopts  Prof.  Huxley's  description  of  the  tags,  and  of  the 
inosculating  vessels  in  the  neck. 

Cohn,  in  his  account  of  Eydaiina  senta  (Zeitschr,  /.  ZooL  1855,  p.  444), 
describes  two  tubes  as  springing  from  the  thick-walled,  muscular  contractile 
sac,  lying  on  the  abdominal  surface  of  the  animal,  immediately  subjacent  to 
the  skin,  and  communicating  with  the  cloaca.  These  tubes  axe  "  respiratoiy 
canals ;  "  they  have  a  finely  granular  wall,  and  advance  with  more  or  fewer 
curvatures  and  coUs  towards  the  head,  where  they  appear  to  end  in  straight, 
blind,  pointed  ends  or  in  loops,  which  attach  themselves  to  the  skin  of  the 
rotary  orgui.  The  ''tags,"  four  on  either  side,  afiixed  to  the  canal  are 
triangular  in  one  aspect,  and  shortly  cylindrical  in  another,  and  supported 
on  short  pedicles,  through  which  their  cavity  becomes  continuous  witii  the 
interior  of  the  canals.  The  different  figure  of  the  tags  from  different  points 
of  view  has  given  rise  to  the  error  of  their  being  of  two  sorts — cylindrical 
and  triangular.  In  Brachionus  militaris  the  contractile  vesicle  is  remaikable 
on  account  of  its  very  lai^  dimensions.  It  occupies  as  much  as  two-thirds 
of  the  abdominal  cavity,  and  is  composed  of  two  chambers,  of  which  the 
posterior  is  the  larger.  The  diastole  and  systole  of  <^e  two  chambers  are 
alternate ;  the  posterior  opens  into  the  cloaca,  through  a  small  duct.  That 
there  is  a  direct  communication  between  the  contractile  sac  and  the  cloaca, 
Cohn  decisively  proved  by  mingling  colouring  matter  in  the  water,  and  wit- 
nessing a  current  inwards  during  each  dilatation,  and  one  outwards  on  eadi 
act  of  contraction,  alternately — an  experiment  sufficiently  conclusive  of  the 
respiratory  nature  of  the  sac. 

The  mechanism  under  consideration  appears,  as  Leydig  also  remarks,  to  be 
occasionally  absent — or  perhaps  only  imperceptible.  Jh.  Dobie  states  that 
in  Floseidaria  "  no  trace  of  a  vascular  system  can  be  observed.  The  tremuloos 
gill-like  organs  found  in  some  Rotifers  are  here  absent."  After  his  complete 
examination  of  Melieerta  ringens,  Prof.  Williamson  says — ''  I  have  found  no 
special  organs  of  circulation  or  respiration ....  I  detect  no  vessels  or  pulsating 
organs."  Nevertheless  a  structure  at  least  resembling  the  vibratile  tags  was 
noticed  in  this  animal  by  Mr.  Oosse,  who  states  that  between  the  gizzard 
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"  and  Uie  base  of  the  8t(»nach  there  was  one  little  tremnloos  tag,  of  the  same 
stractnre  as  in  Noiommaia  aurita.  From  the  same  spot  also  project,  into  a 
space  of  peeoliar  deamess,  two  trumpet-shaped  bodies  of  the  greatest  deHcaoj, 
and  wi^ont  motion/'  Prof.  WilHiunson  reminds  ns,  in  a  note,  that  he  has 
described  two  tabes  springing  from  a  pyriform  organ,  apparently  hollow,  and 
located  immediatelj  below  the  stomach.  Thoogh  he  saw  no  pulsation  in  this 
organ,  it  appeared  to  be  the  homologue  of  the  oontractileyesicle  in  other  species. 
He  believes  the  two  filamentous  organs  to  be  tabular,  and  suggests  the  possi- 
bility of  their  supplying  a  spermatic  secretion,  though  he  is  not  able  to  affirm  it 
as  a  &ct.  He  moreover  observed  the  vibratile  spermatozoon-like  corpuscles 
**  in  various  parts  of  the  body,  where  they  are  apparently  enclosed  within 
hollow  canals.  I  have  never  seen  them  occupying  the  two  main  trunks  of 
the  water-vaseular  syitem,  as  ceeca,  nor  can  I  succeed  in  tracing  any  con- 
iiexion  between  them ; "  but  it  is  probable  that  they  were  really  located  in 
some  of  the  branches  of  that  system,  as  observed  by  Mr.  Huxley  in  Ladnu* 
laria. 

Hie  glandular  renal  fonction  of  the  lateral  tubes  and  appendages  has  the 
support  of  luialogy  among  other  lowly-organized  forms  allied  to  the  Eotat<Hia ; 
but  such  an  hypothesis  &lls  to  the  ground,  if,  as  Leydig  thinks,  the  urinary 
eoncretions  noticed  and  so  named  by  him  in  embryo  and  young  animals  are 
deposited  within  the  cavity  of  the  intestine,  and  not  in  the  contractile  sac. 
However,  naturalists  generally  will  certainly  not  accept  the  doubtful  disco- 
very of  the  position  and  the  interpretation  of  the  nature  of  the  particles 
tSered  by  Leydig  as  conclusive  evidence  of  the  nature  of  those  structures, 
but  win,  in  the  absence  of  direct  and  exact  observation,  be  rather  guided  by 
analogy.  We  will  therefore  append  some  extracts,  showing  the  comparative 
physiology  of  the  supposed  respiratory  mechanism. 

Leydig  writes — ^' There  is  the  greatest  similarity  between  it  and  the 
organs  in  LumbrieincB  and  HimdifuJB,  which  are  conceived  to  have  a  respira- 
tory office.  In  these  are  similar  contorted  and  coiled  tubes,  with  a  dear 
eanal  opening  either  without  an  intermediate  contractile  sac,  as  in  Olepnns, 
cat  with  one,  as  in  Nephdis.  Moreover,  the  canal  opens  by  a  wide  ciliated 
aperture  into  the  cavity  of  the  body;  and  in  this  tennination  of  the  tubes  I 
recognixe  the  homoh^^e  of  the  vibratile  tags  of  the  Rotatoria.  Moreover, 
Ihe  direction  of  the  ciliary  motion  in  the  Annelida  is  inwards  to  the  main 
canaL  In  the  Lumfmcince,  Gegenbauer  has  attributed  a  renal  fbnction  to 
the  otherwise-called  respiratory  canal." 

Br.  Carpenter  describes  a  "  water-vascular  system  **  among  all  the  vermi- 
form members  of  the  Articulata,  and  as  represented  in  its  simplest  type  in  the 
Boiifers.  **  Similar  hLterel  vessels,  often  ramifying  more  minutely  (especially 
in  the  head  and  anterior  part  of  the  body),  are  found  in  many  of  that  group  of 
vermiform  ^iTWftla  dothed  over  the  whole  sur&ce  of  their  bodies  with  dlia,  to 
which  the  designation  Turbellaria  has  been  given.''  This  writer  sunmses 
tiiat  the  water-vascular  system  may  contain  some  other  fluid  than  pure  water, 
and,  as  Y  an  Beneden  has  suggested,  may  serve  as  a  urinary  apparatus. 

Prof.  Huxley  presented  the  following  philosophical  summary  of  the  com- 
parative relations  of  the  respiratory  mechanism  of  the  Botifer ;  before  the 
British  Assodation : — ^*  In  certain  Distomata,  such  as  Aspidogaster,  there  is 
a  system  of  vessels  of  essentially  similar  character  with  that  in  Botifer ;  but 
the  prindpal  canals,  those  latend  trunks  which  come  directly  from  the  con- 
tractile vesicle,  present  regular  rhythmical  contractions.  The  smaller  branches 
are  all  richly  cfliated.  In  other  Distomata  the  lateral  trunks  appear  to  be 
converted  into  excretory  organs,  as  they  are  full  of  minute  granules :  they 
remain  eminently  contractile ;  but  their  connexion  with  the  system  of  smaller 
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ramified  yessels  ceases  to  be  easy  of  demonstratum.  They  still  fkxm  one 
system ;  but  the  cilia  are  no  longer  to  be  found  in  the  smaller  ramified  vessels. 
In  certain  Nematoidea  the  vascular  s3rBtem  is  reduced  to  a  ooufile  of  lateral 
contractile  vessels  altogether  devoid  of  cilia,  but  communicating  with  the 
exterior  by  a  small  aperture.  Now  in  all  these  oases  tiiere  is  no  doubt  the 
vascular  system  is,  physiologically,  a  respiratory  and  perhaps  a  urinary  system, 
wlule  the  common  cavity  of  the  body  represents  the  blood- vascular  system  of 
the  Mollusca  and  Articulata.  If  this  system,  then,  be  not  at  aU  homoLogoos 
with  the  blood-vascular  system  of  the  higher  Annulosa,  it  is  so  with  the 
trachesB  of  Insecta." 

We  may  repeat  here  that  the  delicate  and  ciliated  rotary  organ  must  ia 
some  measure  subserve  the  purpose  of  respiration,  after  the  manner  of  the 
gills  of  a  reptile  or  of  a  fish,  by  providing  for  the  aeration  of  the  liquids 
contained  within  it  through  the  agency  of  the  constantly  renewed  oontaot  of 
fresh  water  flowing  over  its  actively- vibratile  surface. 

OF  THE  KEBVOUS   STSTEM   AlTD   THE  OBOAKS   OF  SENSE ;     PSTCHIGiL 
Ein)0WMENT8. 

a.  Of  the  Nervous  System.  —  The  existenoe  of  a  rudimentary  nervous 
system  is  now  universally  admitted ;  but  at  the  period  when  Diyardin  wrote, 
that  talented  observer  felt  that  the  state  of  knowledge  respecting  the  Rota- 
toria was  not  sufficiently  precise  to  establish  the  existence  of  nerves  and  of 
nervous  ganglions.  His  scepticism  was,  no  doubt,  increased  by  obsorving  the 
unphilosopbical  facility  with  which  Ehrenberg  described  and  r^tteeented 
nerve-cords  and  ganglions  according  to  preconceived  notions  and  loose  aas- 
logies.  Illustrations  of  Ehrenberg's  supposed  nervous  apparatus,  and  oi  its 
modifications  of  form  in  different  animals,  are  to  be  found  in  his  deecriptiooi 
of  every  family  and  genus.  Thus  in  giving  the  characters  of  Lacmvlana^  he 
says  that  **  near  the  oesophagus  is  situated  a  nervous  mass,  the  analogue  c£ 
a  brain  divided  into  four  or  six  lobes ;  also,  as  in  Megalotroeka  (XXXII.  374), 
two  ring-like  and  radiating  masses  with  a  row  of  ganglions  lying  beneath  the 
muscles  of  the  ciliary  wreath."  In  MeUcerta,  he  sp^iks  of  a  curved  gland- 
like  band  of  nerve-matter;  in  EnUroplea,  which  has  no  eyes,  of  a  brain-bke 
knot,  sending  off  a  thick  tortuous  nerve-oord  along  the  dorsal  sarfeuoe  to  the 
second  transverse  vessel,  where  the  respiratory  opening  probably  exists;  oft 
ganglion  placed  beneath  the  eye  in  twenty-six  species  of  NoUnmnaia,  which 
in  N.  Capeus  and  N.  centrura  is  three-lobed  and  seated  above  the  maxiUaiJ 
bulb,  whilst  in  the  remainder  it  consists  of  one  or  more  nervous  gaa^ 
seated  amidst  the  muscles  of  the  ciliary  apparatus ;  and  in  Otoale$iaf  d  an 
oval  cerebral  ganglion  with  two  dark  appendages,  a  red  eye,  a  long  nerre- 
loop  in  the  neck,  with  a  prolongation  backward,  a  forked  ventral  nerve,  and 
two  ear-shaped  frontal  protuberances  bearing  two  visual  points. 

It  would  be  useless  to  multiply  these  references ;  the  general  dedootioD 
from  the  many  descriptions  of  Ehrenberg  is,  that  there  exists  a  cerefaml  or 
brain  ganglion,  which  supports  the  eyes,  and  by  its  extension  encircles  the 
CBSophagus  like  a  loop,  sending  off  nerve-cords  in  every  direction,  and  often 
complicated  by  the  presence  of  other  nerve-gan^ons  about  the  head,  seek, 
and  body.  Moreover,  the  apparent  reticulations  frequently  visible  below  the 
ciliary  wreath,  which  he  sometimes  viewed  as  a  vascular  netwodc,  he  at 
others  spoke  of  as  a  nervous  plexus. 

The  present  prevailing  opinion  is  similar  to  the  above,  viz.  that  there  exists 
a  brain  or  central  nerve-ganglion  above  the  oesophagus,  with  outgoiiig  nerre- 
fibres,  and  sometimes  accompanied  by  supplementary  ganglia  in  (^er  regions. 
Nevertheless  the  special  descriptions  or  Ehrenberg  are  not  acoq)ted;  the 
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poitkns  of  tiaeiie  fixed  an.  by  him  as  nervous  mnnww,  reoenre  in  genend  an 
entiielj  different  inteipi^ation.  Thna  in  the  case  of  Ladnuiana  the  sap- 
poeed  4-6-lobed  brain,  with  extending  nerve-fibree,  is  set  down  as  mere  0(n« 
lections  of  **  vaeoolar  thickenings^"  with  intercurrent  fibres  of  oonneetiTe 
tisBoe.  The  same  interpretation  is  extended  to  the  "  nine  pairs  of  gan^^ia, 
with  fine  interlacing  nerve  fibres/'  in  Notammata  davukUa^  and  to  Uie  four 
or  five  such  in  Diglena  lamstrU ;  jet  in  both  these  q>eoies,  the  central  or 
brain  ganglion  represented  bj  £3irenberg  is  allowed  to  retain  this  character 
\fj  Leydig,  who  sets  aside  all  the  rest  as  m jthicaL 

The  following  critique  on  ^Bbrenberg's  views  is  from  Prof.  Williamson : — 
<<  The  small  oi^gans  so  common  amongst  the  Botifera,  and  which  Ehrenberg 
regards  as  nervoos  ganglia,  are  abon^t  in  the  MeHeerta,  bat  thej  afford  na 
eoontenanoe  to  the  hjpotheeis  of  the  great  Pmsflian  Professor  (XXXVTI. 
17  h).  They  appear  to  be  nothing  more  than  small  cells,  or  vesicles,  formed 
of  grannlarviseid  protoplasm,  very  similar  to  those  into  whidi  the  yelk  of  the 
egg  becomes  divided.  Sometimes  they  float  freeljin  the  fldd  which  distends 
the  int^g^oment  and  bathes  the  viscera ;  at  others,  thin  ductile  threads  pass 
from  eiie  veside  to  another. . . .  There  is  no  uniformity  in  their  azrangement 
in  diffoent  individuals.  They  difibr  as  widely  as  posnble  in  their  sixe, 
moober,  and  distribntion.  So  far  from  being  nervous  vesioles,  they  appear 
rather  to  be  cells  modified  into  a  rudimentary  fonn  of  areolar  (connective) 
tissue.  That  they  are  hoUow  vesicles  or  cells,  very  visooos,  readily  cohering, 
and,  owing  to  this  ooheo^nce,  readily  drawn  oat  by  the  moTenients  of  the 
Taiioos  organs  to  which  they  are  attached,  are  frtets  capable  of  easy  demon-> 
stration." 

A  centralnwvoos  mass  or  brain,  immediately  tabjacent  to  the  eye-roeeks, 
and  above  the  CBSophagas  or  pharynx,  which  sends  off  nerve-fibres  in  diffarent 
directions,  is,  as  abeady  intimated,  generally  admitted  to  exist.  It  is  mea^ 
tiimed  by  Siebold,  Perty,  Gosse,  Dakymple,  Leydig,  Cohn,  and  others.  Tlie 
two  fii8t-named  aathiHs  allude  to  it  as  a  group  of  gan^ons ;  but  Leydig 
affirms  that,  although  it  may  be  lobed,  it  is  always  a  sii^^e  and  undiiTided 
organ.  Some,  again,  have  treated  of  it  as  fionning  a  loop  or  ring  around  the 
gQUet ;  but  such  a  condition  is  denied  by  Leydig,  who  states  that  it  only 
extends  itself  im  the  fbrm  of  diverging  nerves,  whidi  end  by  enlarged  extre- 
mities, and  never  form  loops,  such  as  Ehrenberg  i^apresented,  around  the 
tabular  process  or  respiratory  siphon. 

This  nervous  centre  or  brain,  supporting  the  eyes,  is  seen  in  the  families 
H^daikuBaf  EuMatddota,  and  BroMoncea.  Leydig,  however,  cannot  admit 
the  mnsDOs  supposed  to  represoit  the  cerebrum  in  the  frunilies  (EdiUna^  Mega" 
lotroiikcBa,  and  Fhseularia,  nor  the  pairs  of  nerve-Hke  ganglions  at  tiie  bas# 
of  the  trodml  disk  of  iS<^2:>%aiio0m>f,  to  have  a  cerebral  chara  hesupposes 

them  rath^  to  bC  coils  ci  the  respiratory  canal,  or  heaps  of  granules  or 
nuclei,  such  as  are  met  witii  beneath  the  cutide.'' 

Prot  Huxley  diseove»  the  nervous  oentre  under  a  peculiar  and  unusual 
usual  f<»in  in  Ifocimdaria  $ociaU$,  To  quote  his  words — ^''On  the  oral 
aide  of  the  neok  of  the  animal,  c^  rather,  upon  the  undor  surCEtoe  of 
the  troehal  disk,  just  where  it  joins  the  neck,  and  therefore  behind  and 
bebw  the  mouth,  tilieare  is  a  small  hemispherical  cavity  (about  rtj^th  of 
an  inch  in  diameter),  which  seems  to  have  a  thickened  v^all,  ana  is  richly 
ciliated  within.  Below  this  sac,  but  in  contact  with  it  by  its  upper  edge,  is 
a  bih>bed  lumiogeneous  mass  (about -g^i^  of  an  inch  in  diameter),  resembling 
in  appearance  tihe  ganglion  ci  BraMonus^  and  running  into  two  prolongations 
bdow;  bat  whether  these  w^re  continued  into  eordi,  or  not,  I  oould  not  make 

out. 
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'*  I  believe  that  this  is^  in  fact,  the  trae  nervona  eentre,  and  that  the  sac 
in  oonnexion  with  it  ia  analogoua  to  the  ciliated  pita  on  the  aidea  of  the  bead 
of  NemerHcUB,  to  the  *  ciliated  aac '  of  the  Aaddianay  which  is  aimilarlj  con- 
nected with  thdr  nervoua  centre,  and  to  the  dliated  aac  which  fonna  tbe 
dfSactoiy  organ  of  Amphioxus. 

"  Mr.  Goaae  haa  deacribed  a  aimilar  organ  in  Melieeria  ringens ;  and  I  have 
had  an  opportunity  of  verifying  hia  obaervationa,  with  the  exception  of  one 
point.  According  to  tbia  obeerver,  the  dlia  are  continuoua  from  the  trochal 
diak  into  the  cup ;  ao  far  aa  I  have  obaerved,  however — and  I  paid  particular 
attention  to  the  point, — the  dlia  of  the  cap  are  wholly  diatinct  from  thoee  of 
the  diak.  The  intereeting  obeervationa  of  i^e  aame  careful  obaerver,  npon  the 
architectural  habita  of  Melieertay  would  aeem  to  throw  a  doubt  upon  the  pro- 
priety of  ascribing  to  the  organ  in  queatiim  any  sensorial  function.  But 
however  remarkable  it  may  seem  that  an  animal  abould  build  its  house  with 
ita  noee,  we  muat  remember  that  a  aimilar  combination  of  fimctiona  ia  ob- 
viouB  enough  in  the  elephant." 

This  laat  analogy  is  assuredly  very  &r-fetched,  and  can  aerve  nothing  in 
the  argument ;  and  to  ua  it  aeema  a  much  more  reasonable  su|^>oBition  that 
the  homogeneouB  bilobed  body  below  the  ciliated  cup  ia  a  gland,  than  that  it 
b  a  brain ;  were  it  a  brain,  surely  aome  nerve-fibres  would  be  traceable  fkom 
it  into  the  interior  of  the  animal.  Of  this  body  Prof  Williamaon  says — **  I 
see  no  sufficient  reason  for  aflsigning  to  the  small  organ  nervoua  functions ;" 
and  he  further  remarks  that  '*  the  ciliated  sac  or  cup  becomes  ao  contracted  when 
the  animal  ia  not  busy  in  constructing  ita  case,  as  to  be  almost  invisible,"  which 
is  another  circumstance  discountenancing  Prof.  Huxley's  notion  of  its  par- 
pose.  Cohn  haa  no  doubt  of  the  cerebral  nature  of  the  large  aemiglobalar 
maaa,  noticed  also  by  Ehrenberg,  in  the  head  of  HydaUna  senia ;  and  he 
records  having  frequently  observed  in  its  interior  a  large,  transparent,  drcn- 
lar  vesicle  or  vacuole.  A  large  number  of  nerves  are  given  off  firom  its  an- 
terior portion ;  but  from  its  posterior,  two  thick  fibres  proceed  backwards  and 
ontwarda  to  the  apparent  oQiated  opening  on  the  surfiAce  of  the  back,  and 
constitute  a  cervical  loop.  There  is,  however,  no  actual  opening,  but  metdy 
a  dilated  fossa,  which  is  probably  a  sentient  organ.  About  the  large  cerebral 
ganglion  are  other  lobules,  also  probably  nervous,  from  which  fibres  are  given 
off  and  posmbly  fonn  a  plexna  between  the  alimentary  tube  and  ovary,  be- 
ddee  supplying  the  muscles.  Above  the  ciliated  foesa  named,  is  another  de- 
I»resdon  supplied  with  nerves ;  and,  according  to  Ehrenberg,  a  similar  one 
18  present  on  the  oppodte  dde  of  the  body. 

Various  accessory  ganglions  or  nerve-centres  have  been  repreeented  by 
authors  at  different  parts  of  the  body,  mostly  in  relation  with  some  of  the 
prindpal  organs,  thiis  arrangement  being  suggested  by  the  known  n^vous 
system  of  other  Invertebrata-— for  instance,  the  MoUusca,  which  have  usually 
a  special  ganglion  for  the  nervous  supply  of  each  prindpal  organ  of  the  body. 
Such  a  multiplication  and  disposition  of  ganglia,  Oscar  Schmidt  endeavoured 
to  demonstrate  in  Bro/ehionus  vroeolaris  and  in  Hydatina  aenUi,  His  inter- 
pretation has,  however,  not  been  accepted  by  others,  and,  generally,  the 
characteristics  of  ganglions  are  so  ill-defined,  that  the  bodies  consideied  to 
be  such  by  the  observer  are  pronounced  to  be  no  other  than  vacuolar  thick- 
enings of  connective  or  other  dissimilar  tissue  by  others. 

Perty  makes  the  statement  that  in  ffydoHna,  Syna^uria,  and  Dtglena  there 
is  a  series  of  ganglions  along  the  anterior  surface  of  the  abdomen,  with  con- 
necting nerve-fibres  between  them  and  the  brain.  A  nervous  system  of  this 
sort  belongs  to  the  higher  Crustacea ;  but  although  many  have  sought  it  in 
the  Botatoria,  Perty  is  the  only  observer  who  has  affirmed  its  existence  in  any. 
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Mr.  Dalrymj^  mflntioiia  the  presenoOy  in  bis  Notommata  €mgfioa,  of  a  anudl 
gan^on  Muding  off  nerves  to  the  stomach,  saliyary  glands,  and  orary ;  but 
Le]^^  looks  upon  this  stmctore  as  no  more  than  the  oells  and  fibres  of  oon- 
nective  tissue,  and  states  that  ''  similar  dear  cells,  of  varioos  size,  haying 
delicate  dongated  branches,  are  seen  in  Naiammaia  emUrura,  N,  MyrmeUOf 
N.  damdata,  and  in  Diglena  laeustris.  The  delicate  branches,  or  threads, 
extend  between  the  epidermis  and  the  viscera  of  the  body,  and  were  described 
by  Shrenberg  to  be  nerves,  but  are  aotoally  the  means  of  retaining  the  vis- 
cera m  sUu" — a  oondnsion  supporting  that  of  Prof.  Williamson. 

There  is,  however,  one  set  Gi  nerves  reoognixed  bj  most  observers,  which 
pfooed  firom  the  cerebral  ganglion  to  the  saiiBMe  of  the  body,  ending  at  the 
bottom  of  the  epidermic  pits  desGribed  above  (p.  403),  from  which  stiif  dlia  or 
bristles  project,  or,  otherwise,  running  to  ihe  extremity  of  the  protaberanoes 
and  antenna-like  processes,  which  are  also  armed  with  bristles.  Dalrymple 
noticed  nerves  so  distributed  in  NoUmwuUa  angliea ;  and  Leydig  has  in^cated 
the  like  in  many  species.  The  supply  of  a  nerve  to  the  so-ctdled  siphon  or 
re^viratory  tabe  imparts  to  it  the  charaeter  of  an  antenna,  tactile  organ,  or 
feeler,  ^e  evident  delicate  band  or  cord  seen  within  the  tabular  process  of 
MeUceria  is  indeed  called  by  Mr.  Williamson  a  muscular  band ;  yet  at  least 
some  portion  of  it  must  be  esteemed  a  nerve-cord,  if  the  organ  in  que6ti<m 
xeaUy  possesses  tactile  powers. 

A  similar  distribution  of  nerves  is  witnessed  in  the  TurbeDaria,  and,  as 
Leydig  says,  among  the  Phyllopoda  and  Arthropoda. 

N«!Tous  substance  has  its  origin  in  simple  cells,  which  in  ganglia  retain 
their  cellnlar  character,  but  in  nerves  appear  to  be  dongated  as  tubes, — the 
edl-wall  constituting  the  nerve-sheath  or  the  neurilemma — the  cell-contents 
(Hie  contained  nerve-tissue)  existing  as  a  fine  mdecular  matter.  In  nerve- 
masses  or  ganglions  the  original  nudd  remain,  and  the  several  constituent 
edls  are  aggregated  and  held  together  by  diffused  connective  tissue.  Some 
peculiar  structures,  supposed  to  stand  in  especial  relation  to  the  nervous 
system,  are  described  l^  Leydig.  We  cannot  do  better  than  follow  his 
account  in  an  abstract. 

Immediately  above  or  about  the  brain-ganglion,  in  many  g^iera,  a  sac  is 
observable  filled  with  a  whitish  substance,  called  by  Ehrenberg  the  **  chalk- 
sac  "  (Kalkbeutd).  Leydig  confesses  that  he  has  hitherto  been  unable  to 
determine  whether  this  sac  is  in  immediate  connexion  with  the  brain,  or  in- 
dependent of  it.  In  Notommata  eentrura  (XXXYIU.  26 1)  it  appears  as  a 
process  or  lobe  of  the  brain ;  but  in  another  spedes,  N,  awritay  the  sac  is  so 
dongated  as  to  form  a  thin  stem  filled  with  the  chalk-Hke  matter,  which  it 
seems  to  discharge  by  an  opening  on  the  head.  This  organ  would  therefore 
seem  to  partake  of  the  nature  of  a  gland.  Bedde  the  genera  named,  this  sac 
is  seen  in  Notommata  tripuSy  in  N,  eoUaris,  and  in  N  tardigrada ;  also,  if  the 
blade  speck  noticed  by  Perty  be  the  same  structure,  in  N,  roseola,  Ehrenberg 
refeiB  to  its  existence  in  Dtglma,  Megalotroeha,  and  Braehionus ;  but  in  the 
last-named  genus  Leydig  has  fedled  to  discover  it. 

The  vedcular  space  or  sac  is,  in  several  instances,  not  dng^e ;  but  two, 
three,  or  four  are  noticeable.  Thus  in  MegaU)iro(ha  Ehrenberg  mentions  four 
opaque,  white,  spherical  bodies  at  the  base  of  the  rotary  organ. 

Another  sac,  distinct  from  the  foregoing,  is  seen  in  Euehlanis  and  Notom- 
mata eentrura,  lying  in  the  median  line  dose  above  the  brain,  and  discharging 
itself  by  a  duct  passing  forwards  to  the  cutide.  It  contains  no  chalky  matter, 
but  is  tranducent  and  composed  of  dear  odls.  The  peculiar  and  considerable 
oigan  which  Leydig  met  with  in  Stephanoceros,  placed  in  advance  of  the  sto- 
mach, and  consisting  of  a  group  of  hyaline  vesides  with  a  discharging  orifice 
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on  tiie  necky  its  obflerrer  is  mdined  to  reler  to  tfaa  flame  category  witb  the 
problematical  Btmoturee  of  EuManis  and  Notommata  eentntra.  He  more- 
over seeks  to  establish  an  affinity  between  these  organs  and  the  small  dear 
space  sormonnted  by  a  ring  on  the  catLdey  sitnated  in  the  middle  line  <^  the 
body,  behind  the  frontal  speck  in  Phylkpoda,  such  as  Brafuh^nis ;  bat  even 
if  this  affinity  be  admitted,  no  light  is  thrown  upon  the  functions  of  these 
qfaestionable  stroctores. 

b.  Organs  of  Sense. — ^The  existence  of  some  of  the  senses  is  to  be  in- 
ferred from  that  of  a  nenrons  system.  The  sense  of  toodi  is  one  concerning 
which  there  can  be  no  qnestion ;  that  of  taste,  in  its  nature  allied  to  the 
tactile  sensibility,  is  very  donbtfdl,  whilst  those  of  smelling  and  hearing  may 
be  pretty  safely  stated  to  be  entirely  absent.  Lastly,  1^  sense  of  si^t 
is  geneially  admitted  to  exist,  and  to  have  special  organs,  or  eyes,  for  its 
exercise. 

Touch  may  be  supposed  to  be  diffosed  as  common  sensibility  otct  tiie 
entire  surface  of  the  body,  and  espedally  developed  in  the  soft  tissue  of  the 
rotary  organ,  in  its  processes  and  antenn»,  and  in  the  soft  procesees  and 
termination  of  the  pseudopodium.  Something  approaching  a  sense  of  taste 
has  been  imagined  present,  particularly  in  the  antenne  or  feelers.  If  the 
fiumlty  of  hea^g  seems  occasionally  exercised,  we  must  attribute  the  eir« 
oums^ce  in  part  to  the  perception  of  the  disturbing  cause  by  vision,  and  in 
part  to  the  vibrations  produced  in  the  liquid. 

The  visual  organs  (XXXYIII.  16-19,  33)  have  daimed  partieolar  atten- 
turn,  and  now  have  their  existence  in  the  majcnity  of  Rotatoria,  at  some  pe- 
riod of  their  life,  satis&ctorily  proved.  Dujardin,  dissatisfied  with  Ehrenbeig'a 
hasty  generalizations,  and  compelled  to  deny  the  visual  character  of  tiie  co- 
loured specks  in  various  Protozoa  and  Phytozoa,  looked,  no  doubt,  with  greater 
sceptidsm  up<m  the  Berlin  Professor's  representations  of  eyes  in  Botatoiia 
than  he  otherwise  would  have  done,  and  started  s<Hne  objections  against  them. 
He  says — '*  1  will  not  deny  a  certain  analogy  between  the  red  specks  and  the 
coloured  points  observed  in  Cydopidc^y  and  which  may  be  called  eyes ;  but  I 
cannot  assign  to  such  specks  a  very  high  importance,  seeing  that  they  con- 
stantiy  disappear  in  the  adult  condition  of  many  Botifera,  and  otherwise  show 
themselves  more  distinctly,  according  to  the  degree  of  development  as  deter- 
mined by  the  season  and  the  place  of  development.''  It  should  be  noted, 
however,  in  reply  to  this  objection,  that  a  similar  disappearance,  on  the  at- 
tainment of  the  adult  state,  occurs  in  the  parasitic  Crostacea,  the  visual  dia- 
raoter  of  whose  eye-specks  or  ocelli  is  not  questioned.  Moreover,  although 
some  coloured  specks  in  the  Eotifera  are  undoubtedly  mere  heaps  of  granules, 
yet  others  have  assuredly  a  definite  optical  organization  and  frinction.  These 
possess  a  refracting  medium,  the  essential  part  of  an  eye ;  and  their  organ- 
ization, though  simple  and  imperfect,  yet  elevates  them  to  the  nrnk  of  eyes, 
eyelets,  or  ocelli. 

Ehrenberg  gave  much  attention  to  the  position,  number,  and  other  peea- 
liarities  of  the  eye-specks  of  Eotatoria,  as  he  employed  them  largely  in 
fruming  lus  classification.  Unfortunately,  however,  he  £d  not  acquaint  him- 
self sufficientiy  witk  their  minute  structure,  but  was  content  to  caU  all  the 
coloured  specks  he  met  with  eyes,  and  insisted  on  unimportant  and  inconstant 
particulars  as  generic  and  specific,  characteristics.  These  errors  have  conse- 
quently much  vitiated  his  classification  (see  chapter  on  Classification) ;  and 
uie  tendency  at  the  present  day  is  to  assign  to  the  coloured  eye-spots  an  al- 
together secondary  rank  among  the  characteristics  of  Botatoria. 

Ehrenbeig  described  the  eye-specks  as  variously  situated,  on  the  fore  pari 
of  the  head  (forehead)  or  on  the  neck,  as  mostiy  sessiLe  (t.  e,  situated  imme- 
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dtfitdy  <Hi  the  part),  and  rarely  pedonculate  (t.  e.  supported  on  a  pedide  or 
•tern),  as  in  OtogUna.  In  wane  species,  as  in  Botifer,  the  eyes  are  placed 
on  a  protmsile  part  of  the  head,  and  consequently  appear  at  one  trme  in  ad- 
vance of  the  head,  and  at  another  far  haokward  within  the  hody.  In  Jif&nura, 
Ehrenheig  states  Ihey  are  moveahle.  The  numher  of  eye-spots  varies  con- 
siderably :  in  several  genera  there  is  but  one,  e,  g.  Furcularia,  MonoeereOf 
Niftommata,  and  BraMonuB ;  but  two  eyes  are  more  common,  as  in  Melicerta 
(XXXVn.  16),  Ladnnlaria,  Megalotroeha  (XXXTI.  376),  BoHfer  (XXXV. 
476-478),  and  Diglena  ;  three  eye-specks  occur  in  Asplancknay  TriyphihaU 
nMtf  (XXXin.  412-414),  Eosphora,  and  OtogUna ;  four  in  Squameua ;  and 
from  six  to  twelve  coloured  spots  and  upwards  are  met  with  in  Oycloglena  and 
Theorus  (XXXIY.  425-429),  but  their  visual  character  is  more  than  doubt- 
fuL  These  last  **  conglomerate  eyes,"  as  Ehrenheig  calls  them,  appear  to 
be  no  other  than  ooUections  of  coloured  (it  may  be  oil)  particles,  and  are 
akin  to  the  large  c(doured  spaces  seen  on  Notammata  foreipata  and  SynchceUi 
Baltica,  having  neither  a  definite  nor  a  regular  outline  (see  p.  440).  Subse- 
quent research  has  jnroved  Ehrenberg  in  error  respecting  the  number  of  eyes 
in  several  species, — an  error  which  seriously  affects  his  classification. 

The  ordinary  colour  oi  the  eye-specks  is  red,  but  sometimes  it  is  reddish- 
brown,  and  rarely  violet  or  black.  The  colour  may  change  in  the  lifetime  of 
the  individual,  as  from  red  in  the  young  to  black  in  the  adult  state.  In  a 
few  instances  no  eye-specks  are  visible. 

Except  some  of  the  doubtfdl  collections  of  coloured  specks,  the  eve-spots  are 
placed  immediately  above  the  great  ganglion  of  the  head,  the  homologue  of  the 
brain,  or,  as  Siebold  affirms,  are  united  with  it  by  intermediate  nerve-fibres. 
The  intimate  structure  of  the  eyes  was  ill-understood  by  the  great  Prussian 
Professor.  He  was  unable  to  convince  himself  of  the  existence  of  a  cry- 
stalline lens  and  of  a  cornea.  Thus,  in  his  account  of  Botifer  vulgaris,  he 
states  that  the  eyes  consist  of  several  cells  filled  with  a  granular  pigment, 
and  sometimes  they  separate  abnormally  into  several  portions.  He  thinks 
ihere  is  no  crystalline  lens,  although  they  are  probably  compound,  like  the 
eyes  of  insects. 

Siebold  insisted  on  the  coloured  specks  of  Botatoria  being  sharply  defined, 
and  in  many  cases,  at  least,  fbmished  with  a  capsule,  in  contradistmction  to 
the  ill-defined  vanishing  pigment-masses  imagined  to  be  eyes  in  the  Protozoa. 
Wagner  also  speaks  of  a  lens  in  the  eyes  of  Ladnidaria.  Perty  is  adverse 
to  the  notion  of  a  lens  or  cornea,  or  of  a  capsule ;  yet  in  Pterodina  Patina 
he  notes  that  the  elliptical  eye-speck,  viewed  on  the  side  and  from  below,  is 
seen  to  consist  of  an  upper  red  and  an  under  white  half.  That  the  latter 
represents  a  refracting  medium  is  highly  probable.  A  compound  structure 
is  further  indicated  by  Perty  in  Searidium  hngicaudum,  in  which  he  perceived 
**  a  mass  of  small  granules  resembling  a  gland,  in  the  midst  of  the  red  pig- 
ment-corpusdes,  which  are  outspread  irregularly,  and  paler  at  the  circum- 
faenoe.  Moreover,  in  EuManis  triquetra  there  is  an  irregular  brown  scale 
with  reddirfi-brown  contents,  whilst  in  E,  Luna  the  unusually  large  eye-spot 
appears  to  be  made  up  of  ten  to  twelve  distinct  red  granules. 

Leydig  arranges  the  single  eye-specks  under  three  types : — 1.  an  ordinary 
pigment-spot,  odf  a  rounded  or  irregular  outline,  a  reddish-brown,  black,  or 
vi^et  colour,  not  sharply  defined,  e,  g.  in  Notommata  Synchasta ;  2.  a  de- 
fined, sharply-bounded  speck,  actually  composed  of  two  coalesced  hemi- 
spherical portions,  such  is  seen  in  BroMonus ;  3.  a  speck  having  a  dear 
refracting  body  projecting  from  the  mass  of  pigment — a  structure  discovered 
\j  Leydig  in  Euchlani$  unisetafd  (XXXTEII.  19).  The  first  type  is  the  most 
prevalent. 
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Leydig  next  proceeds  to  show  that  the  sin^  eye-specks,  aiq[)eaiiiig  only 
as  an  accomolation  of  pigment-grannies,  are  precisely  homologous  stmctores 
with  the  reputed  eyes  of  Cyclops  and  DaphtUa  among  the  Entomostraca,  and 
of  ArguluB,  Artemia,  and  Branchiptu  among  the  Phyllopoda.  In  neither  the 
one  nor  the  other  does  a  lens,  cornea,  or  capstlle  exist,  although  in  a  few  (for 
instance,  in  Notommata  Myrmeleo)  a  glistening  white  substance  is  intermixed. 
The  single  eye-spot  of  BrackionuSf  with  its  coalesced  central  segments,  has 
its  counterpart  in  the  eye  of  the  lanra  of  CyehpSy  and  an  evident  analogy 
with  that  of  Cydopsiruty  as  also  with  that  of  CaUguB,  in  both  which  a  refract- 
ing lens  makes  its  appearance,  it  is  lLke¥dse  similar  in  general  conformadon. 

Who  then,  asks  Leydig,  can  advance  any  direct  arguments  against  the 
hypothesis  that,  by  the  medium  of  the  pigment-granules  in  immediate  oon- 
tiguity  with  the  nerve-cells  of  the  brain,  without  a  refracting  body,  a  percep- 
tion of  light  is  possible  ?  That  the  Botatoria,  on  the  contrary,  may  poaseas, 
equally  with  the  Crustacea,  a  refracting  medium,  is  illustrated  by  the  example 
of  EuMams  unisetcUa,  WitJi  reference  to  those  species  having  two  eyes,  Leydig 
has  convinced  himself  of  the  presence  of  a  lens  in  both  in  Pterodina,  Ste^ 
pTianops,  Metcpidia,  MoHfer  eitrinus,  and  in  22.  macrunis ;  and  he  thinks  he  has 
seen  one  in  the  eyes  of  the  young  of  Tubicolariay  Melicerta,  and  SUph<m(}eero$y 
although  the  soft  state  of  the  parts  and  their  indistinct  outline  render  the 
observation  less  certain.  In  the  last-cited  animals,  when  any  trace  of  the 
eye-pigment  remains,  none  whatever  of  the  crystaUine  lens  is  visible.  Of 
the  other  binocular  Botatoria,  not  mentioned,  Leydig's  opinion  is,  that  ana- 
logy intimates  the  existence  of  a  refracting  medium,  and  their  nature  as  true 
eyes.  The  presence  of  a  special  homy  skin  or  a  particular  capsule  sur- 
rounding the  pigment  is  doubtful ;  for  the  cuticle  probably  performs  the  office 
of  a  cornea. 

Of  the  many-eyed  Botatoria,  Leydig  has  particularly  examined  Eosphara 
and  Theortu.  He  finds  Ehrenberg  in  error  respecting  Eosphora,  which,  in  &ct, 
possesses  a  single  eye-speck  above  the  brain ;  and  what  that  naturalist  took 
to  be  two  dear  eye-points  on  the  frx)ntal  margin  are  merely  intensely  orange- 
or  yellow-coloured  spaces,  which  are  at  once  seen  to  be  without  any  affinity 
witii  the  other  eye-specks.  The  eyes  of  Theona  are  nothing  more  than  oil- 
drops  within  the  stomach-glands.  Ehrenberg,  moreover,  describes  colourless 
eyes,  the  visual  nature  of  which  may  well  be  doubted.  Although  he  has  no 
direct  observation,  Leydig  believes  that  in  SquameUa  the  pigment  is  composed 
of  numerons  portions  disposed  around  a  crystalline  lens,  and  that  the  animal 
may  consequently  be  called  many-eyed. 

The  conclusions  arrived  at  by  Leydig  are,  *^  that  the  single-eyed  spedes  of 
Hotatoria  have,  many  of  them,  a  refracting  body  in  their  eye-specks,  which 
are  therefore  true  simple  eyes,  but  that  in  most  cases  a  lens  is  wanting,  and 
the  specks  are  merely  rudimentary  eyes ;  whilst  in  those  with  two  eye  gpots, 
each  of  them  is,  by  we  presence  of  a  lens,  an  actual  simple  eye." 

Ehrenberg  stated  that  eye-specks  were  entirely  absent  in  several  genera : 
such  were  the  doubtful  Botatoria  Ptygura  and  Tchthydium,  also  CTiceUmattUf 
CyphonauteSy  Tuineolaria,  EnUrcplea,  ffydaUna,  Pleurottoeha,  L^padetta, 
UydriaSy  Typhlina,  and  Noteus.  With  reference  to  Tubicolaria,  Leydig 
shows  that  in  the  young  state  this  genus  has  two  eye-specks ;  of  the  other 
exceptional  forms,  several  have  been  insufficiently  examined  to  found  any  cer- 
tain statements  upon. 

The  curious  fact  of  the  disappearance  of  the  eye-spots  in  several  Botatoria 
has  been  already  referred  to.     Examples  occur  in  the  genera  MeUcertay  Laor 
nidaria,  Floscularia,  Tvbicolaria,  and  Megcdotrocha, 
^      c.  The  Psychical  Endowments  of  Botatoria  are  probably  of  the  nature  of  in- 


Digitized  by  VjOOQ  Ic 


QY  XKX  BOIASOBIA.  441 

Btinct;  8^ne  so  aiq^posed  are  simidj  acts  dictated  by  ezt«rnal  eiroimistaiiees. 
Perty  intiinates  that  tlie  apparent  wT^lnTig  after  one  another,  the  gamboling 
among  themselves^  and  the  fact  of  their  depositing  their  ^gs  in  ohosen  and  ap* 
propriate  localities,  to  which,  after  an  absence,  thej  wUl  return,  are  pheno- 
mena e^dencing  perception,  design,  and  a  sense  of  company.  This  last  imagined 
sense  was  one  suggested  by  Ehrenberg,  who  affirmed  that  he  had  observed  it 
in  the  case  of  Fhihdina  rogeola^  which,  when  kept  in  glasses,  deposited  its 
eggs  in  heaps,  the  parent  remaining  a  long  time  with  the  young  ones  pro- 
duced from  them,  and  so  constituting  a  sort  of  DEunily  or  colony, — an  act 
dictated,  as  he  surmised,  by  a  sense  of  company  or  family. 

The  occasionaUy-observed  rejection,  and  ejection,  of  what  may  be  deemed 
disagreeable  or  unsuitable  nutriment,  are  acts  which  some  might  interpret  to 
be  indicatiye  of  volition,  and,  in  some  d^:ree,  of  pain  or  unpleasant  impression ; 
but  they  are  quite  expHcable  without  ii^ference  to  a  sentient  nerve-centre,  or 
to  high  psychical  endowments.  The  same  thing  may  be  said  of  other  reputed 
evidences  of  the  existence  of  psychical  or  mentel  Acuities. 

Of  thb  KsFaoDucnvB  OaoAirs  ahd  Devslopmskt  of  Botaiobia. — ^The 
Rotatoria  were  for  a  long  time  assumed  to  be  hermaphrodite  or  monoecious, 
i,  e.  that  each  individual  possessed  a  perfect  male  and  £Bmale  reproductive 
apparatus,  by  which  ova  are  formed,  and  fructified  without  the  presence  or 
contact  of  any  other  individuaL  There  has  never  been  any  difficulty  in 
determining  the  female  generative  organs,  which  are  very  clear  and  well 
defined ;  but  the  greatest  diversity  of  opinion  has  subsisted  respecting  the 
coexistence  of  male  and  female  organs  in  the  same  individual. 

Dujardin  attempted  no  explanation  of  this  matter,  whilst  Siebold  candidly 
affirmed  that  in  the  absence  of  any  precise  knowledge  as  to  the  male  organs, 
it  is  impossible  to  say  whether  the  Eotatoria  are  monoecious,  or  have  the  sexes 
separate— -are  dioedous. 

The  clearing  up  of  this  quettio  veofcUa,  in  several  at  least  of  the  Rotatoria, 
is  due  to  our  countryman  Mr.  Brightwdl  of  Norwich,  who  demonstrated  the 
existence  of  distinot  male  animals,  and  figured  them  (XTT.  65,  66)  in  his 
<  Fauna  Infusoria.'  This  discoveiy  was  further  carried  out  by  Mr,  Dal- 
rymple,  and  has  subsequently  been  extended  by  Mr.  Gosse,  Leydig,  and 
others.  Inasmudi,  however,  as  the  monoecious  or  hermaphrodite  ccmdition 
is  very  prevalent  among  the  lower  Invertebrata ;  as  the  males  of  the  majority 
of  the  Rotatoria  have  as  yet  escaped  detection ;  and  as  there  are  parts  dis- 
cernible in  several  of  them  presenting  some  similarity  with  recognized  male 
Q9:gans  in  other  animals,  not  a  few  eminent  observers  still  indine  to  the 
bcdief  that,  at  least  in  a  portion  of  this  class,  the  sexual  organization  is  of  the 
monoecious  type.  These  doubtful  oigans  will  be  discussed  aftdr  the  well- 
determined  female  apparatus,  and  the  male  animals,  have  been  described. 

Fbxale  Repbodttcteivb  Oboavs. — ^These  were  pretty  accurately  determined 
by  Ehrenberg,  who  noticed  a  single  or  double  ovary,  an  oviduct,  an  ovisac, 
and  a  vaginal  sheath  or  outlet  leading  to  the  cloaca  or  the  rectum. 

The  ovary,  in  which  the  ova  or  eggs  are  generated,  lies  immediately  beneath 
er  behind  the  alimentary  canal,  between  it  and  the  contractile  sac  (XXXVni. 
26o,p;  XXXVII.  1  e,  19 A,  32c) ;  its  anterior  border  often  advances  as  far 
forward  as  the  maxillary  (oBsophageal)  head.  Oftentimes  its  position  is  rather 
transverse,  and  it  lies  across  ^e  intestine,  or  is  curved  to  some  extent  around 
it.  It  varies  in  size,  but  is  always  a  very  large  organ,  and  occupies  a  consider- 
able space  in  the  interior  of  tJiie  body.  It  also  presents  much  diversity  of 
figure,  being  sometimes  round,  oblong,  or  oval,  at  others  fiattened,  elongated, 
reniform,  bUobed,  homed,  or  curved  like  a  horse-shoe.  It  is  enveloped  by 
a  delicate  membrane,  rendered .  very  obvious  by  the  action  of  acetic  acid 
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(XXXVn.  220),  which  contracts  the  suhetance  of  the  oyaiy,  and  iiirows  the 
inembrane  into  sharp  folds.  This  membrane  may  likewise  be  detected  with- 
out the  assistance  of  chemical  reagents,  where  it  is  contracted  below  into  an 
outlet  or  duct  opening  in  the  cloaca.  It  forms  a  pellucid  membranous  bag, 
which  may  be  ruptured  by  pressure,  giying  exit  to  its  viscid  contents ;  and 
Loydig  asserts  that  the  wall  of  the  ovary  is  contractile,  as  the  addition  of 
alcc^ol  demonstrates. 

Hie  substance  of  the  ovary  is  called  the  '  stroma '  or  protoplasm  ;  it  has  a 
finely-granular  appearance  and  a  viscid  consistenoe.  It  is  usually  of  a  milky 
or  a  light-grey  colour,  and  has  interspersed  in  it,  besides  gramul^,  numerous 
dear  bodies  cd  a  vesicular  appearance  (XXAVli.  le;  AXWJLL.  7),  but 
which,  Leydig  says,  are  really  homogeneous.  Williamson  counted  betwe^i 
20  and  30  in  the  ovary  of  Mdicerta,  varying  in  diameter  from  j-^i^js^  to 
-p^th  of  an  inch  (XXXVII.  22).  These,  by  development,  constitute  the  ova 
Or  eggs,  and  may  be  termed  rudimentary  ova.  Within  each  a  finely-molecular, 
more  or  less  opaque,  and  rounded  body  is  perceptible  (the  nvdeiui),  surrounded 
by  a  dear,  transparent  ring,  apparently  Med  with  fluid  (the  germinal  veside) 
(XXVn.  6,  7).  " These  are,"  writes  Huxley,  "the  germinal  vesides  and 
spots  of  the  future  ova.  Acetic  add,  in  contracting  the  pale  substance,  groups 
it  round  these  veddes,  without,  however,  breaking  it  up  into  separate  masses. 
It  rend^B  the  nudd  more  evident."  This  autiior  further  remarks,  "the 
pale  dear  space  is  sometimes  seen  to  be  limited  by  a  distinct  membrane."  The 
measurements  of  the  nudd  in  MeUeerta  are,  according  to  Williamson,  from 
«^l^th  to  -p^th  of  an  inch  in  diameter.  Witlun  eadi  nudeus  are  usoalfy 
&om  one  to  three  dear  spots — the  nucleoli.  The  nudeolus,  as  understood  l^ 
Williamson,  corresponds  with  the  nucleus  in  the  preceding  description,  whilst 
this  last  term  is  applied  by  Huxley  to  the  entire  germinal  body  or  rudi- 
mentary ovum. 

FOBMATIOK   OF  OVA,  THEIB  EXTBTTSTOIT,  AKD  IhsVSLOFKEHT. A&fft  fructifi- 

eation,  and  preparatory  to  their  transition  into  ova,  the  germinal  spaces  undeigo 
various  dianges  in  ocmstitntion  and  appearance.  The  germinal  vemde  en- 
larges, its  nucleus  disappears,  and  the  ovum  is  indicated  only  by  an  ill-defined 
transparent  spot,  which  may,  by  pressure,  be  isolated  as  "  a  small  sphericd 
edl  about  -n^Trth  of  an  inch  in  diameter,  having  very  thin  pelhidd  walls, 
and  scarcely  any  viable  cell-contents  "  (Williamson).  Oonsentaneoudy  with 
these  movements  in  the  germinal  space,  the  construction  of  the  ovum  pro- 
ceeds by  the  attraction  and  separation  of  a  portion  of  the  suirounding  proto- 
plasm forming  a  yelk.  The  portion  so  appropriated  is  particularly  nch  in 
granules  which  have  previously  congregated  in  the  ovary,  and  now  attracted, 
it  may  be  supposed,  by  the  active  vital  action  set  up  in  the  rudimentaiy 
ovum.  This  abundance  of  granules  produces  a  deeper  colour  and  an  increased 
opadty  in  this  portion  of  tibie  ovary ;  so  that  when,  as  Prot  Williamson  re- 
marks in  the  instance  of  MeUeerta,  this  process  of  devdopment  proceeds  in 
the  centre  of  the  ovary,  the  latter  organ  appears  divided  by  the  indpient  ovmi 
into  an  upper  and  a  lower  half. 

The  consequence  of  these  several  changes  is  that  the  resultant  ovum  £b  of 
oonmderable  sise  (XXXYII.  170)  and  stands  prominentiy  outward  firom  the 
general  surface  of  the  ovary,  acquiring  at  tjie  same  time  an  independent 
character  by  the  production  of  a  limiting  membrane  about  tiie  vitdliis  or 
yelk,  called  the  vitelline  or  vitellary  membrane.  Huxley,  indeed,  does  not 
regard  this  as  a  distinct  and  specially  produced  covering,  but  as  derived  from 
a  portion  of  the  endosing  membrane  of  the  ovary,  pinched  off  firom  the  rest 

Prof.  Williamson  enters  into  a  comparisott  of  the  devdopment  of  the  ova 
•f  MeUe&fia  with  that  of  the.  higher  Mammalia,  to  show  the  close  relati<Huhip 
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tbat  subsists  between  them  during  this  process.  We  h&re  not  space  to  Mioijr 
out  this  piece  of  comparatiTe  physiology  in  the  words  of  the  author,  but  can 
only  state  his  oonclnsi<His :  m.  that  the  elements  which  are  contained  in  and 
soldy  occupy  the  ovisac  of  the  Melicerta,  are  those  which,  in  Ihe  oyaries  of 
tiie  higher  Mammalia,  are  restricted  to  the  interiors  of  the  Graafian  Tencles ; 
that,  whilst  in  the  former  the  protoplasmic  stock  forms  one  undivided  mass 
from  which  portions  are  successiyely  pinched  off  to  form  the  ova,  in  the  latter 
(the  Mammalia)  it  is  divided  into  small  portions,  each  being  contained  within 
a  special  receptacle  or  Graafian  vesicle,  the  interspaces  being  occupied  by  the 
stroma  or  tissue  of  the  ovary. 

It  IB  in  the  yelk-matter,  derived  from  the  protoplasm,  that  the  red  tint 
notioed  by  Ehrenberg  and  others  occurs ;  the  colour  depends  on  red  element- 
ary granules,  and  on  highly  refractive  QU-Hke  particles.  Mr.  Gosse  suggests 
that  '*  possibly  the  colouring  matter  of  these  reservoirs  may  be  resolved  into 
the  red  pigment  of  the  eyes,  and  the  yellow  of  the  jaw-cushion  and  other 
parti ; "  sudi  a  destiny  we  deem  scarcely  probable.  Moreover  the  appear- 
ance of  oQ-molecules  often  refracting  a  red  colour,  about  parts  in  which  active 
develc^Hnent  is  proceeding,  is  a  fiact  very  generally  observed.  A  red  hue  of 
the  ova  is  seen  in  PMlodma  roseola,  BroMonus  rubens,  MatHgoeerea  earinata 
and  I\>lyarthra;  in  Notommata  SUboldH,  Asplanehay  AnmvM  <mirfn&>mi8, 
Sjfnthada  peetinata,  and  in  LaemaUma  wdaJis.  Leydig  believes  tiliat  in 
many  forms,  e,  g.  BraehUmus,  Notew^  and  Euddcmis,  one  portion  of  the  ovary 
piodnces  almost  exdudvely  the  yelk,  and  has  in  consequence  a  darkw  colour 
than  the  other  part,  which  developes  the  germinal  spaces.  This  phenomenon 
has,  he  remarks,  its  analogue  in  various  Crustaceans — ^the  Hexcmoda  and 
AtiOma.  It  may  be  here  stated,  however,  that  the  darker  portion  c^  the 
ovary  has  assigned  to  it,  by  other  naturalists,  the  office  of  preparing  the 
winter  ova,  presently  described,  rather  than  the  yelk,  as  supposed  by  Leydig. 
The  preeeding  aocounL  indeed,  i^[yplies  particularly  to  the  production  ef  the 
ordinary  ova ;  the  early  history  of  the  winter  ova  referred  to  will  be  given  in 
the  account  c^  development. 

Ths  Ova. — ^The  Botatoria  develope  two  varieties  of.  eggs,  called  re- 
qpeetxvely  ^*  summer  "  and  *'  winter  "  ova,  besides  male  eggs.  Much  difi^nce 
ebtams  between  them,  especially  in  their  developments,  contents,  and  later 
bisCory.  The  summer  eggs  have  thin,  smooth,  firm,  and  elastic  shells,  so 
tnaspaient  that  the  course  of  the  changes  proceeding  within  may  be  watched 
throuf^out.  In  figure  they  are  ellipsoid,  oval,  or  ovoid  (XXXYII.  5, 6, 8, 9). 
They  are  laid  by  the  animals  during  the  whole  course  of  the  summer,  and  are 
forthwith  hatdied.  The  winter  ova,  on  the  contrary,  are  chiefly  produced  in 
the  autumn,  and  are  destined  to  remain  in  an  inactive  or  torpid  state  during 
the  winter.  They  are  generally  of  larger  dimensions,  often  irregular  in  form, 
from  inequality  of  the  two  sides,  or  from  prominences  or  depressions  of  the 
iurfiMes  (XXXIX.  20),  and  opaque  on  acoount  of  their  dark  granular  con- 
tads  and  of  their  double  shell  (XXXYH.  21,  22,  24).  Caustic  potash 
renders  the  shells  clearer  and  more  transparent,  and  causes  some  of  the 
iaequalities  of  their  surface  to  decrease.  Huxley  says  that  the  tough  elastic 
membrane  or  shell  is  soluble  in  both  hot  nitric  acid  and  caustic  potassa. 
Between  the  two  shells  is  an  interspace,  more  roomy,  at  the  opposite  ends  of 
the  egg.  The  inner  shell  is  thin  and  ddicate,  and  immediately  envelopes 
tiie  yelk  enclosed  in  its  vitelline  membrane.  The  external  one  is  thicker, 
firmer,  and  usually  of  a  brownish-yellow  colour.  Its  sur&ce  is  mostly 
rou^wned,  or  tubemilated,  striated,  or  thrown  into  ridges,  aredated,  cellular, 
or  divided  into  facets,  beset  with  longer  or  diorter  hairs  and  bristles,  and  occa- 
AoBifly  with  spines.    Examples  of  such  modifications  of  the  surfece  occur  in 
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jMnircea  Teitudo,  A.  semdata,  Notommata  SieboldU^  N.  MyrmeUo,  MeUcerta 
ringeng,  Aseomorpha  Qermanica,  Laeimdaria  BodaUs,  ScaricUum  langicamdwmy 
Hydatina  tenia,  Anwrcea  valga,  &c.  Ehienbeig  was  not  prepared  to  admit 
the  existenoe  on  ova  of  actoal  hairy  prooesees,  but  sappoeed  tiiem  to  be  the 
hair-like  filaments  of  Hygrocrooisy  or  of  other  Algn.  This  sapposition  may 
in  some  cases  be  correct ;  for  ova,  like  other  bodies  in  the  water,  may  become 
the  nidus  for  the  growth  of  various  microscopic  plants  and  animals.  That 
some  ova,  howeyer,  are  actually  hairy  is  evidenced  by  their  visible  occurrenoe 
in  that  state  even  whilst  still  within  the  abdomen  of  the  parent ;  as  may  be 
seen  in  the  ova  of  ffydatina  tenia,  of  Notommata  Parantus,  &c.  Both  winter 
and  summer  ova  may  often  be  met  with  in  the  same  animal  (XXXIX.  16) — 
the  one  kind  perhaps  still  in  the  ovaiy,  the  other  on  the  point  of  expulsion ; 
or,  it  may  be,  both  sorts  may  be  carried  about  attached  to  the  posterior  part 
of  the  par^it  animal.  This  last  occurrenoe  is  noticed  by  Leydig  in  BraMontu 
Bakeri, 

These  two  varieties  of  ova  were  recognized  by  Ehrenberg,  who  assigned 
them  the  names  applied  to  them.  Mr.  Huxley  suggests,  instead  of  the  term 
*  winter  ova/  the  appellation, '  ephippial '  ova,  to  indicate  their  analogy  with 
the  similar  eggs  of  baphnia  and  other  Entomostraca. 

When  recounting  the  propagation  of  Notommata  Sieboldu,  Leydig  remarks 
that  male  and  female  ova  are  not  developed  together  in  the  same  animal. 
This  fjEust  has  been  extended  by  Cohn  to  apply  to  the  whole  family  of  Bota- 
toria.  According  to  him  the  ephippial  are  always  distinguishable  by  their 
external  characters  from  the  conmion  summer  ova,  particularly  by  their  much 
smaller  dimensions.  They  have  thin,  transparent  shells,  and  are  chiefly  pro- 
duced at  those  seasons  when  *  ephippial '  ova  are  generated.  Their  develc^ 
ment  follows  the  same  course  as  thi^  of  the  *  summer '  ova ;  but  they  are  pro- 
duced in  very  much  smaller  numbers, — a  circumstance  that  affords  another 
reason  for  the  paucity  of  males  compared  with  female^  whenever  a  ooUeetion 
of  Eotatoria  is  examined. 

When  the  development  of  summer  ova  in  the  ovary  has  proceeded  to  the 
point  we  have  mentioned,  and  the  egg  is  already  become  a  distinct  body  &om 
the  general  substance  of  the  ovary (XXXYII.  2d),  it  is  slowly  moved  down- 
wards towards  the  passage  or  oviauct  (XXXYII.  2/),  which  ends  in  the 
doaca  (XXXYII.  32  d) ;  and  it  is  in  this  part  of  its  course  that  the  siheU 
becomes  perfected.  In  the  majority  of  the  Kotatoiia  the  ova  are  at  this  stage 
extruded,  the  farther  phases  of  development  proceeding  externally  to  the 
animal ;  in  others  they  are  detained  in  their  passage  until  the  embryo  is 
more  fiilly  elaborated,  or  even  until  it  is  perfect  and  released  from  its  shelL 

The  sixe  oi  the  ova  prior  to  expulsion  XXXYII.  32  d;  XXXYIII.  26jp) 
is  very  extraordinary,  so  much  so  that  a  single  ovum  will  sometimes  oetnrpy 
the  hffger  portion  of  the  interior  of  the  aniimd.  The  completed  egg  of  Jie^ 
Ueertsk  has  an  average  length,  says  Williamson,  of  ^jhrth  of  an  inch,  and  a 
diameter  of  ^^th.  The  eggs  of  some  HydaHnas  are  y^th,  of  LadnuUma 
i^th  of  an  men  and  upwards  in  diameter. 

In  several  Eotatoria,  two  or  more  ova  become  agglutinated  together  near 
the  termination  of  the  oviduct,  or  in  the  cloaca,  and  are  expelled  together  en 
masse,  and  still  remain  adherent  to  the  parent,  close  to  the  doaoal  outlet  at 
the  base  of  the  tail.  This  is  exemplified  in  Triarihra  (XXXYIII.  30  d),  Pb- 
lyarthra  (XXXIH.  400,  401),  Anurata  (XXXY.  486;  XXXIX.  16),  and 
Noteus, 

The  oviduct,  or  passage  from  the  ovary  to  the  doaca,  is  a  membranous  tube 
formed  by  a  prolongation  of  the  tunic  of  the  ovary.  It  is  always  extremely 
dilatable ;  and  sometimes  an  egg  is  so  long  detained  in  its  lower  part,  that  it 
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•eems  to  serre  the  pforpcee  of  a  uterog,  and  has  receired  ike  name  of  cvtsae. 
The  orifice  of  this  OTidnot  or  ovisac  into  the  doaoa  is  called  the  '^  yaginal 
oiifioe ;  **  the  va^^nal  sheath,  spoken  of  hy  Ehrenberg,  would  appear  to  be 
either  the  termination  of  the  ovidact  or  sometimes  the  cloaca  itself.  The 
Cfridnct  may  occasionally  be  deficient.  Prof.  Huxley  states  that  he  could 
ducover  no  such  passage  in  Ladnularia. 

The  eggy  haying  descended  into  the  cloaca,  is  expelled  thence  by  means  of 
a  strong  contraction  of  the  whole  body,  and,-  in  the  act  of  escaping,  inyolves 
the  erenion  of  the  cloaca.  The  time  occupied  in  the  formation  of  the  sum- 
mer egg,  from  its  first  appearance  as  a  vesicular  space  in  the  ovary  to  its 
eompletion  and  extrusion,  is  very  brief,  generally  only  a  few  hours. 

We  have  noted  the  discharge  of  several  eggs  adherent  together,  and  their 
aubeeqiient  attachment  at  the  anal  outiet.  In  other  Botatoria,  likewise,  ova 
expelled  singly  attach  themselves  at  the  posterior  extremity  of  the  body, 
mn^  or  united  together  by  a  gelatinous  matter,  and  not  uncommonly  at- 
tadied  by  evident  cords  or  pedides  to  the  parent.  This  is  seen  in  MegoLo^ 
troduLy  in  BraehionuB  nthenSy  and  in  B.  Pala, 

In  the  speeies  last  named,  as  many  as  ten  may  often  be  seen  in  a  group 
near  the  doacal  orifice.  In  Ascomorpha,  some  six  may  be  found  adherent. 
In  PiUyiarihra  (XXXVIII.  30),  not  more  than  one  egg  is  found  attached  at  the 
mne  time.  Thus  the  eggs  are  carried  about  by  the  parent  one  after  another, 
airiviBg  at  maturity  and  escaping  from  its  shelL  The  like  phenomenon  is  seen 
m  various  Entomostraca,  and  in  Polynoe,  Exogona,  and  other  Yermes,  which 
likewise  produce  both  summer  and  winter  ova.  Among  the  urceolate  Bo- 
tifers,  the  eggs  escape  into  the  case  or  gelatinous  investment,  and  there  jnro- 
eeed  to  their  ultimate  development,  safe  from  many  obnoxious  influences  and 
fhnn  destruction  by  other  animals. 

DxvBLonavT  of  the  Embbto. — The  following  changes  transpire  pre- 
paratory to  the  construction  of  the  embryo.  The  nudeus  is  seen  to  dongate, 
and  thai  to  present  a  constriction  about  its  middle  (XXXYII.  5) ;  the  yelk 
at  the  same  time  shows  a  similar  constriction,  which  continues  to  deepen  in 
eoaoreepondenoe  with  that  of  the  nudeus,  until  at  length  there  are  two  seg- 
ments, each  with  its  contained  nudeus — ^the  result  of  the  fission  of  the  primary 
one.  L^dig  states  that  this  division  is  not  into  two  equal  portions,  but  that 
a  segment  is  cut  off  firom  one  end  or  pole  (XXXYII.  2  6),  and  that  in  the 
eoatimied  segmentation  whidi  ensues,  this  same  unequal  fission  is  again 
and  again  repeated.  However  this  may  be,  the  act  of  division  goes  on 
(XXXYII.  8)  until  at  length  the  whole  yelk  is  broken  up  into  a  mass  of 
miniite  cells,  and  its  opadty  increased  by  the  number  of  molecules  they  con- 
tun  (XXXVU.  2«,  g).  Out  of  this  mass,  the  tissues  and  organs  of  the  em- 
bryo are  developed,  appearing  in  their  characteristic  forms  without  any,  or 
otherwke  very  slight,  transitional  phases  (XXXYn.  2  e,  <2 ;  XXXYIII.  9); 
It  ii  charaeieristic  also  of  Eotatoria,  in  common  with  all  the  Yermes,  that 
Hie  embryo  is  generated  from  the  entire  yelk,  and  not,  as  in  Crustacea  and 
gtin  higher  anmials,  from  an  accessory  body  superposed  upon  the  yelk,  into 
wlueh  the  yelk  is  gradually  taken  up.  Dr.  Carpenter  remarks  that  the  mode 
sf  development  is  in  all  essential  req)ects  the  same  as  that  of  the  Nematoid 
Entosoa,  each  group  of  cells  evolving  some  one  prindpal  organ. 

The  order  of  succession  of  the  parts  of  the  embryo  in  the  egg  is  thus  de- 
■eribed  by  Ehrenberg  in  the  instance  of  the  Megahtroeha  aJho-flaincans : — 
**A  turbtd  central  spot  appears,  which  becomes  the  oesophageal  bulb  and. 
teeth ;  a  lda<^idi  granular  oval  body  is  also  seen  posteriorly  ;  the  eyes  gra- 
dually beoome  red,  and  a  motion  of  the  cilia  of  the  head  is  visible ;  after  some 
[  the  whole  fistns,  which  is  folded  up,  turns  itself  round,  the  shell  bursts. 
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and  the  young  animal  creeps  out."  In  a  speeimen  of  BraMonm  Bakeri  Uie 
first  thing  Mr.  Biightwell  detected  was  a  motion  like  that  <^  the  mnseiilar 
CBSophagos  of  the  parent. 

llie  best  account  we  have  of  the  subject  is  that  given  bj  Prof.  Williamaon 
of  the  Mdicerta  ringens : — "  The  first  trace,"  he  says,  "  of  future  oiganiisa- 
tion  which  presents  itself,  appears  in  the  form  of  a  few  freely  moving  cilia 
....  at  two  points,  one  of  which  corresponds  with  the  future  head,  the  other 
near  the  centre  of  the  ovum. . .  .with  the  cavity  of  the  stomach;  shortly 
after. . . . traces  of  the  central  parts  of  the  dental  apparatus  present  them- 
selves, this,  again,  being  soon  succeeded  by  the  union  of  the  entire  mass  <^ 
yolk-cells,  and  the  formation  from  them  of  the  various  organs  of  the  animal. 
The  cilia  now  plav  very  freely,  especially  at  the  head.  The  creature  twists  itself 
about  in  its  meU. ;  two  red  spote  appear  near  the  head,  whidi  Ehrenbeig  re- 
gards as  oigans  of  vision,  and  along  with  them  a  very  dark-brown  and  scmie* 
what  laiger  spot  is  developed  in  the  integument  near  the  lower  stomach* 
Hie  young  animal  now  bursts  its  shell ; . . . .  and  although  its  eztemal  ap- 
pendages (XXXyn.  15),  and  especially  the  rotatory  organs  are  imperfectly 
developed  or  unexpanded,  yet  the  whole  of  its  internal  oiganixation,  though 
but  obscurely  seen,  is  nevertheless  that  of  the  perfect  animal,  and  not  that  of 
the  larval  state."  _  

In  the  embryo  animal,  whilst  within  the  egg  (XXXYII.  2  k),  as  well  as 
for  a  short  time  after  its  escape  (XXXYII.  3,  4  6),  Leydig  finds  in  most  Ro- 
tatoria the  collection  of  black  or  dark-brown  particles  dose  upon  the  oloaoa 
(XXXYIU.  7,  8, 9),  which  has  been  described  in  the  seetum  on  Seeretioii* 
as  a  supposed  mass  of  urinary  concretions. 

The  period  occupied  in  the  development  of  the  embryo  differs  in  diffenoii 
spedes.  Ehrenberg  stated  that  in  ffydatina  Mnto,  deven  hours  after  the 
deposition  of  a  complete  ovum,  vibration  of  the  anterior  dlia  was  visible,  and 
in  24  hours  the  young  being  escaped  frcun  its  shell.  Mr.  Bri^twell,  in  hk 
notice  of  BraehiinuM  Bakeri^  states  that  **  about  2  o'dock  the  animal  was  ob- 
served with  one  egg  placed  externally  between  the  two  posterior  spiBOB  of 
the  shell,  and  another  small  egg  in  the  left  side  of  the  animal,  which  inereaeed 
much  in  sixe  in  the  course  of  the  day ;  at  9  in  the  evening  a  motion  was  per- 
odved  in  the  exterior  egg  like  that  of  the  muscular  oesophagus  of  the  parent; 
and  about  this  time  th^  internal  egg  was  protruded  and  pkeed  by  the  side  of 
Ihe  other,  being  longer  than  it  At  II  the  young  BraMawM  burst  with  a 
bound  from  the  egg  in  which  the  motion  was  perodved,  and  affixed  itaelf  by 
its  taiL" 

The  ^[g-shdl  splits  open,  longitudinally  or  transversdy,  to  give  exit  to  the 
young  animaL  lliis  seems  brought  about  by  the  active  movements  of  the 
embryo  itself,  which  sometimes  bursts  (as  Brightwell  says)  with  a  bound  or 
roring  from  its  prison.  Where  the  ^;gs  have  been  attached,  the  empty  fissured 
dbidl  continues  still  adherent  for  a  time,  until  by  the  movements  of  the  parent, 
or  by  some  accident,  it  is  detached. 

llie  variation  among  different  Eotatoria  in  the  stage  of  devd<^mient  in 
which  the  ovum  is  found  when  it  quits  the  ovary,  or  when  it  is  expeQed  from 
the  body,  has  been  already  remarked ;  but  additional  illustrations  are  desixa- 
ble.  In  the  greater  number,  the  egg  is  laid  just  before  or  very  soon  after 
the  proeess  of  segmentation  of  the  ydk  commences ;  f(Hr  exam{de,  in  MeU- 
certttf  Lacinularia,  and  Brcuikumui.  In  many  genera  the  ovum  conthnies  in 
the  oviduct,  the  ovisac,  or  the  doaca,  or  otherwise  remains  within  the  ovary 
itself  until  the  embryo  is  complete  and  even  free.  Examples  of  tins  are  found 
in  StephanoceroSf  Actinurus,  in  BoHfer,  and  in  Notommata  SyrinXy  N.  Sie^ 
boldii,  and  in  Aiplanchna.     In  Botifer,  Ehrenberg  remarks  that,  in  the  ova- 
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riumy  four  or  fiye  ova  sametbneB  so  completely  develqpe  themselveSy  that  the 
yoong  creep  out  of  their  envelopes^  in  which  thej  were  coiled  up  in  a  spiral 
maimer,  extend  themselvesy  and  put  their  wheels  into  motion  while  within 
it ;  and  they  sometimes  oconpy  two-thirds  of  the  bulk  of  the  parent.  So 
Kr.  Goese  tdls  us  that  in  Asplan^ma  *^  the  ovum  produces  the  living  young 
in  the  ovisac,  which,  when  matured,  occupies  the  whole  lower  part  of  the 
parent."  The  occurrence  of  embryos  free  within  the  saccular  ovary  of  Ste-t 
phanoeeras  (and  still  more,  if  as  some  have  thought,  they  detected  them  loose 
in  the  general  cavity  of  the  body)  forms  another  bond  of  affinity  between  this 
aberrant  genus  of  Eotatona  and  the  Bryozoa.  Where  the  young  in  general 
quit  the  parent  in  a  free,  and  so  far  perfect  form  as  to  be  able  to  lead  at 
oDoe  an  independent  existence,  the  animals  may  be  said  to  be  viviparous 
(producers  of  living  young).  This  viviparousness  (viviparity)  is  still  more 
pronoonced  in  some  Philodincea  and  in  Albertia,  in  which  ihe  formation  of 
an  actual  egg-shell  seems  to  be  omitted,  and  the  developed  embryo  to  be  at 
once  liberated  within  the  sac  of  the  ovary,  where  it  may  be  seen  in  active 
movement. 

Ths  Exbbto  Mstamobphosis. — ^It  has  already  been  remarked,  generally, 
that  the  embryo  on  emerging  from  the  egg  has  all  the  characters  of  its  dass, 
and  is  complete  in  its  internal  organisation ;  that  any  dissimilarity  between 
the  new-bom  and  the  adult  animal  is  due,  not  to  the  absence  of  parts  or 
oigana,  but  to  their  lesser  growth  and  their  imperfect  expansion  or  evolution. 
In  other  words,  the  Rotatoria  undergo  no  positive  metamorphosiB ;  they  pass 
through  no  intermediate  phases  of  existence,  no  larval  form  resembling  that 
of  any  Protozoa,  in  advancing  from  the  embryonic  to  the  complete  and  per- 
fect condition. 

Le  jdig  does  not  partake  this  opinion,  but  thinks  that  a  metamorphosiB  is 
exhibited  in  the  course  of  development  of  most  or  all  Eotatoiia,  certainly  not 
complete,  but  still  sufficient  to  advance  it  as  a  phenomenon  of  the  class.  He 
qieoally  adduces  the  instance  of  the  embryo  of  Stephanocercs,  as  the  most 
striking  proof  (XXXVII.  8,  4),  and  he  adds  that,  if  the  representation  by 
Ehienbei^  of  the  young  of  Triarthra  longiseta  be  correct,  the  i&dt  of  a  meta-* 
morphoais  must  be  recc^^iized  also  in  that  genus.  Again,  he  notes  the  great 
difBnence  between  the  newly-born  and  the  adult  animals  in  several  genera, 
e.  g,  in  Tubicohria  and  MeUeerta,  where  the  ciliary  wreath  is  still  veiy 
ample,  and  the  absence  of  the  tentacles  (antennae)  suffidenUy  notabk 
(XXXVn.  15)  to  raider  the  subsequ^it  modifications  an  act  of  metamor- 
phoeu.  Moreover,  the  disappearance  of  the  bundi  of  cUia  in  the  young  stato 
at  the  end  of  the  pseudopodium,  and  likewise  that  of  the  coloured  eye-specks 
in  maay  genera,  when  the  adult  condition  is  attained,  are  also  indications  of 
the  same  phenomenon. 

The  advocacy  <^  this  opinion  was  especially  incumbent  upon  I^dig,  in 
ovder  to  famish  an  additional  aigument  in  favour  of  the  affinity  <^  the  Bota- 
toria  with  the  Crustacea.  But  even  were  the  evidences  of  metamorphoeui 
among  the  Botifera  as  complete  as  he  represents,  they  would  serve  his  pur- 
pose, of  demonstrating  the  affinity  he  advocates,  but  Httle,  seeing  that  the 
uunatore  Botatoria  have  no  real  resemblance  to  the  larval  Crustaoeans  with 
their  three  pairs  of  jointed  feet.  Ck)hn  (Siebold's  Zeiis^.  1855,  p.  481)  baa 
diacossed  t^  question,  and  surmises  that  the  peculiar  embryo  of  SUphanO" 
eer^Sy  which  Leydig  cites  as  the  strongest  instance  of  an  act  of  metamor- 
phoaia,  is  a  male  being  (XXXYII.  3).  As  to  the  other  supposed  instances,. 
Oohn  disproves  its  occurrence  in  Braehtonus,  and  considers  ihe  disappearance 
rf  the  eyespe6k  in  Tuineolaria  and  Mdieerta  too  trivial  a  circumstance  to, 
urge  in  ita  support. 
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Perty  aeeniB  struck  by  the  considerable  Yaiiations  in  form  between  many 
embryo  and  adult  Botatoria,  and  enunciates  the  opinion  that  many  supposed 
perfect  forms  are  no  other  than  embryonio  conditions, — ^for  example,  Oleno- 
phora  TrochuB,  Monoeerca  valga,  Notommata  Felis,  and  Cycloglma  eU^ems, 
We  do  not  understand  whether  he  believes  in  a  metamorphosiB,  or  if  he 
would  simply  state  that  Ehrenberg  unnecessarily  multiplied  genera  and  spe- 
cies by  describing  immature  beings  as  distinct  forms.  If  the  latter  be  all 
that  Perty  intends,  we  entirely  concur  with  him. 

It  IB  necessary  to  detail  the  form  and  structure  of  some  embryo  Eotifera, 
to  illustrate  tiie  preceding  statements.  The  embryo  of  8tephanocero9 
(XXXVn.  3,  4)  is  thus  described  by  Leydig :— "  It  has  in  general  a  vermi- 
cular figure.  The  head,  which  supports  tihe  eyes,  is  separated  from  the  tronk 
by  a  well-marked  constriction,  and  is  furnished  with  long  dlia.  The  head 
and  dlia  are  retractile.  The  red  specks  (two  in  number)  appear  actually  to 
be  of  the  nature  of  eyes ;  they  have  a  sharp  outline  and  are  slightly  concave 
in  front,  as  if  a  refiicting  body  was  there  seated.  Within  the  abdominal 
cavity  behind  the  head,  a  peculiar  striation  is  observable,  the  purpose  of 
which  I  cannot  imagine ;  fdrther  backward  is  a  dear  space  in  which  long 
cilia  are  seen  in  activity,  and  which  indicates  the  cavity  of  the  alimentary 
eanaL  Moreover,  the  maxillary  apparatus,  and  the  special  veside  containing^ 
the  inorganic  partides  (urinary  concretions)  are  perceptible.  The  termina- 
tion of  file  body  bears  some  delicate  vibratile  cilia."  Beyond  ttiis  phase  of 
devdopment,  the  embryo  does  not  advance  in  the  egg,  but  after  bdng  hatdied, 
it  would  seem  to  assume  another  intennediate  form  before  arriving  at  the 
adult  state.  Leydig  found,  in  water  containing  StephanoceroSy  a  young 
ftTiimfti  still  possessing  in  some  measure  the  previous  vermiform  figure  and 
apparent  articulation  of  the  trunk  and  foot,  and  a  probosds-like  head  with 
four  projecting  anus.  The  eye-specks  were  still  present.  From  the  trunk- 
like process  of  the  head,  two  considerable  tubidar  appendages  were  oat- 
stretched,  ciliated  at  the  extremities :  the  dlia  on  the  end  of  the  foot-prooess 
had  disappeared^  but  were  very  evident  in  the  abdomen,  near  to  the  sac  con- 
taining ike  inorganic  partides.  The  mandibular  apparatus  had  the  r^folar 
structure.  He  frequently  encountered  also  another  variety,  which,  together 
with  the  figure  of  the  perfect  animal,  had  five  arms,  but  was  without  any 
apparent  sexual  organs,  while  the  foot-process  and  the  whole  body  were 
strewn  with  numerous  &t-globules. 

We  will  now  continue  the  description  (see  p.  446),  by  Prof.  Williamson,  of 
the  embryo  of  Melicerta  after  escaping  the  egg-e^ell.  He  writes — *^  The 
young  MeUceria  stretches  itself  out,  and,  everting  the  anterior  part  of  its 
body,  unfolds  several  small  projecting  mammillflB  covered  with  large  dHa,  by 
means  of  which  it  floats  fr^ly  away  (XXXYII.  15, 16).  These  mammillae 
are  in  this  stage  not  unlike  those  of  Notommata  elavulata,  but  they  soon  en- 
large and  become  devdoped  into  the  flabelliform  wheel  organs  of  the  mature 
animals.  The  dental  apparatus  is  now  frdly  developed ;  the  alimentary  canal 
and  muscular  fasciculi  are  all  present, — only  the  epitheUal  cells  of  the  former 
have  not  as  yet  obtained  their  yellow  granular  contents ;  consequently  the 
viscera  exhibit  the  same  hyaline  aspect  as  the  rest  of  the  organism.  The  two 
red  specks  are  imbedded  in  two  of  the  mammiUsB.  After  swimming  about 
tor  some  time  like  other  free  Rotifera,  the  animal  undergoes  frirther  changes. 
The  dark-brown  spot  is  the  first  to  disappear ;  and  soon  after,  the  two  pink 
ones  oease  to  be  visible.  The  animal  attaches  itsdf  by  the  tail  to  some  fixed 
support,  and  developes  from  the  skin  of  the  posterior  portion  of  its  lK>dy  a 
thm  hyaline  cylinder,  the  dilated  extremity  of  which  is  attached  to  the  sup- 
porting object.     The  formation  of  the  case  is  now  begun ;  the  first-formed 
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spheroidal  or  tentacular  partidee  aie  arranged  in  a  ring  round  the  middle  of 
the  body,  and  appear  to  have  some  internal  connexion  with  the  thin  mem- 
branous cylinder.  At  first,  new  additions  are  made  to  both  extremitiee  of 
the  enlarging  ring ;  but  the  jerking  contractions  of  the  animal  at  length  force 
the  caudal  end  of  the  cylinder  down  upon  the  leaf,  to  which  it  becomes  se- 
curely cemented  by  the  same  viscous  secretion  as  causes  the  little  spheres  to 
cohere.  All  the  new  additions  are  now  made  to  the  free  extremity,  which, 
as  Ehrenberg  remarks,  never  extends  beyond  the  level  of  the  doacal  aper- 
ture of  the  outstretched  animal.  In  the  new-bom  being,  therefore,  the  parts, 
as  in  the  adult,  are  all  present ;  they  only  require  to  be  expanded  by  the 
ordinary  process  of  growth." 

Mr.  Ghwse's  accoimt  of  a  newly-hatched  MeUeerta  implies  a  greater  aber- 
ration  of  form  than  that  narrated  by  Prof.  Williamson.  He  states  that 
*'  its  form  is  trumpet-shaped  like  that  of  SterUor,  with  a  wreath  of  cilia 
around  the  head,  interrupted  at  two  opposite  points.  The  central  portion  of 
the  head  rises  into  a  low  cone."  After  various  movements  and  gyrations  for 
an  hour,  the  young  animal  settled  itself,  and  the  form  of  the  adult  became 
manifest :  **  the  four  petals  of  the  disk  were  well  made  out,  though  the  sinu- 
ositiee  were  yet  shallow ;  the  antennae  at  first  were  only  smaU  square  nipples, 
but  soon  shot  out  into  the  usual  form ;  the  ciliated  chin  was  distinct,  as  was 
also  the  whirling  of  the  pellet-cup  inmiediately  beneath  it." 

We  are  indebted  to  Mr.  Hu:dey  for  an  elaborate  description  of  the  young 
of  La4sinMlaria  soeiaUs  (XXXYII.  10,  11).  « The  youngest  foetuses,"  he 
writes,  ^'  are  about  J^th  of  an  inch  in  length.  The  head  is  abruptly  trun- 
cated, and  separated  by  a  constriction  from  the  body ;  a  sudden  narrowing 
separates  the  other  extremity  of  the  body  from  the  peduncle,  which  is  ex- 
ceedingly short  and  provided  with  a  ciliated  cavity,  a  sort  of  sucker^  at  its 
extremi^.  The  head  is  nearly  circular  seen  from  above,  and  presents  a  central 
protuberance,  in  which  the  two  eye-spots  are  situated.  The  margins  of  this 
protuberance  are  provided  with  long  cilia ;  it  will  become  the  upper  cirdet 
of  ciHa  in  the  adult.  The  margin  of  the  head  projects  beyond  this,  and  ia 
fringed  with  a  cirdet  of  shorter  ciHa  in  the  adult.  The  internal  organs  are 
perceived  with  difficulty ;  but  the  three  divisions  of  the  alimentary  canal, 
which  is  as  yet  straight  and  terminates  in  a  transparent  cloaca,  may  be 
readily  made  out.  The  water-vascular  canals  cannot  be  seen ;  but  their  pre- 
sence is  indicated  by  the  movement  of  their  contained  cilia  here  and  there. 

*^  In  young  Laciwularice  ^th  of  an  inch  in  length,  the  head  has  become 
triangular ;  the  pedunde  is  much  dongated,  and  it  gradually  takes  on  the 
perfect  form.  The  young  had  previoudy  crept  about  in  the  gelatinous  in- 
vestment of  the  parents ;  they  now  begin  to  **  swarm,"  uniting  together  by 
their  caudal  extremities,  and  are  readily  pressed  out  as  united,  free,  swim- 
ming colonies,  resembling  in  this  state  the  genus  ConochUus.^* 

Mr.  Brig^twell  gives  the  appended  brief  account  of  the  Brachionua  BaJeeri 
on  its  escape  from  the  egg : — ^' At  first  it  had  the  appearance  of  an  oblong 
ball ;  by  degrees  the  anterior  part  spread,  and  the  wheel  processes  were  de- 
veloped. Soon  after,  the  posterior  shell  (lorica)  processes  were  visible  in  a 
semilnnar  shape,  with  the  points  nearly  touching  each  other,  which  gradually 
expanded." 

These  examples  are  suffident  to  illustrate  the  general  character  of  embryo 
Botatoria  and  their  progressive  assumption  of  the  adult  form  ;  they  more- 
over furnish  evidence  of  the  doctrine  that  there  is  no  metamorphosis,  or 
transformation,  in  the  proper  sense  of  the  word — no  change  but  what  is  expli- 
cable by  the  ordinary  laws  of  growth,  or  progresdve  expanmon  or  evolution. 
Ehrenberg  has  announced  it  as  a  fact  {Monatsb.  d,  Berl.  AJcad,  1853,  p.  532), 
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that  Botifera  found  at  great  altitudes  among  snow  do  not  attain  a  complete 
development,  but  retain,  as  he  expresses  it,  an  ovate  contracted  figure  within 
an  egg-like  envelope  or  capsule,  through  which  food  reaches  them  by  a 
funnel-shaped  canal.  All  the  functions  of  life  he  represents  to  go  <m  as 
usual  under  these  peculiar  conditions  of  existence,  induing  the  deposition  and 
hatching  of  eggs.  This  account  reads  like  a  description  of  an  encysting- 
process  in  the  first  degree— that,  viz.,  for  self-defence  and  preservation — 
such  as  is  illustrated  in  the  formation  of  an  open  sheath  around  StentWTy  as 
stated  by  Gohn  (see  p.  284). 

Contents  and  Development  op  Winter  Ova. — ^The  contents  of  **  winter  ** 
widely  differ  from  those  of  *'  summer  "  ova.  Mr.  Goese  gives  the  following 
account  of  those  of  Mdicerta  ringens.  He  writes — "  Opening  one  or  two 
cases  (urceoli),  I  find  one  and  another  very  curious  ^;g-like  bodies,  not  sym- 
metrical in  shape,  being  much  more  gibbous  on  one  side  than  the  c^posite, 
and  measuring  y^th  by  ^^th  of  an  inch.  Each  was  encirded  by  five  or 
six  raised  ribs  running  parallel  to  each  other  longitudinally,  somewhat  like 
the  varices  of  a  w«itie-trap :  viewed  perpendicularly  to  the  ribs,  the  form 
is  symmetrical — a  long  narrow  oval.  The  whole  surface  between  the  ribs 
appeared  punctured  or  granulate,  and  the  colour  was  a  dull-brownish  yellow. 
Under  pressure  it  was  ruptured,  and  discharged  an  infinity  of  atoms,  of  an 
excessive  minuteness,  but  every  one  of  which  for  a  few  seconds  diiqdajed 
q)ontaneous  motion.  Their  whole  appearance,  and  the  manner  in  which 
they  presently  turned  to  motionless  disks,  were  exactly  the  same  as  the 
spermatozoa  which  the  male  eggs  of  other  Botifera  contain,  except  that 
these  were  so  minute." 

Mr.  Dalrymple  describes  similar  peculiar  ova  in  Notommata  (Agpkmehm) 
to  consist  of  an  aggregation  of  cells  and  of  pigment-granules,  without  a  dis- 
tinguishable germinal  vesicle. 

The  most  complete  and  satisfactory  account  of  the  structure  and  develop- 
ment of  the  winter  ova  is  supplied  by  Prof.  Huxley  in  his  Histary  of  Lad- 
nularia  {T.  M.  8,  1852,  vol.  i.) ;  we  will,  however,  pre&ce  it  by  Leydig's 
description.  We  learn  from  this  writer  that  in  winter  ova,  a  space  filled 
with  fluid  usually  intervenes  between  the  yelk  at  each  pole  or  end  of  the 
egg,  and  the  ioner  shell,  as  in  Tuhicolaria,  and  that,  according  to  Weisse'i 
observation  of  Braehlowue  ureeolcmi,  the  outer  shell,  when  the  embryo  is 
ready  to  come  forth,  springs  open  in  a  valvular  or  a  lid-like  manner.  The 
central  portion  of  the  yelk  has  a  darker  and  more  granular  appeaxanoe,  and 
is  surrounded  by  a  clearer  peripheral  or  cortical  lamina,  as  in  Braekumm 
Bakeri,  Notommata  MyrmeUo,  and  N,  cmtrura.  Intermingled  with  the  yelk- 
molecules  are  numerous  clear  vesicles,  and  oftentimes  fat-particles ;  moreover, 
the  yelk  of  Notommata  SMoldU  has  a  yellowish-red  colour  (XX  XVII.  27, 28). 
These  "  lasting  ova,"  as  Ehrenberg  has  otherwise  named  them,  are  always 
developed  externally  to  the  animal.  like  the  summer  eggs,  they  are  fre- 
quently earned  about  by  the  parent ;  it  would  not  seem,  however,  that  they 
ev^  accumulate  in  groups  about  ike  cloaca,  but  that  mostly  ^e  egg  'a 
solitary,  and  that  two  or  three  are  of  rare  occurr^ice.  Thus  in  Brackiomis 
BaJceri  and  in  AscomorpTia  never  more  than  one  is  present,  in  BraMoma 
ruhens  a  couple.,  ^re  occasionally  noticed,  and  in  Notommata  Sidnddii  the 
highest  number  seen  was  three. 

Concerning  the  changes  ensuing  on  development,  Leydig  states  that,  "on 
the  formation  of  a  membrane  around  the  commencing  ovum  in  ihe  ovary, 
the  peripheral  portion  of  the  ydk  exhibits  numerous  dear  spots,  which  recall 
the  appearance  of  the  small  cells  originating  f^m  repeated  fission  of  tiie 
yelk  of  the  summer  ova.    From  this  we  may  conclude,  either  that  the  germi- 
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nal  vesicle  may,  by  repeated  fission,  resolve  itself  into  numerous  dear  vesioles, 
without  any  farther  change,  except  that  of  an  attendant  grouping  of  the  yeUc- 
particles  about  the  products  from  the  germinal  vesicle,  or  that  perhaps  the 
winter  eggs,  at  their  origin  in  the  ovary,  enclose  a  number  of  nuclei  (germinal 
vesicles)  unlike  other  ova,  which  never  commence  with  more  than  one  nucleus 
(germinal  vesicle).  If,"  continues  Leydig,  **  I  rightly  understand  Huxley, 
this  is  the  manner  of  development  of  the  winter  ^gs  of  Lcuinvlaria  $odaUs ; 
and  the  bisection  into  two  equal  halves,  which  I  formerly  referred  to  fission, 
has,  according  to  this  writer,  no  relation  to  it/' 

Bespecting  this  description,  Prof.  Huxley  remarks  that  he  thinks  Leydig 
*'  has  not  observed  the  genesis  of  the  ephippial  ova  with  sufficient  care,  and 
he  thence  interprets  their  structure  by  supposing  that  they  are  ordinarily 
fecundated  ova,  which  have  undergone  a  peculiar  method  of  cleavage ;"  and 
having  quoted  the  opinion  of  other  naturalists,  he  goes  on  to  say — **  it  will  be 
observed  that  all  these  authors  consider  the  winter  or  ephippial  ova  and  the 
or^nary  ova  to  be  essentially  identiecil,  only  that  the  former  have  an  outer 
ease.  The  truth  is,  that  they  are  essentially  different  structures.  The  true 
ova  are  single  cells  whidi  have  undergone  a  special  development ;  the  ephip- 
pial ova  are  aggregations  of  cells  (in  fact,  lai^r  or  smaller  portions — some- 
times the  whole  of  the  ovary)  which  become  enveloped  in  a  shell  and  simulate 
true  ova« 

<<  In  a  fdlly-grown  Lctdnularia  which  has  produced  ova,  the  ovary  or  a 
large  portion  of  it  begins  to  assume  a  blackish  tint  (XXXYII.  22) :  the  cells, 
with  their  nuclei,  undergo  no  change ;  but  a  deposit  of  strongly-refracting 
elementary  granules  takes  place  in  the  pale  connecting  substance.  Every 
transition  may  be  traced,  from  deep-black  portions  to  unaltered  spots  of  the 
ovarium ;  and  pressure  always  renders  the  cells,  with  their  nuclei,  visible 
among  the  granules.  The  investing  membrane  of  the  ovary  becomes  sepa- 
rated from  the  dark  mass,  so  as  to  leave  a  space  (XXXYH.  24) ;  and  the 
outer  sur&ce  of  the  mass  invests  itself  with  a  tiiick  reddish  membrane,  which 
is  tough,  elastic,  and  reticulated  from  the  presence  of  many  minute  apertures. 
This  membrane  is  soluble  in  both  hot  nitnc  acid  and  caustic  potassa. 

^  The  nudei  and  cells,  or  rather  the  clear  spaces  indicating  them,  are  still 
visible  upon  pressure,  and  may  be  readily  seen  by  bursting  the  outer  coat. 

'<  By  degrees  the  ephippial  ovum  becomes  lighter,  until  at  last  its  colour  is 
reddish-brown,  like  that  of  the  ordinary  ova ;  but  its  contents  are  now  seen  to 
be  divided  into  two  masses,  hemispherical  from  mutual  contact  (XXXYII. 
21).  If  this  body  be  now  crmhed,  it  will  be  found  that  an  inner,  structure- 
less membrane  exists  within  the  fenestrated  membrane,  and  sends  a  partition 
inwards,  at  the  line  of  demarcation  of  the  two  masses.  The  contents  are 
precisely  the  same  as  before,  viz.  nuclei  and  elementary  granules.  This, 
indeed,  may  be  seen  tiirough  the  shell  without  crushing  the  case. 

<<  I  was  unable  to  trace  the  development  of  these  ephip|»al  ova  any  further. 
Those  of  NoUmmata,  it  appears,  lasted  for  some  months  without  change  (Bal- 
rymple). 

**  It  is  remarkable  that  in  Lcuinularia  these  bodies  eventually,  like  the 
ephipxaum  oiDt^hnia,  contain  two  ovum-like  masses ;  and  there  can,  I  think, 
be  little  doubt  that  the  former,  like  the  latter,  are  subservient  to  reproduction. 

<<  There  are  two  kinds  of  reproductive  bodies  in  Laemtdaria : — ^1.  Bodies 
which  resemble  true  ova  in  their  origin  and  subsequent  development,  and 
which  possess  only  a  single  vitellary  membrane.  2.  Bodies  half  as  large  again 
as  the  forgoing,  which  resemble  the  ephippium  of  De^phma,  like  it  having  ^ 

altogether  three  investments,  and  which  do  not  resemble  true  ova,  either  in    ^        / 
tiicir  origin  or  subsequent  development;  which,  therefore,  probably  do  not 

2o2 
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require  fecundation,  and  are  thence  to  be  considered  as  a  mode  of  asexual 
reproduction." 

The  multicellular  character  of  the  contents  of  these  *  ephippial '  ova,  Cohn 
is  unable  to  confirm.  In  his  very  valuable  essay  on  the  **  Development  of 
Botatoria ''  (Zeitschr.  IS55),  this  able  observer  has  promulgated  the  hypothesis 
of  the  occurrence  of  the  phenomenon  of  **  alternation  of  generations,"  of  par- 
thenogenesis or  virgin-development.  A  resume  of  the  reasons  for  this  view 
may  stand  thus : — ^Female  Botifera  lay  ^;gs  of  only  one  sex ;  and  winter  eggs 
are  produced  only  by  certain  females  and  at  certain  periods— oontOTiporane- 
ously,  that  is,  with  the  generation  of  males :  again,  the  males  are  too  few  to 
impregnate  tiie  whole  of  the  apparent  female  beings,  which  are  so  largely 
found,  and  always  replete  with  ova  in  course  of  development,  at  all  seasons. 
The  conclusion,  therefore,  forces  itself  upon  us  that  the  common  *^  summer  " 
ova  are  produced  within  the  parent  animal  without  any  antecedent  g^iera- 
tive  act  or  impregnation  ;  that  is,  in  other  words,  they  are  asexual  products  or 
germs.  If  this  be  true,  it  follows  that  the  beings  producing  them  are  not 
true  females,  but  merely  asexual  nurses  ( Ammen),  fiunished  with  a  germinal 
mass,  but  destitute  of  a  real  ovary,  and  not  demanding  the  action  of  the  male 
for  the  development  of  its  germinal  elements.  On  the  other  hand,  the 
**  winter  "  must  be  considered  the  true  ova,  and  the  beings  producing  them 
the  only  true  females,  furnished  with  an  ovary,  to  which  the  energy  of 
the  spermatozoa  of  the  male  is  necessary.  But,  notwithstanding  these  phy- 
siological differences,  the  mere  nurses  and  the  actual  female  Botifera  are  in- 
distinguishable in  structure.  In  illustration  of  this  hypothesis,  its  analogy 
with  what  occurs  in  Aphis,  Daphnia,  and  Artemiaf  may  be  quoted. 

Of  the  rate  of  development  of  these  winter  ^;gs,  we  know  Uttle.  Huxley's 
account  would  render  it  a  final  act,  involving  the  sacrifice  of  a  large,  or  even 
of  the  largest,  part  of  the  ovary,  and  consequently  one  whidi  we  cannot  sap- 
pose  capable  of  frequent  repetition.  Leydig  has,  indeed,  an  observation  whidi, 
if  accurate,  proves  a  rapid  reproduction  of  such  ova  by  the  ovary.  He 
informs  us  he  observed  an  isolated  individual  of  Notommata  MyrmtiUo  lay 
the  solitary  bristle-shelled  winter  ovum  which  its  oviduct  contained  about 
12  o'clock  in  the  day ;  and  on  renewing  his  researches  at  3  in  the  afternoon, 
discovered  another  such  egg  completely  formed  in  the  ovary. 

This  author  recounts  also,  in  his  history  of  Notommata  Sieboldii,  the  following 
particulars,  which,  if  confirmed,  would  prove  the  formation,  whether  of  winter 
or  of  summer  ova,  to  be  determinable  by  accidental  exteiiial  dreumatances : 
— **  When  I  kept  the  Notommata  for  some  days  in  clear  water  containing  no 
nutriment,  the  ovary  shrivelled,  the  granular  mass  (yelk)  altogether  vanished, 
the  germinal  vesicles  became  simple  bodies,  and  all  such  individuals  produced 
only  winter  eggs." 

That  the  Botatoria,  on  the  approach  of  winter,  are  likely  to  be  placed  under 
conditions  in  whidi  food  is  scarce,  and  which  are  unfavourable  to  vigorous 
life,  is  at  once  admissible,  and,  if  Leydig's  observation  be  correct,  furnishes 
an  explanation  of  the  generally  apparent  limitation  of  the  production  of 
winter  ova  to  that  season.  Be  this  as  it  may,  the  winter  ova  must  be  re- 
garded as  indicating  the  conservative  tendency  of  nature  in  providing  for  tiie 
continuance  of  the  species  by  organisms  so  constructed  as  to  endure  the 
severity  of  the  winter  season,  and  to  retain  a  dormant  vitality  through  it, 
until  the  genial  infiuence  of  spring  awakens  them  into  activity  and  life. 

Fecuhditt  of  Botatobia. — ^Although  the  Botatoria  are  not  endowed  with 
the  various  faculties  of  reproduction  possessed  by  the  Protozoa,  yet  their  vast 
increase  by  eggs  only  is  astonishing.  Ehrenbeig  wrote  that  he  insulated 
a  single  specimen  of  Hydatina  senta,  and  kept  it  in  a  separate  vessel  for 
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eighteen  days,  that  during  this  interval  it  laid  four  eggs  per  da^^  and  that 
the  young  of  tiieee,  at  two  days  old,  lay  a  like  number.  From  these  data  he 
made  an  erroneous  calculation,  that  one  million  indiyiduals  may  be  obtained 
from  one  specimen  in  ten  days,  that  on  the  eleventh  day  this  brood  would 
amount  to  four  millions,  and  on  the  twelfth  day  to  sixteen  millions. 

This  is  the  <mly  direct  observation  we  have  met  with  intended  to  prove 
the  remarkable  fertility  of  the  class,  yet,  throughout  the  history  of  the 
Eotifera  now  detailed,  numerous  incidental  illustrations  of  the  &ct  occur, — 
for  example,  the  presence  of  several  ova  in  different  parts  of  the  sexual 
apparatus,  in  various  stages  of  development,  and  the  observed  rapidity  of  the 
pluses  of  development,  at  least  of  summer  ova. 

The  latter  continue  to  be  formed  and  deposited  throughout  the  whole  of 
the  warm  part  of  the  year ;  and  when  this  draws  to  its  close,  the  production 
of  the  winter  ova  provides  for  the  continuous  propagation  of  the  species. 

Ehr^ibeig,  in  his  specific  descriptions,  notes  the  number  of  ova  he  met 
with  at  the  time  of  observation,  intimating  that  some  animals  bring  forward 
but  one  egg  at  a  time,  others  two  or  seyeial. 

There  is,  very  probably,  a  difil^renoe  in  the  productiyeness  of  various  species ; 
but  differences  in  this  respect  will  also  occur  from  accidental  and  external 
dreumstances,  such  as  abundance  of  food,  and  changes  of  temperature. 

MAUB  BOTATOBIA  AND  MALE  BSPBODUCTIVE  OBOAKS.      QUX8II0H  OP  MALX 
AND  FEXALB  OBOANS  IK  THE  SAME  OfDlYIDUALS. 

MciU  Eotataria, — ^Few  male  Botatoria  have  as  yet  been  determined.  Those 
decLnyely  made  out  are  those  of  Aaplanehna  BrighhveUit  (Noiommata  angUea, 
Balrymple),  ABpla/tuihnapriodfmta  and  A,  Bowetii  (Goese),  and  the  NoUmmata 
SUboldii  (Ley<hg).  This  able  German  observer  argues  also  that  EnteropUa 
Hydatma  is  the  male  of  Hydatina  serUa,  NoUnnmata  granularis  that  of  N. 
Bracluonua,  and  Diglena  ^anUlaris  that  of  Diglena  eaUlUna.  Since  this  was 
written,  Cohn  has  pursued  the  inquiry,  and  confirmed  Leydig's  conjecture, 
that  EnteropUa  Hydatma  (£hr.)  is  the  male  of  Hydatina  smta.  He  has 
miM^over  discovered  the  males  of  two  other  species,  viz.  of  Brachionus  urceo- 
laris  and  Br,  mUUaris.  Still  more  recentiy,  Leydig  has  been  able  to  confirm 
his  belief  of  EnteropUa  Hydatina  being  the  male  of  Hydatina  tenia  (MidUr^s 
Arekiv,  1857,  p.  404) ;  and  Cohn  has  discovered  the  males  ofEuehlanis  dilatata 
and  Notommata  Patxuitus  (Zeitschr.  1858,  p.  284).  Meanwhile  Mr.  Gosse 
had  discovered  the  male  animals  and  their  eggs  in  the  undermentioned  genera 
and  species : — BraefUonus  Pala,  B.  ruhens,  B.  amphieeroSf  B,  Bakeri,  B.  angu- 
laris,  B.  Dorcas,  B,  MuLUri,  Saceuhis  viridis,  Polyarthra  platyptera,  Synchcuta 
trenwla  (?),  and  in  all  probability  MeUcerta  ringens,  besides  the  three  species 
iji  Asplanehna  previously  determined  (Phil.  Trans.  1856). 

The  first  male  discovered  was  that  of  Asplanchna  BrighiweUii,  then  sup- 
posed to  be  a  species  of  Notommata,  and  is  thus  described  by  Mr.  Brightwell 
(A,  N.  H.  1848,  ii.  p.  165) :— It  is  "  about  half  the  sixe  of  the  female,  and 
differs  from  it  in  form,  being  much  shorter  and  of  a  rude  triangular  shape. 
It  is  more  difficult  to  detect  than  the  female,  being  exceedingly  transparent, 
and,  frt>m  the  emptiness  of  the  body,  appearing  litUe  more  than  a  transparent 
dilated  bubble.  It  is  very  active,  and  occasionally  pufife  out  the  sides  of  its 
body,  so  as  entirely  to  alter  its  form,  and  remains  thus  distended  some  time." 
There  was  no  indication  of  any  digestive  apparatus,  or  of  matters  in  course 
of  digestion. 

'^  At  the  bottom  of  the  body,  on  one  side,  is  a  conspicuous  round  sperm- 
vessel  or  testis,  in  which,  under  a  high  power,  spermatozoa  in  active  vibra- 
tik  motion  may  be  seen,  and  at  its  external  side  a  duct,  closed  by  distinct 
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lateral  muscles.  Connected  with  the  testis  is  a  wdl-defined  intromittent 
oi;gfm^  foid  m  conspicuous  passage  or  opening  for  its  extension  from  the  body 
«f  the  animal.  In  the  opposite  lower  angle  are  three  small,  irregolaily- 
formed,  kidney-shaped  bc^es,  connected  with  an  angular  lobe  or  muscle 
lying  beneath  them.  The  male  is  also  furnished  wi^  the  delicate  mem- 
branous plicated  bag,  and  rudiments  of  the  curled  tubular  structure,  found 
in  the  female.'' 

Besides  determining  the  diodcious  character  of  this  Botifer,  Mr.  BrightweQ 
was  also  enabled  to  repeatedly  verify  the  occurrence  of  an  actual  coitus  occur- 
ring between  the  sexes,  and  enduring  the  greater  part  of  a  minute. 

^e  male  of  the  allied  species  Afplanehna  priodonta  was  described  by  Mr. 
Gosse.  As  the  description  supphes  additional  particulars  concerning  the 
organixation,  we  extract  it  entire. 

Having  isolated  an  adult  female,  in  which  the  developing  young  seined 
different  from  the  ordinary  embryos,  he  at  length  had  the  satisfaction  of 
seeing  two  males  bom.  '^  Another  was  produced  the  same  evening  frt>m 
another  parent,  likewise  under  my  eye.'' 

'<  The  length  of  these  specimens  (XXXVI.  7,  8)  (male)  was  yi^th  of  an 
inch  (that  of  the  funales  was  -^Jih  to  ^nd  of  an  inch).  They  haa  a  general 
agreement  in  outline  with  the  female.  But  the  outlet  corresponding  to  the 
vagina  was  at  the  very  bottom  of  the  ventral  side  (XXXVI.  7,  8  6),  which 
ran  down  to  a  point,  while  the  dorsal  side  was  rounded  off.  At  the  base  of 
this  tube  was  a  globular  sperm-sac,  with  a  short  thick  penis  in  front,  the 
whole  nearly  surrounded  by  a  delicate  glandular  mass.  The  place  of  the 
stomach  was  occupied  by  a  long  sac,  having  a  slender  neck  originating  frtnn  the 
fore  part  of  the  head  mass,  and  at  the  bottom  broadly  attached  to  the  sperm-bag. 
This  whole  organ  was  filled  with  minute  granular  matter,  except  three  or  four 
dear  globular  bladders ;  the  i^wrm-bag  ^owed  a  structure  very  similar. 

**  Tbe  jwincipal  muscles  agreed  wiUi  those  of  the  fomale.  The  tortuous 
threads,  and  their  plexuses,  were  represented  by  two  thickened  glandular 
bodies,  extending  from  the  head  mass  to  the  foliaceous  substance  surrounding 
the  sp^m  bag. . .  .The  three  eyes  were  present,  situated  as  in  the  female, 
but  no  trace  of  jaws  was  discernible,  even  on  pressure,  nor  any  crop,  nor 
true  stomach.  These  ftnimala  were  very  active,  swimming  rapidly  about,  and 
scarcely  still  an  instant.  On  one  or  two  occasions,  I  observed  one  of  the 
males  with  a  slender  process  protruded  to  a  considerable  length  frrom  the 
sexual  orifice,  and  adhering  to  the  glass  by  its  tip,  moving  round  on  it  as  on 
a  pivot." 

Leydig  admits  the  bisexual  or  dioDcious  nature  of  the  Botatoria  as  a  general 
foot ;  and  although,  he  says,  his  studies  have  been  diverted  from  special  re- 
searches on  this  matter,  yet,  from  the  descriptions  and  representations  of 
others,  he  believes  he  can  detect  several  male  forms  arranged  in  the  class  as 
distinct  species. 

Of  the  male  of  a  new  species,  which  he  calls  Notommata  SieboldUj  but 
which  is  equally  a  member  of  the  geavus  Asplanchna  with  **  the  supposed  new 
Notommata  "  of  Brightwell,  he  has  given  an  elaborate  description  and  draw- 
ings. He  remarks  that  in  all  details  of  organization  it  agrees  with  Mr. 
Dalrymple's  account,  but,  unlike  the  English  species,  differs  considerably  in 
figure  from  the  female,  especially  by  Uie  presence  of  four  pointed  arms 
(XXXVn.  29).  He  remarks  that  "  the  so-called  "  fperm-bag  of  Dalrymplc 
is  the  testicle,  and  what  that  author  terms  the  '*  penis  "  is  its  duct.  The 
figures  he  gives  of  the  seminal  corpuscles  are  not  altogether  distinct,  although 
the  resemblance  between  them  and  those  of  Notommata  SUholdii  are  unmis- 
takeable.     However,  I  must  point  out  an  error  into  which  Dalrymple  \n» 
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Mian,  in  deseribiiig  the  linear  seminal  ooiposdes  that  lie  p 
another  about  the  outlet  of  the  Hominal  vesicle  to  be  bundle 
fibres  attached  to  the  base  of  the  penis,  and  acting  as  ''  ^aettiai 

The  BniernpUa  Hydattna  (Ehr.)  is,  in  Leydig's  opinion,  the  me 
tetUa  :  the  reasons  for  this  belief  briefly  are,  that,  according  to  £ 
seriptkn  and  figures,  the  EtUeroplea  has  neither  jaws  nor  t 
oTarj  is  homogeneous  and  granular ;  that  the  animal  is  alwayi 
Hydatma  senJta ;  and  that  among  the  eggs  of  this  last-named 
developing  into  embryo  Enteroplea  were  intermixed.  Now  eacl 
differentiid,  and  some  of  them  very  exceptional  characters,  are 
j^ieted  by  assuming  Enteroplea  to  be  a  male  animal.  Indeed 
peifeet  Botifer  are  the  jaws  wanting,  and  even  in  very  young 
ovary  is  not  homogeneous,  but  contains  many  germinal  vesidec 
reference  to  Bujardin's  description  and  engravings  adds  additi 
this  opinion.  This  supposition  has  been  confirmed,  both  by  I 
Mviller'9  ArtMv,  1857,  p.  404,  and  A.  N.  H.  1857),  and  by  C 
1855,  p.  451),  and  we  would  refer  the  reader  to  their  memo 
tended  description  of  this  male  being.  By  these  researches,  t1 
its  contained  spermatoxoa,  together  with  a  male  projectile  oiga: 
of  a  digestive  apparatus,  and  other  sexual  peculiarities,  have  beei 
made  out. 

In  the  ease  of  Notommata  ffranuiaris,  the  arguments  for  its  ; 
are,  the  absence  of  the  maxilke,  and  probably  of  the  ovary  alsi 
Ehrenberg  nor  Weisse  could  satisfiMtorily  make  out  the  existeno 
— and,  forther,  the  presence,  as  the  Berlin  Professor  points  out, 
eggs  upon  Notommata  BrackUmus,  the  smaller  of  which  bring  fo 
of  the  supposed  different  species,  Notommata  granularis. 

The  evidence  for  the  male  nature  of  Diglena  granvJaris  (^ 
constant  occurrence  in  company  with  2>.  CateUina,  and  the 
two  sorts  of  eggs  by  the  latter,  the  smaller  of  which  give  bir 
wanting  the  dental  apparatus.  Such  imperfect  beings  as  the  1 
laris  and  the  Notommata  granularis  were  explained  by  Weisse  t 
or  prematore  embryos.  **  It  is  troly  interesting,"  says  Leydig, 
at  the  time  he  wrote  perfectly  ignorant  of  male  Botifera,  ^oulc 
conclusion  that  Notommata  granularts,  Diglena  grantdarisy  ai 
HydaHna  were  not  distinct  species,  but  the  incomplete  and  tc 
of  the  several  species,  Notommata  Brachionut,  Diglena  GateUinay 
tenta."  It  is  added  in  a  note — ''  Under  the  name  Notommata  g 
weU  be  associated  together  the  very  similar  males  as  well  of  No 
MonuSy  as  also  of  B,  vreeolaris  and  B.  Pala.**  A  few  notes 
may  be  added  firom  Cohn's  accoimt  of  the  male  of  Brachw 
{Zeitsehr.  1855,  p.  471).  This  is  much  smaller  and  more  ac 
females.  Its  rotary  apparatus  forms  a  wide  ciliated  rim ;  but  i1 
tamed  inwards  and  downwards,  as  in  the  females,  to  enter  the 
such  orifice  exists :  hence  there  is  no  maxillary  head,  no  int< 
gastric  glands.  In  the  place  of  those  organs  lies  a  large  pyri 
testicle,  as  much  as  jA^  of  an  inch  in  length,  incompletely  fl 
dark  corpuscles,  whicn,  when  matore,  acquire  the  characterisi 
swarming  movements  of  spermatozoa.  The  wall  of  the  testicle 
thick,  perhaps  muscular,  and  is  extended  upwards  into  a  thick  cy] 
which  appears  to  serve  as  a  medium  of  attachment  to  fix  the  £ 
the  r^on  of  the  cephalic  disk.  At  its  posterior  end,  the  testis  p 
loDgitudinal  striation,  and  is  perforated  by  an  aperture  which 
wide  canal  ending  in  the  penis.     This  last-named  organ  has  t] 
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short  tabe,  which,  as  a  rale,  lies  free  upon  the  foot,  and  extends  neariy  to  its 
extremity.  Its  inner  canal,  and  its  external  border,  exhibit  vifaratile  action. 
The  foot  is  transversely  wrinkled,  and  ends  in  two  small  toes.  About  the 
origin  of  the  poiis  from  the  testicle  are  two  club-shaped  glands  which  poor 
th^  secretiim  into  the  canal ;  and  near  them  is  theoontractile  vesicle,  giving 
off  its  respiratory  canal  on  each  side,  with  the  nsoal  tag-like  iqjpendages. 
Several  spherical  cell-looking  bodies  occur  about  the  head,  with  the  lai^st 
of  which  the  eye-specks  are  in  connexion,  and  which  may  theiefinre  be  con- 
sidered the  cerebral  ganglion.  Upon  the  testis,  near  its  lower  end,  two  or 
three  vesicles  are  placed,  filled  with  daric  granules,  resembling  those  seen  in 
EnUnypUa  Hydatina,  and  of  which  we  cannot  predicate  further  than  that 
they  are  not  of  the  nature  of  urinary  concretions  (as  Leydig  imagined),  but 
in  some  way  belong  to  the  sexual  apparatus,  or  else  are  unconsumed  cells 
of  the  yelk-mass. 

The  tubular  or  band-like  prolcmgation  from  the  iqq>er  extremity  of  the 
testicle,  noticed  by  Cohn,  and  considered  by  him  a  ''  sospensor  testis,"  repre- 
sents, in  Leydig's  opinion,  rather  the  rudiment  of  the  undeveloped  alimentary 
tube.  This  author  likewise  denies  Ck)hn's  statement  that  the  walls  of  the 
testis  are  thick  and  muscular,  asserting  that  they  consist  of  a  thin  membrane. 

The  tptrmatazoay  %,  e.  the  fecundating  male  particles,  have  been  described 
by  Mr.  Dalrymple,  Gosse,  and  Leydig.  We  borrow  the  description  of  the 
latter  as  the  more  recent : — *^  The  testicle  (XXXVII.  29  c)  of  Notammata 
Sieboldii  is  at  once  seen  to  be  more  or  less  completely  filled  with  spermatozoa, 
arranged  about  the  excretory  duct  in  a  radiating  manner;  when  not  too  much 
compressed,  they  move  about  within  the  testLs.  On  isolating  by  slight  pres- 
sure the  contents  of  the  organ,  may  be  noticed,  1,  large  round  vesides,  in 
which,  by  a  stronger  magnifying  power,  two,  or  probably  more,  hyaline  nuclei 
with  nudeoli,  entirely  occupying  the  space,  may  be  distinguished  (XXXYII. 
30«);  2,  somewhat  larger  cell-formed  elements,  disposed  in  a  radiating 
manner  about  a  centre,  and  larger  towards  one  side  (XXXYII.  30  e) — at 
the  rounded  extremity  a  dear  nudeus,  with  a  nudear  corpusde,  is  always 
placed ;  3,  elongated,  mostly  fidcate  or  curved  stractnres,  which  have  the 
before-mentioned  nudei  in  their  interior,  and  on  one  margin  are  expanded 
into  an  evidently  undulating  membrane  (XXXYII.  30  a,  6,  d).  They  move 
about,  and  swim  hither  and  thither,  in  such  a  manner  that  they  remind  one 
not  a  little  of  many  Infusoria,  having  a  dear  sharply-defined  contour  and  a 
rod- like  figure,  with  a  slight  enlargement  at  the  middle.  It  is  these  bodies 
which  lie  around  the  commencement  of  the  excretory  duct,  and  give  rise  to 
the  apparent  striation  above  alluded  to."  In  ffydoHna  setUa  the  spermatozoa 
are  likewise  of  two  forms,  and  are  noticed  sometimes  to  have  a  swarming 
movement  even  within  the  testis. 

Leydig  has  been  unable  to  satisfy  himself  whether  the  stave-  or  rod-like 
variety  (XXXYII.  30/)  is  to  be  considered  the  ripest  of  the  spermatozoa, 
and  derived  from  one  of  the  other  forms,  or  whether  there  are  two  sorts  of 
spermatozoa  in  Notommata  Suboldii,  as  there  are  in  Paludina  viv^MtrUf  one 
of  the  MoUusca. 

Perty  states  briefly  and  generally,  of  the  spermatozoa  of  Rotatoria,  that  they 
have  a  broad-oval  refracting  body,  and  a  tail-like  appendage. 

The  spermatozoa  have  been  seen  within  the  abdominal  cavity  of  not  a  few 
female  Botifera,  fr-eely  moving  about  within  it.  For  instance,  it  has  been 
witnessed  in  Brachionus,  Conochilus,  iMdntUaria,  Megalotroehay  and  Hyda" 
tina.  It  is  not  known  how  they  reach  this  cavity,  since  the  cloaca  into 
which  they  are  normally  received  is  a  dosed  sac.  Cohn  imagines  they  may 
enter  through  some  aperture  in  the  integument  as  yet  unnoticed ;  it  is,  how- 
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ever,  more  eonoenrable  that  they  may  pass  from  the  cloaca  into  the  respiratory 
tabes,  and  escape  into  the  general  cavity  through  the  vibratile  tags — supposing 
these  last  to  terminate  by  open  mouths.  On  the  other  hand^it  is  just  possi- 
ble that  some  supposed  examples  of  the  presence  of  spermatozoa  within  the 
abdmninal  cayity,  have  rather  been  instances  of  parasitic  beings  (Entozoa)  in 
the  interior.  Thus,  in  ffydatina  tentay  Leydig  describes  the  interior  occupied 
by  many  numerous  active  animalcules,  which  he  refers  to  the  genus  Astatia, 

The  minute  male  beings  just  considered  are  brought  into  existence  for  the 
9dk  purpose  of  fertiliring  die  ova  of  the  larger  and  highly-organized  female 
aidmals.  In  relation  to  the  females,  they  may  be  looked  upon  as  little  other 
than  paraaitee ;  they  are  even  deficient  in  organs  necessary  to  carry  on  their 
own  existence:  the  one  purpose  of  impregnating  the  opposite  sex  being 
fblfiDed,  their  career  is  ended ;  and  this  career  is  so  brief,  that  the  complicated 
apparatus  otherwise  required  to  nourish  and  sustain  the  beings  can  be  dis- 
pensed with. 

Hie  eariy  history  of  the  male  Botifer  is  that  of  the  female.  The  evolution 
of  the  ovum  from  the  ovaiy,  and  the  changes  transpiring  in  the  contents  of 
the  egg  untQ  the  several  organs  become  distinguishable,  are  identical  in  the 
two.  The  fdlowing  particulars  from  Gohn's  paper  (Zeitsehr,  1855,  p.  471) 
will  serve  for  illustration.  The  males  of  BraJUonus  ureeolaris  are  developed 
from  smaller  eggs  than  the  females,  and  which  are  adherent  in  large  number 
at  the  same  time  to  the  parent-animal.  These  eggs  are  very  spherical,  and 
reach  ^-^  of  an  inch  in  length  and  -g^th  in  diameter.  Their  shell  is  more 
delieate,  the  contents  clearer  and  much  more  transparent,  from  containing 
fewer  granules,  and  of  a  pale- yellow  hue,  whilst  the  usual  summer  ef^  are 
do^grey.  Even  when  mature,  this  greater  transparencyand  absence  of  colour 
persist,  fission  proceeds  in  the  same  way  as  in  the  female  ova ;  and  after 
it  has  been  many  times  repeated,  the  different  organs  of  the  embryo  begin  to 
make  their  appearance, — ^the  red  eye-specks  being  among  the  first.  However, 
anlike  what  happens  in  the  female  ova,  no  signs  of  the  maxillary  apparatus 
eome  into  view,  but  two  or  three  dark  heaps  of  granules  which  are  not  seen 
in  those.  When  mature,  the  embryo  springs  from  the  shell  tiirough  a  trans- 
verse *rupture,  and  is  then  seen  to  have  a  totally  different  figure  frt>m  the 
female  bangs,  and  at  least  three  times  smaller.  When  completely  extmided, 
it  measures  only  between  v^th  and  -j^jtk  of  an  inch  in  length,  and  y^^th 
to  y}^  in  width,  and  is  ooserved  at  me  first  glance  to  be  destitute  of  the 
firm  integument  or  shield  of  the  female  animals,  and  to  have  a  short-cylin- 
drical figure,  probnged  anteriorly  in  the  form  of  a  short  head  separated  by 
a  eonstrictioin  from  the  body.  The  foot  is  short  and  tubular,  the  head  crowned 
by  a  flattened  disk  expanded  into  a  wide  margin,  which  is  clothed  witii  long 
vibmtile  cilia  and  a  few  non-vibratile  bristles.  Their  movements  are  extra- 
ordinaiily  energetic. 

The  same  female  may  lay  in  succession  several  male  ova.  According  to 
Leydig,  both  male  and  female  ova  are  not  generated  at  the  same  time.  The 
small  size  and  relatively  inccmiplete  organization  of  the  male  Botifera  is  a 
dreomstanoe  not  pecutiar  to  Uie  dass;  the  like  is  seen  in  the  imperfect 
''imago"  of  many  Insects, destined  only  to  a  sexual  purpose,  in  the  para- 
ate-lD^  males  of  Ltmcuiy  in  the  ndniature  and  incomplete  males  of  Daph- 
mmda,  and  in  the  equally  inferior  male  representatives  of  Polynoe,  Exogone, 
and  of  the  Nematoda  generally,  among  Vermes.  Leydig,  moreover,  finds  an 
analogous  taei  in  the  l^honophora,  in  which  he  assumes  the  so-called  genital 
eapeoks,  distributed  everywhere  in  the  aggregate  mass  of  animals,  to  have  a 
male  character,  and  shows  this  opinion  is  in  harmony  with  the  views  put 
forward  by  Leudcart  respecting  them. 
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Mr.  Goiee's  oonoliiaion  (PhU.  Trans.  1857,  p.  822)  is,  that ''  a  distinctiaii 
of  aez  IB  the  normal  oonditioii  of  the  class,  or  at  least  of  that  group  which  is 
most  typical,  viz.  sach  as  have  articulated  maUd  workiiig  upon  a  separate 
articole^  ineus.  Whether  the  same  role  prevails  so  generally  in  those  whidi 
have  the  mallei  and  incus  fused  together  into  quadrantic  masses,  and  in  those 
in  which  the  oi^gans  exist  in  a  ruchmentaiy  condition,  b  a  question  jet  to  be 
determined.  As  ^hese  are  certainly  the  lowest  forms  of  their  class,  it  is  pas- 
sible that  hermaphroditism  may  be  found  in  them — ^in  the  PhUocUnadcB,  for 
instance." 

The  summary  of  the  facts  as  yet  ascertained,  concerning  male  Eotatoiiay 
will  form  a  valuable  addendum  to  our  account : — 

**  The  most  prominent  thing  that  strikes  us  is  the  absolute  and  universal 
atrophy  (so  to  speak)  of  the  digestive  system  in  male  Botifera.  Another 
curious  peculiarity  is  the  dissimilarity  that  always  exists  between  the  sexes. 
In  A^lcmckna  and  Hydatina  the  resemblance  is  at  its  highest  point ;  in 
every  other  instance  observed,  the  sexes  are  so  unlike,  that  they  would  be 
taken  for  widely-remote  genera.  The  male  is  always  inferior  in  size,  and 
also  in  organization,  to  the  female. 

**  Whe^er  certain  individuals  produce  only  male,  and  others  only  female 
young,  or  whether  separate  impregnations  are  required  for  the  production  of 
the  separate  sexes,  I  do  not  know ;  but  from  all  my  observations  I  gather 
that  the  development  of  the  one  sex  never  takes  place  coetaneously  with  that 
of  the  other ;  for  male  and  female  eggs  are  never  seen  attached  to  the  same 
parent,  and  the  immature  eggs  in  the  ovary  invariably  develope  themselves 
into  the  same  sex  as  those  which  are  abready  extruded. 

*^  The  duration  of  life  in  the  male  is  always  very  brief.  I  have  never  been 
able  to  preserve  one  alive  for  twenty-four  hours.  Their  one  business  is  to 
impregnate  the  females,  which  is  the  work  of  a  few  minutes,  probably,  in  a 
state  of  freedom ;  and  for  this  momentary  occupation  no  supply  of  loss,  by 
assimilation  of  food,  is  wanted ;  and  hence  we  can  understand  the  lack  of  tfa« 
nutritive  organism. 

**  Some  organs  are  found,  with  greater  or  less  distinctness,  in  alL  The 
(presumed)  male  of  HydaUna  senta  received  its  names  of  EnUroplea  and 
Organ-Jisch  from  Ehrenbei^  on  account  of  the  copiousness  of  its  internal 
organization.  A  muscular  system  is  well  developed  there,  and  in  the  males 
of  Atplanehna  and  of  Braehionus  JdUlleri ;  and,  from  the  varied  movements 
of  all,  its  existence  may  be  inferred  where  it  is  not  detected.  The  frontal 
cilia  are,  in  almost  all  cases,  much  more  developed  than  in  the  females ;  the 
result  of  which  endowment  is  seen  in  the  excessive  rapidity  with  which  the 
male  shoots  in  all  directions  through  the  water.  The  great  head-mass  of 
granular  substance  b  generally  distinct ;  and  in  several  cases  (as  in  the  As- 
planchtKB  and  in  Brachianus  Dorcas  and  Br.  MuUeri)  the  great  occipital  gan- 
glion is  well-defined,  with  the  red  eye  seated  on  it  as  in  the  other  sex.  Even 
where  the  ganglion  is  not  apparent,  the  eye  is  conspicuous,  with  the  exception 
of  Saccutvts  and  PolyarOwa ;  and  in  this  last  instance  the  small  size  of  the 
animal  must  be  borne  in  mind,  and  the  density  of  the  anterior  parts. 

**  In  the  (presumed)  male  of  Hydatina,  in  ihose  of  all  the  Asplanthnai,  and 
of  Brachionus  Doreas,  there  are  organs  answering  to  the  lateral  convoluted 
threads  of  the  female ;  and,  in  Asplanehna  BrightweUU  at  least,  these  are 
accompanied  by  tremulous  tags,  and  by  a  contractile  bladder. 

'<  A  large  mass  of  substance  which,  being  perfectly  opaque,  appears  black 
by  transmitted  light,  but  is  white  when  the  rays  are  reflectisd,  is  so  genially 
found  in  male  Botifora  as  to  be  oharacteristio,  though  it  is  not  universally 
present.     I  do  not  find  it  in  the  Asplaw^nat,  nor  in  Saecubts.     On  the  other 
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hand,  I  have  observed  it  in  the  yoong  of  St&phcmoeeroi,  Floiouiaria  ean^^- 
naiOy  and  jP.  eamuta ;  and  Ehrenberg  mentiona  it  in  F,  omata  and  Ladnu" 
laria.  In  StephanoceroMf  it  was  certainly  associated  with  well-developed 
jaws ;  and  hence  I  preenme  it  is  not  ezdnsively  an  indication  of  the  nude 
sex.  The  mass  is  sometimes  broken  up  into  fragments,  of  irregolar  sixe  and 
shape,  and  sometimes  appaientlj  pulvcorulent.  In  general,  it  appears  to  He 
loosdy  in  the  midst  of  tiie  grannlar  amorphous  matter  that  occupies  the  pos- 
terior region  of  the  body-cavity ;  but  in  Braehioniui  Pdkty  and  especially  in 
Br.  (xn^JdceroSf  I  have  fancied  that  I  disoemed  traces  of  a  veaiole,  within 
which  the  white  sabstance  seems  to  be  contained. 

'*  On  the  nature  of  this  substance  I  have  no  light  from  personal  research. 
Br.  Leydig,  however,  considers  it  to  be  a  urinary  eonoretion  (fftxmcancre^ 
mente)y  analogous  to  the  chalky  fluid  which  is  disdiaiged  by  many  insects 
immediately  after  their  evolution  from  pupe. 

'*  In  the  male  oiAsplanchma  BrightwdUi,  there  is,  as  its  discoverer  observes, 
'a  conspicuous  round  speim-vessel,  or  testis,  in  which. . .  .spermatozoa  in 
active  vibratile  motion  may  be  seen.'  Mr.  Dalrymple,  and  subsequentiy 
myself,  also  saw  these,  both  within  the  sac  and  dischaifed  by  pressure. 
Eadi  spennatozocm,  according  to  my  own  observation,  consists  of  an  oblong 
body,  y^Wth  of  an  inch  long,  and  an  abrupt,  slender,  vibratile  tail  of  equal 
length.  £i  the  sperm-sac  of  A.  SisboldU,  Dr.  Leydig  finds  various  seminal 
dements,  vix.  round  cells ;  pyriform  oelk,  drawn  out  to  a  fine  point,  and  ad- 
hering to  each  other  by  their  rounded  ends  in  a  stellate  manner ;  oblong 
bodies,  with  one  side  dilated  into  a  free,  undulating,  membranous  border ; 
and  slender,  stif^  rod-like  bodies,  with  a  central  swelling ;  all  containing 
nucleated  nudei.  On  the  male  of  A,  priodonta,  my  observations  were  too 
limited  to  determine  more  than  the  ezii^ence  of  the  lobular  sperm-sac. 

"  In  BraMonus  rubetu  and  Br.  MtiUeri  1  found  spermatozoa,  which  I  have 
above  described.  In  the  latter,  the  sperm-bag  is  of  great  size,  and  contains, 
besides  the  spermatozoa  of  unusual  development,  slender  spiculiform  bodies, 
which  may  be  the  equivalents  of  the  little  rods  described  by  Dr.  Leydig  in 
A$pl.  SuhoJdu.  The  sperm-bag  (in  Br.  Afvlleri)  is  dosed  posteriorly,  as  it 
is  also  in  Ajrp.  Brightwdlny  by  what  appears  to  be  a  true  sphincter ;  and 
such  I  conjecture  to  be  the  explanation  of  those  diverging  lines  which 
M.  Dujardin  saw  in  Enteroplea  (so-called),  which  he  considered  to  be  pedi- 
cles <^  his  ^  iauffes  de  gramUss/  while  the  *  touffes '  themsdves  I  take  to 
have  been  the  masses  of  urinary  concrement.  Dr.  Leydig,  however,  con- 
oders  the  whole  to  have  been  masses  of  spermatozoids. 

''  The  outlet  of  the  sperm-bag  is,  in  all  cases,  by  a  thick  protmsile  and 
retractile  penis.  Wherever  a  foot  exists,  this  introndttent  organ  is  oontinu- 
oody  united  to  its  dorsal  side,  and  is  often  so  greatiy  devdoped  that  the  foot 
itself  appears  as  an  app^idage.  The  protrusion  of  the  organ,  at  least  in  most 
of  the  examples  that  I  have  noticed,  is  by  the  evendon  of  the  integuments. 
When  these  are  evolved  to  the  utmost,  the  organ  is  seen  to  be  a  thick 
cdtonn,  conical  or  nearly  cylindrical,  with  the  extremity  truncate,  and  sur- 
rounded by  a  wreath  of  vibratile  cilia.  It  was  doubtless  the  extremity  of 
the  penis  that  M.  Dujardin  saw  as  *  un  organe  ciU6  entre  Us  mtucles  de  la 
queue,*  in  the  (so-called)  Enteroplea.  The  male  of  Saeetdus  wridis,  a  spedes 
which  is  footless  in  both  the  sexes,  is  the  only  example  in  which  I  have  not 
seen  tiie  penis ;  but  the  organ  is  probably  wholly  retractile  within  the  body, 
and  my  observations,  on  the  only  individual  of  this  sex  that  I  saw,  were  in- 
sufficient to  determine  anything  concerning  it." 

That  male  Botatoria  have  been  recognized  in  comparatively  few  species, 
admits  of  several  explanations.     The  smaller  size  and  comparative  rarity  of 
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the  males ;  their  diwrimilarity  of  figure  to  that  of  the  females,  which,  ooupled 
wilh  imperfect  examinations  or  misconception  of  their  interior  organization^ 
would  readily  lead  to  their  institution  as  new  species  or  genera ;  the  infla- 
ence  of  the  prevalent  hypothesis  of  a  hermaphirodite  nature,  and  the  conse- 
quent exdusiye  search  for  male  organs  in  the  perfect  female  forms,  in  which, 
too,  the  uncertainty  appertaining  to  the  purpose  of  several  appredahle  tissues 
or  organs  would  tend  still  Airther  to  lead  astray ;  the  short  existence  of  the 
males,  and  even  that  hrief  life  limited,  it  would  seem,  to  a  particular  period 
of  the  year,  the  early  spring,  when  such  creatures  are  less  sought  after ; 
each  and  all  these  are  circumstances  which  have  caused  the  male  Rotatoria 
to  be  overlooked,  and  continue  to  do  so.  However,  the  non-recognition  of 
the  male  ftnimRlx  occurs  not  only  in  the  case  of  the  Botatoria,  but  also  of 
other  classes  of  animals,  even  more  highly  organized  and  so  laige  as  to  be 
capable  of  examination  without  the  aid  of  the  microscope.  Among  minuter 
organisms  in  which  an  uncertainty  prevails,  may  be  mentioned  the  Daph- 
madcB  and  other  Entomostraca,  among  the  maiority  of  genera  of  which  the 
males  are  still  undetected,  nevertheless  the  bisexual  character  of  tiie  class 
is  admitted.         « 

The  comparative  rarity  of  male  Botatoria  admits  of  an  interpretation  de- 
rived from  analogy.  It  is  a  well-recognized  fact,  that  in  several  classes  at 
Invertebrata  (for  example,  in  DaphrUadcB  and,  among  Insecta,  in  the  genus 
Jphis)  several  generations  succeed  one  another  without  the  concurrence  of 
a  male  ammal  in  their  production, — a  phenomenon  well  named  by  Prof. 
Owen,  Parthenogenesis  or  Virgin-generation.  Now  it  clearly  appears  that 
one  contact  with  a  male  Rotifer  may  suffice  for  the  fertilization  of  all  the 
germinal  cells  in  any  female  ovary,  and  be  followed  by  their  sucoesdive  de- 
velopment. To  use  the  language  of  Prof.  Owen,  the  spermatic  force  once 
applied  suffices  for  the  impregnation  of  a  multitude  of  ova,  or,  in  met,  of  the 
whole  ovary ;  and  the  fact  quoted,  of  Aphides  developed  by  the  immediate 
action  of  the  spermatic  force  being  in  their  turns  capable  of  reprodndng 
others  by  gemmation  without  a  renewal  of  that  force,  warrants  the  supposi- 
tion that  an  analogous  phenomenon  may  exist  in  the  Botatoria.  This  analogy 
is  strengthened  by  Mr.  Huxley's  interpretation  of  the  nature  and  purpose  of 
«  winter  "  ova,  which  he  believes  to  be  the  instruments  of  an  cisexwd  repro- 
duction. A  portion  of  the  ovary  seems  to  be  modified  and  extruded,  and  sub- 
sequently to  generate  a  couple  of  embryos.  On  the  other  hand,  in  the  Aphides 
an  internal  germinal  mass  remains  within  the  body,  and  a  portion  of  it  ap- 
pears to  be  abstracted  by  each  successive  individual  produced,  until  at  length 
the  spermatic  force  is  exhausted.  This  internal  germmal  or  reproductive  body, 
the  instrument  of  an  asexual  generation  in  the  Aphides,  is  then  surely  homo- 
logous with  the  extruded  external  generative  bodies,  or  ''ephii^ial  ova,"  of  Bo- 
tatoria. Such  an  asexual  reproduction  implies  a  fewness  of  male  beings  com- 
pered with  the  multitude  of  young  which  must  be  developed  by  the  generative 
processes.  Again,  the  male  Botatoria  are  not  only  developed  in  smaller  numbers 
than  the  female,  but  their  whole  term  of  existence  is  very  brief,  only  long 
enough  to  fulfil  their  generative  purpose ;  and,  lastly,  they  are  to  be  found 
only  at  particular  seasons,  mostly  in  the  spring. 

Another  obvious  reason  for  the  scarcity  of  male  Botifera  suggests  itself, 
viz.  that  the  social  institutions  of  the  class  may  not  be  on  the  monogamous 
model,  but  that  one  little  active  male  may  divide  his  favours  among  a  whole 
harem  of  females  before  he  completes  his  brief  career.  However  this  may 
be,  to  discover  the  male  of  any  one  species,  continuous  observation  is  needed, 
particularly  at  certain  times  of  the  year ;  and  it  must  be  confessed  that  but 
few  Botatoria  have  hitherto  had  their  history  fully  investigated.     In  most 
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itheezaminationofaspedeBhasbeeQcasiiaUytindertaken;  the  attention 
has  heaa.  directed  to  it  only  by  some  accidental  drcnmstanceB,  and  this  only  on 
some  <me  occasion.  We  cannot^  thereforeyWo^der  that  therareLy-oocnrring  males 
have  not  often  been  encountered.  But  the  most  satis^Eictoiy  means  of  deter- 
mining the  existence  and  characters  of  the  males  of  any  species  of  Botatoria 
have  latterly  been  furnished  by  the  careful  descriptions  of  the  special  cha- 
racteristics  of  male  ova,  whereby  they  can  be  distinguished  eyen  before  leaying 
the  oividucty  and  their  developmental  history  traced  forwards  until  their  ma- 
turity. 

We  may  mention  that  Mr.  HaUett,  formerly  demonstrator  of  anatomy  in 
the  UmrerBity  of  Edinburgh^  and  subsequently  a  student  in  anatomy  at  the 
College  of  Burgeons,  London,  directed  his  special  attention  for  many  years  to 
the  Rotatoria,  and  especially  to  the  detection  of  the  male  individuals ;  and 
aldioiigfa  his  early  death  has  deprived  naturalists  of  the  published  results  of 
his  researches,  yet,  from  repeated  verbal  communication,  we  can  state  that 
he  had  arrived  at  the  discovery  of  the  male  beings  of  the  majority  of  the 
Botatoria. 

Doubtful  Male  Organs. — ^Many  naturalists  are  unprepared  to  admit  bi- 
semahty  to  be  the  universal  rule  in  Botatoria ;  and  several  eminent  observers 
are  di^osed  to  consider  certain  organs  in  female  animals  to  be  of  a  male 
sexual  character. 

Prof.  Williamson,  in  his  history  of  Melieerta,  says — '*  I  have  sought  in 
Tain  for  any  organ  to  which  the  ftmctions  of  a  spermatic  gland  can  be  indis- 
putaUy  assigned.  Immediately  beneath  the  lower  stomach  and  the  conti- 
guous oviduct,  there  is  an  elongated  pyramidal  organ,  apparently  hollow,  the 
thick  extremity  of  whidi  is  directed  towards  the  ovary,  and  its  opposite  at- 
tenuated portion  passes  upwards  towards  the  cloaca,  between  the  oviduct  and 
the  genenil  integument.  Into  the  thick  inferior  extremity  of  this  organ, 
there  are  inserted,  exactiy  opposite  to  each  other,  two  long-cylindrical  ap- 
pendages, which  ^verge,  and,  passing  on  each  side  of  the  alimentaiy  canal, 
proceed  towards  the  upper  part  of  the  body,  where  their  extremities  are  not 
easily  traced.  In  but  one  instance  I  observed  them  to  terminate  in  a  aeriea 
of  irregular  convolutions  near  the  base  of  the  two  tentacles.  Though  not  yet 
capable  of  demonstration,  it  appears  probable  that  this  curious  appendage 
may  be  a  filamentous  spermatic  tube  resembling  those  found  in  many  Arti- 
eulata.  That  they  are  tubes,  and  not  muscular  bands,  appears  unquestionable ; 
and  as  they  have  obviously  a  direct  connexion  with  the  cloaca,  they  might 
eaoly  discharge  a  fertilizing  secretion  into  that  common  excretory  canal,  firom 
whidi  it  wouM  find  its  way  to  the  ovary  through  the  oviduct "  (p.  432). 

Now  it  is  to  be  remarked  that  Mr.  Williamson  states  he  could  diBcover 
«'no  tfedtl  organs  of  circulation  or  respiration,  no  vessels  or  pulsating 
ofgaDB,"  and  tkot  tiie  two  tubes  he  has  referred  to  as  being  possibly  sper- 
matic ducts  are  the  homologues  of  similar  ones  in  other  Botifera,  to  which 
Ehrenberg  has  assigned  fertilizing  functions.  Further  on  he  observes — 
**  The  singnlaT  bodies  resembling  spermatozoa  exist  in  various  parte  of  the 
organism,  where  they  are  apparentiy  enclosed  within  hoUow  canals.  I  have 
never  seen  them  occupying  the  two  main  trunks  of  the  'water-vascular 
system '  or  ceca ;  nor  can  I  succeed  in  tracing  any  connexion  between  ihem. 
Jn  several  cases  I  have  seen  one  or  two  of  these  curious  bodies  opposite  the 
centre  of  the  upper  stomach,  very  near  to,  but  independent  of,  the  main  cecal 
canal,  and  at  some  distance  below  the  point  where  the  latter  probably  sub- 
divides into  branches.  Near  the  neck  there  are  usually  from  two  to  three 
pairs.  Their  vibratile  motion  ceases  the  moment  the  animal  is  killed  by 
pressure.  This  fact  does  not  countenance  the  idea  that  they  are  spermatozoa.'' 
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From  the  above  remarks  and  statements,  it  seems  to  ns  quite  dear  tbai 
the  pyramidal  sao  opening  into  the  doaoa,  and  its  npwardly-prolonged  cantls 
referred  to,  are  nothing  more  than  the  ''  water-vascolar  system  "  dP  the  Me- 
licerta,  and  that  more  or  fewer  of  the  observed  vibratile  bodies  axe,  in  fMt, 
the  ciliated  tremulous  tags.  Had  the  pyramidal  sac  represented  a  testicle, 
spermatozoa  onght  to  have  been  seen  within  it ;  for  these  partides  are  readily 
cognizable  by  l^dr  size,  figure,  and  movements. 

Prof.  Huxley  having  failed  to  find  a  male  among  some  scores  of  femak 
LaeinularkB,  or  a  single  ordinary  spennatozoon,  is  disposed  to  recognise  the 
male  sexual  dement  in  some  singular  bodies  met  with  in  many  individuals  he 
examined.  These  bodies  <<  answered  predsdy  to  KoUiker's  descriptian  of 
the  spermatozoa  *'  of  Megalotrocha.  They  had  a  pyramidal  head  about  y^vis^ 
of  an  inch  in  diameter,  by  which  they  were  attached  to  the  parietes  <n  the 
body,  and  an  appendage  four  times  as  long,  which  underwent  the  most  ex- 
traordinary contortions, — ^resembling,  however,  a  vibrating  m^nbrane  much 
more  than  the  tail  of  a  spermatozoon,  as  the  undulating  motion  appeared  to 
take  place  on  only  one  side  of  the  appendage,  which  was  zigzagged,  while  the 
other  remained  smooth.  ^'Accor^ng  to  KoUiker,  again,  these  bodies  are 
found  only  in  those  animals  which  possess  ova  undergoing  the  process  of 
ydk-diviaion,  while  I  found  them  as  frequently  in  those  young  forms  which 
had  not  yet  developed  ova,  but  only  possessed  an  ovary. 

**  Are  these  bodies  spermatozoa  ?  Against  this  view  we  have  the  unques- 
tionable separation  of  the  sexes  in  NoUmmata,  and  the  very  great  differenee 
between  them  and  the  spermatozoa  of  Notommata.  Neither  ^  mode  of  de- 
velopment, nor  the  changes  undergone  by  the  ovum,  afford  any  certain  test 
that  it  requires  or  has  suffered  fecundation,  inasmudi  as  the  process  doedy 
resembles  the  original  developm^it  of  the  Aphides. 

*'  In  the  view  ^t  KoUiker's  bodies  are  true  spermatozoa,  it  might  be  said, 
1.  That  the  sexes  are  united  in  most  Diatomata,  for  instance,  and  sepanted 
in  spedes  dosely  allied  (e.  g.  D.  Okenit).  2.  That  the  differences  between 
these  bodies  and  the  spermi^ozoa  of  Notommata,  is  not  greater  than  the  dif- 
fSorence  between  those  of  Tritons  and  those  of  Bona.  3.  That  their  develop- 
ment from  nudeated  cells  within  the  body  of  Megahtrocha  (aooording  to 
EoUiker)  is  strong  evidence  as  to  their  having  same  function  to  perform ; 
and  it  is  dificult  to  imagine  what  that  can  be  if  it  be  not  that  of  spermatozoa. 
However,  it  se^ns  to  me  impossible  to  come  to  any  definite  oonduaian  upon 
the  subject  at  present.'' 

In  MeUcertay  Prof.  Huxley  notes  having  met  with ''  an  oval  sac  lying  bdow 
the  ovary,  and  containing  a  number  of  strongly-refracting  partides,  dosdy 
resembling  in  size  and  form  the  heads  of  the  spermatozoa  of  ZocmicIorNi." 

These  views  of  Mr.  Huxley  are  of  no  value  in  dedding  the  question ;  they 
rest  on  a  supposed  similarity  between  the  bodies  discovered  and  those  which 
EoUiker  believed  to  be  spermatozoa  in  MegaHatroeha, — an  opini<HL  not  incon- 
trovertible. On  the  other  hand,  their  spermatozdd  nature  is  discountenanced 
by  their  similarity  (which,  indeed,  Huxley  remarks)  to  undoobted  sperma- 
tozoa of  Eotifera. 

In  a  new  species  of  MeUe&rta  discovered  by  Prof.  Bailey  in  Ain^rjf^^  tiutt 
aoeurate  observer  found  that  pressure  between  two  plates  of  ^bss  liberated 
vast  numbers  of  spermatozoa;  but  he  was  unable  to  ascertain  fromidtat 
organ  in  the  animal  they  were  set  free.  The  observation,  however,  is  im- 
portant as  indicating  the  existence  of  true  male  organs  in  MeUcerta  of  a  veiy 
different  character  from  those  suggested  by  various  observers  as  having  pos- 
sibly fecundating  functions. 

Respecting  these  questionable  male  dements,  Le3rdig  has  the  foUowing 
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remarks,  premiaing  that  the  detection  of  spermatic  partioleB  in  one  species 
fdniishes  a  criterion  in  pronotincing  upon  the  signification  of  some  other 
hodies : — ''  I  have  heretofore  mentioned  my  idea  that  the  hairy  corpuscles  of 
LadmUaria  (occupying  the  general  canity  of  the  body,  and  impelled  hither 
and  thither  by  its  movements)  are  seminal  particles :  although  this  is  still 
questionable,  yet  these  presumed  parasites  of  Ladnularia  must,  I  believe,  be 
still  rather  looked  upon  as  unequivocal  spermatozoids.  The  form  and  struc- 
ture, moreover,  of  tiie  bodies  figured  by  Huxley,  and  doubtfully  called  by 
him  spermatozoa,  have  an  evident  affinity  with  tiie  seminal  elements  of  No^ 
tonunata  Sieboldiu  It  also  seems  to  me  probable  that  the  spermatozoids 
portrayed  by  KoUiker  in  Megalotrocha  are  really  such,  and  that  the  ftninmlt^ 
in  which  tiiey  are  found  should  be  esteemed  as  previously  impregnated 
females.  I  moreover  consider  that  the  illustrations  furnished  by  Ehrenberg 
of  Conoddlui  voJvox,  show  an  individual  with  two  spermatozoa ;  and  the 
account  referring  to  it,  in  which  he  says  '  I  lately  saw  oscillating,  very  pe- 
culiar, gill-like  organs,  in  the  form  of  two  spirally-twisted  bands,  at  the  pos- 
terior extremity  of  the  body,'  also  speaks  in  favour  of  this  signification.  The 
entire  delineation  of  these  *  spiral  ^lls '  might  replace  very  well  that  of  the 
peculiar  seminal  elements  with  undulating  membranes." 

Afterwards,  when  speaking  of  the  parasites  of  Botatoria,  Leydig  observes 
that  having  formerly  erroneouBly  described  the  seminal  corpuscles  of  Lticinu' 
laria  as  parasites,  he  must  now,  on  the  other  hand,  class  tiie  once-presumed 
^ermatic  particles  with  parasitic  organisms. 

In  the  course  of  subsequent  researches  on  Hydatina  senta  (Miiller's  ArchiVf 
1857,  p.  104),  Leydig  has  discovered  the  same  sort  of  structures  in  that  ani- 
maL  He  writes — **  They  are  globular  bodies  with  sharp  outlines ;  and  their 
margin  looks  as  if  clothed  with  fine  hairs.  Towards  the  end  of  March,  the 
entire  abdominal  cavity  was  in  many  specimens  so  filled  with  them  that  the 
animals  presented  a  white  appearance  by  reflected  light ;  yet  the  animals  so 
affected  swarm  about  just  as  briskly  as  the  others.''  This  repletion  with  such 
particles  appears  to  us  to  intimate  that  they  cannot  be  spermatozoa,  either 
generated  within  the  beings  themselves  or  received  from  without  from  male 
animals.  Indeed  their  occurrence  within  the  abdomen  of  Hydatina  senta 
is  of  itself  an  argument  against  their  being  spermatozoa  derived  from  a  male 
^and  within,  inasmuch  as  this  species  is  proved  to  be  impregnated  by  its 
own  male  partner,  formerly  known  as  the  EnteropUa  Hydatina,  The  ques- 
tion presents  itself,  whether  they  can  be  derivable  from  the  food,  as  products 
of  digestion  or  chyle-globules. 

Th^  search  for  male  Rotatoria  has  led  the  occasional  conn^on  of  two  in- 
diriduals  to  be  noticed,  and  to  be  explained  as  of  a  sexual  character.  Perfy 
noticed  two  individuals  of  CoUirus  tmeinatus,  and  two  of  LepadeUa  ovaUs,  in 
union,  fiat  such  connexions  may  rather  be  considered  accidental ;  for  Perty  re- 
marked a  Colurus  so  attached  to  LepadeUa,  and  a  CfJuxtanotus  Lotus  to  Lepaddla 
0vaUs.  Gohn  has  had  his  attention  directed  to  the  same  circumstance,  and 
remarks  that  two  Rotatoria  of  the  same  or  even  of  a  different  species  are 
very  often  to  be  seen  attached  together,  sometimes  by  the  back,  at  others  by 
the  abdomen,  at  others  by  the  pseudopodium,  and  to  swim  about  together  for 
a  length  of  time.  This  he  has  seen  in  Dighna,  Coluna,  and  LepadeUa ;  it 
has,  however,  no  ccmnexion  with  the  reproductive  function. 

Ov  THX  BiJiL^TioK  AKB  €k>in>inoK8  07  Life  of  thb  Botatobu,  and  of  thbir 
Habitats  ajstd  Distbibittiok. — It  is  next  to  impossible  to  determine,  by  direct 
observation,  the  duration  of  life  among  the  Rotatoria  when  placed  und^ 
Batural  and  frtvourable  conditions.  Many  may  well  be  supposed  to  survive 
from  their  birth  in  the  spring  until  the  winter,  and  not  a  few  even  through 
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this  season  tmtil  some  future  period^  since  observatiohs  proTe  th^  power  o£ 
assuming  a  torpid  condition  when  existing  circumstances  are  unfaYourable 
to  the  tall  exercise  of  life.  It  has  been  noticed  by  Ehrenberg,  of  some  Bota- 
toria  living,  so  to  speak,  in  confinement,  or  in  a  limited  quantity  of  water 
under  examination,  that  when  the  weather  was  warm  and  nounshment 
abundant,  life  was  prolonged  to  18  or  20  days  and  more ;  and  Mr.  Qosse  also 
speaks  of  a  Mdicerta  which  lived  in  confinement  for  14  days. 

The  conditions  of  life,  or  the  causes  affecting  the  vitality  of  EotifBra 
favourably  or  unfavourably,  are  in  some  respects  very  remarkable,  as  an  ap- 
peal to  their  habitats  alone  would  abundantly  illustrate. 

It  is  during  the  height  of  summer  that  tiie  Botifera  are  multiplied  most 
abundantly ;  but  when  the  cold  frosty  nights  of  autumn  supervene,  their 
numbers  undeigo  a  rapid  reduction.  However,  often  during  the  most  beauti- 
fdl  parts  of  the  year,  as  Perty  remarks,  a  sudden  decrease  will  occur. 

"  Two  kinds  of  disease,"  writes  Ehrenberg,  **  destroy  the  Hydatina  and 
most  of  the  Rotatoria :  1,  the  formation  of  vesicles,  which  give  rise  to  the 
appearance  of  small  rings  all  over  the  creature ;  and,  2,  ti^e  formation  of 
granules  which  so  penetrate  the  internal  organs  that  these  seem  composed  of 
them,  and  have  a  shagreen  appearance."  The  first  condition  has  be^  noted 
by  Weisse,  who  regards  the  apparent  vesicles  as  parasitic  organisms. 

The  Botatoria  also  suffer  from  the  overgrowth  upon  their  surface  of  Algae 
and  of  parasitic  animals,  Protozoa  and  the  like,  and  are  at  length  destroyed 
thereby.  Foul  or  decomposing  water  b  incompatible  with  their  existence,  as 
are  some  chemical  mixtures,  whilst  to  others  they  seem  indifferent.  Thus 
HydaHncB  have  been  fed  with  rhubarb  and  indigo  in  powder  without  sensible 
effect,  and  neither  calomel  nor  corrosive  sublimate  kills  them ;  at  least,  they 
live  for  some  time  after  these  substances  have  been  mixed  with  the  wator. 
Strychnia  causes  instant  death. 

The  deprival  or  the  want  of  renewal  of  air  in  water  inhabited  by  Boti&n 
causes  their  destruction,  for  example,  when  collected  in  abottle  for  examination, 
the  cork  being  allowed  to  remain  too  long.  In  like  manner  the  exclusion  of  air 
by  a  pellicle  of  oil  on  the  surface  of  the  water,  or  the  withdrawal  of  air  by 
means  of  an  air  pump,  speedily  destroys  the  Botatorial  inhabitants.  Ehren- 
berg affirms  that  they  exist  much  longer  in  an  atmosphere  of  nitrogen  than  in 
one  of  carbonic  add  or  of  hydrogen,  and  that  the  vapour  of  sulphur  speedily 
puts  an  end  to  their  existence. 

Still  a  very  imperfect  renewal  of  air  seems,  at  least  in  some  instances,  to 
suffice — as  in  the  case  of  the  Rotifer  vulgaris  and  R,  p<irasita,  which  have 
been  seen  within  the  spheres  of  Volvox  and  in  the  cellB  of  aquatic  plants 
(the  Vaucheria  elavcUa,)  Perty  likewise  mentions  the  Notammata  WemeMi 
as  inhabiting  the  Vaucheria  ecBspitota ;  and  Albertia  vermieuiaris  is  parasitic 
within  the  intestine  of  earth-worms  and  slugs.  In  all  these  instances  life  is 
compatible  with  a  very  slight  renewal  of  atmospheric  air,  or,  in  fact,  is  sup- 
ported amid  the  gases  generated  within  these  organic  beings  and  mixed  with 
tiieir  fluids. 

The  evaporation  of  the  water  from  around  Botifera,  as  when  under  exami- 
nation by  the  microscope,  is  a  frequent  cause  of  their  destruction,  by  the 
breaking  up  of  their  soft  parts.  But  there  is  a  happy  provision  against  such 
evil  consequences ;  for,  so  soon  as  the  animal  experiences  the  deficiency  of 
water  around  it,  it  withdraws  its  tender  wheel  apparatus,  and  limits  ite  ex- 
posed parts  as  much  as  possible,  by  retracting  its  pseudopodium  and  contract- 
ing itself  into  a  ball-like  form,  so  that  only  the  denser  integument  is  exposed 
te  the  injurious  influences,  and  the  evaporation  of  water  from  the  contained 
organs  reduced  te  its  minimum. 
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Indeed  the  Rotatoria,  in  part  at  least,  have  a  remarkable  power  of  preserv- 
ing  their  vitality,  not  only  when  left  dry  by  ordinary  evaporation,  but  also 
when  thoroughly  desiccated  by  the  assistance  of  heat.  Leuwenhoek  and 
Spallanzani  experimented  on  them,  and  announced  the  fact  of  their  revivifi- 
cation on  the  addition  of  moisture,  months  and  even  years  after  their  com- 
|dete  desiccation.  Schrank,  Bory  St.  Vincent,  and  Ehrenberg  questioned  the 
truth  of  this  statement,  at  least  in  its  fuU  acceptation ;  and  the  writer  last- 
named  affirmed  **  that  wherever  these  creatures  are  completely  desiccated, 
hfe  can  never  again  be  restored.  In  this  respect  the  Kotifera  exactly 
correspond  with  animals  of  a  larger  kind :  Hke  them,  for  a  time  they  may 
continiie  in  a  lethargic  and  motionless  condition;  but,  as  is  weU  known, 
there  will  be  going  on  within  them  a  consumption  or  wasting  away  of  the 
body,  equivalent  to  so  much  nourishment  from  without  as  would  be  needed 
for  the  sustentation  of  life."  Neither  the  last  statement  nor  those  preceding 
it  are  correct ;  MM.  Schultze  and  Doyere  have  repeated  and  confirmed  the 
experiments  of  the  old  observers ;  and  the  latter  authority  concludes  that 
Botifera  may  be  completely  dried  in  pure  sand  in  the  open  air,  and  in  a 
vacuum,  without  losing  the  capability  of  being  revived  by  moisture.  Many 
indeed  are  sacrificed  in  the  process ;  but  enough  recover  to  demonstrate  the 
possibility  of  the  fact. 

This  extraordinary  power  of  resuscitation  after  drying  explains  the  re- 
appearance of  Rotatoria  on  the  collection  of  water  in  shallow  pools  which 
have  been  entirely  dried  up  by  the  hot  sun  of  summer,  and  their  con- 
stant presence  in  the  dry  debris  of  the  roofis,  and  even  of  the  interiors  of 
houses. 

In  their  relation  to  temperature,  also,  the  Rotatoria  exhibit  great  tolerance. 
M.  Doy^  proved  that  when  placed  in  water  at  from  11^  to  118^,  they 
could  afterwards  be  revived,  but  that  when  thrown  suddenly  into  boiling 
water  (at  212^)  they  were  at  once  killed.  In  the  latter  case,  the  sudden 
beating  is  supposed  to  coagulate  the  albuminoid  contents  of  the  animals,  and 
in  that  way  to  cause  death,  because  individuals  previously  dried  by  a  gradually 
ndsed  heat  of  216°,  252°,  and  even  of  261°,  were  many  of  them  still  capable 
of  being  revived. 

On  the  other  hand.  Rotatoria  can  live  in  water  at  the  freering-point.  They 
are  to  be  found  under  ice,  and  also  within  the  hollow  cavities  of  ice ;  and 
Perty  mentions  a  score  of  species  which  he  met  with  in  such  localities.  He 
also  recounts  meeting  with  individuals  contracted  in  a  more  or  less  globular 
figure,  preparatory,  as  he  surmises,  to  a  winter  sleep  or  torpor.  He  figures 
a  PkHodina  eryihropJuhalma  (XXXVIII.  4)  in  this  condition,  which  is  pre- 
csaely  the  same  as  that  assumed  when  the  animal  is  left  dry  ;  and  he  adds 
that  when  Searidivm  longicaudum  assumes  this  state,  it  withdraws  its  head 
within  its  envelope  and  doubles  its  tail  under  the  abdomen,  just  in  the  same 
W9J  as  a  Pbduira,  £hrenberg  doubtless  refers  to  this  same  contracted  con- 
dition in  the  account  before  quoted  from  him  (p.  449-50)  respecting  the 
Boti£Bra  found  at  great  altitudes  among  snow,  which  he  described  as  having 
an  ovate  figure  and  enclosed  in  an  egg-shaped  envelope. 

CcmKhUuB  and  LaeimUaria  are  examples  of  Rotifera  living  in  aggregated 
masses.  The  former  recalls,  by  its  compound  revolving  spheres,  the  appear- 
ance of  VoUfox  Olobaiar,  whilst  the  latter  occurs  in  small  transparent  jelly- 
like balls  adherent  to  the  leaves  of  aquatic  plants. 

At  times  the  Rotatoria  multiply  so  rapidly  in  small  stagnant  pools  as  to 
eokmr  the  water.  Hydatina  serUa,  Diglena  catelUna,  Triarthra,  and  Lepa- 
ddla  are  adduced  by  Ehrenberg  as  producing  a  milky  turbidity  in  water,  and 
the  Typhlina  viridis  as  imparting  a  green  colour. 
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The  Synehxta  BalHca  has  been  presumed  to  be  phosphoreeceat ;  and 
AnuroM  biremis  was  discovered  in  phosphorescent  sea- water. 

The  Eotatoria  are  distributed  everywhere  over  the  surface  of  the  eartJi,  in- 
habiting its  waters,  both  fresh  and  salt.  Of  the  known  species,  by  far  the 
greater  number  are  dwellers  in  &esh  water,  abounding  in  pools,  ditches,  and 
gently-flowing  streams,  especially  where  aquatic  pltrnts  grow  in  sufficient 
quantity  to  afford  shelter  and  indirectly  supply  food  by  the  hosts  of  animal- 
cules which  congregate  on  and  about  them.  A  too  much  overgrown  or  shaded 
piece  of  water  is  less  favourable ;  for  they  require  a  complete  intermixture 
of  air  with  the  water,  and  the  vivifying  influence  of  the  sun,  for  their  healthy 
existence.  Some  species  especially  delight  in  the  Uttle  turfy  pools  on  moors 
or  in  boggy  ground;  others  have  been  especially  fDund  in  green-coloured 
ponds — ^the  colour  being  due  to  Protozoa  and  minute  Algse,  which  furnish 
them  with  suitable  food. 

Some  of  the  early  observers  sought  these  animalcules  especially  in  infusions, 
very  generally  made  with  sage-leaves  and  chopped  hay ;  but  the  Botifera  are 
comparatively  rare  in  infusions :  a  few  common  species  only  appear ;  and  unless 
the  infusion  be  comparatively  fresh,  none  will  be  found ;  for  they  occur  in  no 
fluid  in  which  decomposition  is  going  forward.  When  they  do  exist  in  these 
infusions,  they  appear  at  a  later  period  than  do  the  Monadina  and  leas  highly 
organized  infusorial  forms. 

The  known  salt-water  species  are  comparatively  few ;  this  is  very  poesQdy. 
owing  to  their  being  much  less  sought  after  than  the  freshwater  animals. 
The  principal  marine  forms  recognized  are  Brachiwius  Mulleriy  B,  heptatomuif 
and  Sj/nchasta  Bcdtica.  Distemma  marina  and  Furcularia  marina,  Oolwrm 
uncinatuSy  G,  caudatus,  and  Anurcea  striata  are  encountered  in  both  fresh  and 
salt  water :  several  are  found  in  brackish  water. 

Immersion  in  water  is,  however,  not  necessary  to  their  existence :  thus  they 
are  to  be  found  in  the  damp  earthy  deposit  from  rain-water  spouts,  and  in  the 
detritus  of  the  walls  and  roo&  of  houses ;  in  the  moist  humus  or  decaying 
vegetable  matter  about  trees,  and  especially  upon  the  moist  roots  and  l^ves 
of  mosses  and  lichens — ^for  example,  among  the  tufts  of  Bryum  and  of  Hyp^ 
numy  from  which  they  may  be  separated  by  washing  with  a  little  water. 

We  have  mentioned  the  peculiar  habitat  of  Alherkay  within  the  intestine  of 
the  earth-worm,  of  which  animal  it  may  be  accounted  an  entozoon ;  the 
Notommata  Parasitus  also  leads  a  parasitic  existence  within  the  hoUow  spheres 
of  Volvox  Olobator ;  and  M.  Morren,  many  years  since,  gave  the  folLowing 
interesting  history  of  the  habitat  of  Rotifer  vulgaris  in  the  cells  of  Vauoheria 
clavata  (A.  N.  H.  vi.  p.  344)  :— 

**  The  labours  of  Beeper  show  that  the  cells  of  Sphagnum  are  sometimes 
furnished  with  openings,  which  place  their  interior  cavity  in  communication 
with  the  air  or  water  in  which  they  are  immersed.  This  skilful  observer 
satisfied  himself  that,  when  circumstances  are  &vourable,  the  Botifer  vulgtsrisy 
one  of  the  Infusoria  whose  organization  has  been  explained  by  the  researdies 
of  Ehronberg,  exists  in  the  cells  of  the  Sphagnum  obtusiMium.  This  grew 
in  the  air,  in  the  middle  of  a  tuif-pit :  but  Beeper  observed  its  leaves  in  water ; 
he  does  not  mention  whether  the  infusorial  animal  came  from  thenoe,  or 
whether  it  was  previously  contained  in  the  cavities  of  the  cells.  The  general 
purport  of  the  paper  seems  to  imply  that  these  Botifers  exist  in  the  cells  of 
that  part  of  the  plant  which  was  exposed  to  the  air ;  and  in  this  ease,  the 
presence  of  an  animal  so  complicated,  Uving  as  a  parasite  in  the  cells  of  a 
utricular  aerial  tissue,  is  a  phGenomenon  of  tibe  most  curious  kind  in  the  phy- 
siology of  plants,  and  the  more  so  as  this  animal  is  an  aquatic  one. 

**  1  recollected  that,  the  last  year  of  my  residence  in  Flanders,  I  found  at 


Digitized  by  VjOOQ IC 


OF  THE  JtOIATOXIA.  467 

Eveigliem,  near  Ghent,  the  Vatteheria  davata,  in  which  I  obseired  something 
similar.  M.  linger  had  already  pahlished  the  following  details  respecting 
this  plant  in  1828 :  *  Beneath  the  emptied  tubercles  and  at  seyeral  points  of 
the  principal  stalk,  at  different  angles,  nther  na^wer  branches  are  produced ; 
these  branches  are  generally  very  long,  and  greatly  exceed  the  principal  stalk 
in  length.  At  the  end  of  ten  or  twdve  days  after  their  development,  there 
are  seen,  towards  one  or  other  of  their  extremities,  here  and  there,  at  different 
distances  from  the  sunmiit,  protuberances  of  a  clavate  form,  more  or  less 
regular,  straight  or  slightly  bent  back ;  and  others  on  the  sides  of  the  stalk, 
which  have  the  form  of  a  capsule  or  vesicle.  These  vesicles  are  at  first  of  a 
uniform  biight-green  colour ;  and  without  increase  of  sice,  which  exceeds 
several  times  that  of  the  branches,  they  always  become  of  a  blackish -green 
cdour,  darker  towards  the  base ;  and  then  one  or  two  globules  of  a  reddish- 
brown  may  be  clearly  distinguished  there,  often  suixounded  by  smaller  gra- 
nules, evidently  destitute  of  motion,  whilst  the  great  ones  move  spontaneously 
and  fdowly  here  and  there  in  the  interior  of  the  capsule,  by  unequal  contrac- 
tions and  dilatations,  whence  arise  remarkable  changes  of  form.  I  saw  these 
gLobnles,  at  the  end  of  eight  or  ten  days  after  their  appearance,  still  enclosed 
in  the  capsule,  moving  more  and  more  slowly,  receiving  no  very  decided  in- 
crease, whilst  the  base  of  the  capsule  became  more  transparent ;  at  last  I 
observed  that,  instead  of  their  expulsion,  which  I  was  watching  for,  the 
extremity  of  the  capsule  at  the  end  of  some  days  took  an  angular  form,  and 
8ubeeq[uently  gave  birth  to  two  expansions  in  the  form  of  horns ;  it  remained 
in  this  state  and  became  more  and  more  pale,  whilst  the  animalcule  became 
darker  and  died ;  and  afterwards  it  ended  by  perishing  at  the  same  time  as 
the  otiier  parts  of  the  Conferva.' 

"Subsequent  researches  have  not  succeeded  in  informing  us  what  this 
animal  might  be,  of  which  Unger  spoke.  As  this  author  drew  so  much  atten- 
tion to  the  spontaneous  movements  of  the  propagula  of  the  VaneheiicB,  and 
as  he  admitted  the  passage  from  vegetable  life— characterized,  according  to 
him,  by  immobility — to  animal  life,  the  prindpal  criterion  of  which  was 
motion,  his  animalcule  was  confounded  wiUi  the  propagula ;  and  no  one,  so 
far  as  I  know,  has  returned  to  this  very  interesting  subject. 

"  When,  therefore,  I  found  the  Vaucheria  davaia  at  Ever^m,  I  was  as 
much  surprised  as  leased  to  see  the  mobile  body  noticed  by  Unger  better 
than  he  did.  With  the  aid  of  a  higher  magnifying  power,  I  found  it  easy  to 
ascertain  the  true  nature  of  the  animal ;  fbr  it  was  not  a  propagulum,  but 
a  real  animal,  the  Botifer  vulgaris^  with  its  cUia  imitating  the  wheel,  its 
tail,  &C. 

**  The  first  protuberances  or  vesicles  which  I  saw  containing  1Mb  animal 
enclosed  but  jone  of  them ;  afterwards  they  laid  eggs  and  multiplied ;  but  it 
seems  that  then  they  descend  the  tubes  of  the  Fati^^rta  and  lodge  themselves 
in  new  protuberances,  whose  development  they  may  possibly  stimulate,  as  the 
galls  and  oak-apples,  or  organic  transformations  attributable  to  the  influence 
of  parasitic  beii^ps. 

*^  The  Botifer  vulgaris  travels  quite  at  his  ease  in  these  protuberances ;  he 
traverses  the  partitions,  displaces  the  chromule  and  pushes  it  to  the  two  ex- 
tranities  ci  the  vesicle,  so  tiiat  this  appears  darker  at  these  parts.  One  day 
I  opened  a  protuberance  gentiy :  I  waited  to  see  the  Botifer  luring  out  and 
enjoy  the  liberty  so  dear  to  aU  creatures,  even  to  infusorial  animals ;  but  no 
— 4ie  preferred  to  bury  himself  in  his  priscm,  descending  into  the  tubes  of  the 
l^ant,  and  to  nestle  himself  in  the  middle  of  a  mass  of  gpreen  matter,  rather 
than  swim  about  freely  in  the  neighbourhood  of  his  dwelling. 

"  Some  of  these  protuberances  had  greenish  threads  appended  to  their  free 
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end^  and  others  had  none :  I  thought  at  first  that  these  threads  were  some 
mumu  from  within,  escaped  through  some  opening  which  might  have  served 
the  Eotifer  as  an  entrance ;  but  an  attentive  and  lengthened  obseiration  con- 
vinced me  that  in  this  there  w|»  no  solution  of  continuity,  and  that  the  arrival 
of  the  BoHfers  in  the  Vaucherim  was  not  at  all  to  be  explained  in  this  way. 
How  are  these  parasitic  animalcules  generated  within  them  ?  This  is  what 
further  research  has  some  day  to  show.  Meanwhile  I  have  thought  that  it 
should  be  made  known  that  the  animalcule  found  in  the  Vaucherug  by  linger 
was  the  Rotifer  vulgaris  of  zoologists." 

Several  of  the  Pkilodinceay  and  particularly  the  CaUidtnof,  have  been  met 
with  in  snow,  along  with  the  so-called  red  snow,  in  very  cold  regions,  and 
at  considerable  elevations,  such  as  above  the  perpetual  snow-lme  of  the 
Alps.  Perty  informs  us  that  mosses  and  lichens  collected  in  the  Swiss 
mountains,  at  a  height  of  9000  feet,  have  yielded,  on  washing  with  distilled 
water,  numerous  Infusoria,  including  several  Rotatoria,  viz.  Callidiria  eh- 
gans,  Rotifer  vulgaris,  Phihdina  roseola,  Dighna  catdlina,  and  Batulus 
lunaris. 

We  have  no  data  whereon  to  construct  laws  of  geographical  distribution 
for  the  Rotatoria.  Observation  has  proved  no  definite  regional  limitation  of 
species ;  wherever  searched  for,  the  same  species  seem  discoverable. 

Owing  to  the  perishable  nature  of  their  tissues,  the  Eotifera  do  not  occur 
in  a  fosffll  state ;  they  are,  moreover,  rare  components  of  the  showers  of  In- 
fusorial dust. 

Op  the  AFFnoTiEs  aih)  Classiftcatiok  op  the  Rotatoria. — ^That  the 
Rotatoria,  by  their  high  degree  of  organization,  should  be  elevated  in  the 
animal  scale  fer  above  Protozoa,  is  now  universally  admitted.  Indeed  they 
cannot  be  rightly  comprehended  among  Inftisoria  if  this  term  be  accepted  to 
indicate  a  definite  class  of  beings ;  for  although  there  are  slight  general  re- 
semblances between  some  Rotatoria  and  Protozoa,  no  true  near  affinities  of 
structure  exist  between  them. 

While  naturaMsts  generally  are  in  accord  on  this  necessary  separation  of 
Rotatoria  from  Protozoa,  they  are  much  at  variance  respecting  ihe  relative 
position  of  the  Rotatoria  in  a  classification  of  the  Invertebrata,  or,  in  other 
words,  concerning  the  true  affinities  of  the  class.  Thus  Burmeister,  Owen, 
Leydig,  Dana,  and  Oosse  would  range  them  among  Crustacea  as  a  particular 
order ;  whilst  Wiegmann,  Milne-Edwards,  Wagner,  Siebold,  CJohn,  Perty, 
Williamson,  Huxley,  and  others  would  class  them  with  Vermes — a  section 
eomprehending  Helminth®,  Turbellaria,  and  Annelida. 

We  shall  first  state  the  arguments  used  to  demonstrate  the  Crustacean 
alliance,  which  are  most  fuUy  and  powerfully  brought  forward  by  Leydig ; 
they  are,  that 

"The  external  figure  is  rather  that  of  Crustacea  than  that  of  Vermes. 
None  of  the  latter  have  a  jointed  organ  of  motion,  such  as  most  Rotifera 
possess  in  their  annulated  or  jointed  pseudopodium  devoid  of  all  viscera. 

"  The  shield-like  hardened  integument  or  lorica  of  some  species,  such  as 
EuManis  and  Salpina,  has  its  analogue  among  the  Crustacea,  whilst  in  none 
of  the  Vermes  is  a  similar  indurated  cuticle  to  be  found. 

*<  Vermes  are  destitute  of  striated  muscles ;  but  Rotifera,  equally  with 
Crustacea,  possess  them.  The  movements  of  many  species  recall  in  a  striking 
manner  those  of  Crustaceans.  The  nervous  system  supplies  further  evidence ; 
for  although  the  Rotatoria  have  no  pharyngeal  ganglionic  ring  and  no  chain 
of  abdominal  ganglia  proceeding  from  it,  yet  a  similar  deficiency  prevails  with 
the  Lophyropoda  and  the  Daphnice,  recognized  Crustaceans,  which  have  only 
a  cerebral  ganglion  and  radiating  nerves  like  the  Rotifera ;  consequently  it 
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eannot  be  adduced  as  a  law,  that  the  highly  developed  nervous  system  of  the 
hi^er  foims  is  an  essential  character  of  the  Crustacea. 

**  The  mode  of  termination  of  the  sensitive  nerves  Ib  that  seen  in  Crustacea 
and  Inseota ;  but  the  like  is  not  known  among  Vermes.  Ehrenberg  pointed 
out  the  similarity  of  the  eye-specks  to  those  of  Crustacea.  The  severid  seg- 
ments and  texture  of  the  alimentary  canal  afford  no  dedsive  evidence,  since 
many  Vermes  have  homy  jaws,  as  have  the  Rotifera.  The  masticatoiy 
fl^paratos  of  the  young  Ikvpknim  presents  a  pretty  close  resemblance  with 
that  of  Eotatoria — ^the  two  opposed  jaws  expanding  into  a  plate  toothed  with 
numerous  transverse  ridges,  like  those  of  iMdnvloTia.  The  stomach-glands 
probably  have  their  analogues  in  the  lobed  glandular  appendages — ^the  so- 
called  ^  salivary  glands  '*of  Cirripedia. 

'^  Similar  organs,  however,  exist  in  many  dorsibranchiate  Vermes ;  and  like- 
wise in  many  Vermes  and  lower  Crustacea  the  liver  is  represented  by  large 
ceLLs  with  peculiar  contents,  situated  in  the  waUs  of  the  stomach  and  intes- 
tine. The  absence  of  an  intestine  in  a  few  Botifera  may  appear  opposed  to 
their  Arthropodous  type ;  yet  in  the  Neuropterous  larva  of  Myrmeleo  the 
fjBoes  are  dischaiged  by  the  mouth,  and  the  rectum  itself  is  transformed  into 
a  spinning  oigan.  Moreover,  the  intestinal  canal  of  many  Botifera,  e,  g, 
EuManis  and  SUphanoeeros,  recalls,  in  its  peculiar  beU-hke  movement,  the 
exactly  similar  character  of  the  intestine  of  certain  parasitic  Crustacea 
(AdUk^es,  TracheUoftes,  &c.). 

"  The  substance  r^;arded  as  urinary  concretions  is  evidently  closely  re- 
lated to  that  formed  in  the  larva  of  Cyclops ;  but  no  such  point  of  resemblance 
is  found  among  Vennes. 

**  Lastly,  the  anatomical  and  physiological  phenomena  of  sexual  life  greatly 
fayonr  the  Crostaeean  relationship.  Several  minor  particulars  may  be  alluded 
to— such  as  the  production  of  two  kinds  of  ova  (indeed  the  winter  ova  of 
Tricarthra  have  a  great  likeness  in  the  construction  of  the  shell  with  the 
cphij^nal  ova  of  Daphnia),  the  fiict  that  many  species  carry  their  eg^  about 
with  them  (although  it  is  true  the  same  is  seen  among  Vermes,  for  instance 
CZ^pnn^),  and  the  occurrence  of  coloured  oil-corpuscles  in  the  yelk  of  not  a 
few  Botatoria — all  indicating  a  Crustacean  type.  The  striking  analogy  be- 
tween the  male  (in  some  sense  aborted)  Botatoria  and  the  males  of  many 
Cmstacea  is  one  of  &r  higher  import.  It  is  only  necessary  to  call  to  mind  the 
dindnntive  parasitic  males  Nordmann  discovered  in  the  females  of  AchtJieres, 
BraMella,  ChondracatUhtu,  and  AnehoreUa,  and  such  as  Eroyer  found  in 
other  Lemasopoda  and  LemcecB. 

"  Moreover,  the  embryonic  history  of  Botifera  is  in  favour  of  the  alliance, 
— ^viz.  the  imperfect  development  of  the  young  of  several  species,  on  their 
emergence  from  the  egg,  and  the  necessary  metamorphosis  they  undergo 
before  attaining  the  adult  condition.  Lastly,  the  diminution  or  even  com- 
plete disa{^)earance  of  the  eyes  after  birth  farther  indicates  an  analogy  with 
certain  Crustacean  forms. 

*'  Whilst  the  foregoing  considerations  approximate  the  Botifers  to  the 
Crustacea,  the  nature  of  the  respiratory  apparatus  and  the  presence  of  the 
vibratile  cilia  separate  the  two,  and  asmmilate  the  Botatoria  to  Vermes ;  yet 
in  both  these  particulars  they  make  an  equal  approach  to  Echinodermata, 
inasmuch  as  the  peculiar  vibratile  organs  of  Synapta  digitata  appear  to  be 
samilar  stiuctures  with  the  vibrating  organs  (tags  or  gills)." 

Now,  argues  Leydig,  it  seems  but  just  to  tdlow  the  sum  of  the  resem- 
Uances  to  any  class,  if  greater  than  that  of  the  differences,  to  determine  the 
systematic  position.  If  this  be  granted,  as  the  sum  of  resemblances  of  the 
il«tifera  with  the  Crustaceans  seems  assuredly  greater  than  that  of  their 
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diffisrences  from  them,  their  alliance  with  them  must  he  admitted.  Making 
due  allowance,  therefore,  for  the  yibratile  ciEa  and  the  peculiar  respiratcvy 
apparatus  of  Botatoria,  Leydig  would  constitate  th&n  a  special  class  of 
Crostacea,  under  the  name  of  (Xliated  Cmstaoea. 

The  foregoing  argoments  of  Leydig  for  the  Cmstaoean  nature  of  RotatcMia 
have  been  severally  met  and  replied  to  by  C.  Vogt,  in  a  recent  paper  **  On 
the  Systematic  Position  of  the  Rotifera  "  {Zeitsehr.  1855,  p.  193).  The  ob- 
jections advanced  are  these : — 

That  Leydig  assigns  an  nndoe  importance  to  external  resembbmoes ;  and 
that,  as  to  movements,  there  is  as  much  similarity  between  those  of  PhUodina 
and  a  leech,  as  between  those  of  any  other  of  the  Botifera  and  the  skipping 
motions  of  Entomostraca.  The  figure  is  no  actual  'evidence  of  affinity :  no 
perceptible  likeness  exists  between  fixed  Eotifera,  or  a  sac-hke  Notommaia 
and  a  Crustacean,  whilst,  on  the  contrary,  an  undoubted  similarity  prevails 
between  a  Sttphanoceros  and  a  Bryozoon ;  and  between  Notommata  tardigrada 
and  many  of  the  Vermes  the  resemblance  is  more  pronounced  than  that  be- 
tween any  of  the  Botatoria  and  a  water-flea.  Besides,  there  are  Vermes  of  a 
smooth,  oval,  discoid,  and  expanded  figure,  and  others  with  bodies  not  less 
clearly  divided  into  regions  than  the  Botifera. 

An  annulate  articulation,  like  that  of  the  pseudopodiimi  of  Botifera,  is  also 
a  feature  seen  among  Annelida ;  and  the  telescopic  joints  and  movement  are 
witnessed  in  Eunice,  It  is  the  possession  of  limbs,  each  consisting  of  several 
segments,  which  is  characteristic  of  Articulata,  both  in  the  full-^grown  and 
in  the  larva  condition,  and  not  an  asymmetrical  process  actually  forming  but 
a  single  segment.  Further,  spines  and  hooks,  in  some  d^pree  moveable  like 
the  pincer-processes  on  the  pseudopodium  of  Botatoria,  occur  in  many  Yennee, 
especially  among  the  parasitic  species.  Lastiy,  a  pair  of  jointed  locomotive 
oi^gans  is  never  found  among  Botatoria  at  any  period  of  their  existence.  The 
assertion  that  the  thickening  of  the  integument  as  a  lorioa  is  not  seen  in  anj 
Vermes  is  correct,  if  the  constitution  of  tiie  lorica  of  one  piece  be  a  neoessaiy 
feature,  although  the  thick  cartilaginous  tube  of  Oordiaceas  and  the  firm  in- 
tegument of  many  other  Annelids  may  be  adduced  as  analogous  conditions. 
But  if  a  lorica  may  be  composed  of  several  pieces,  the  whole  £Gunily  of  marine 
Annelida,  in  which  the  skm  b  hardened  into  a  firm  shield,  may  be  dted  as 
homologous.  To  Leydig's  remark  that  he  knows  of  no  Vermes  with  a  lorica, 
the  rejoinder  may  be  niade,  that  no  Crustacean  is  found  enveloped  in  a  gela- 
tinous sheath,  like  Notommata  cenirtara,  whilst,  on  the  contrary,  sud^  an 
investment  is  conunon  among  Vermes,  and  especially  exemplified  in  Siphono- 
stomum. 

Striated  muscles  are  not  unknown  in  Annelida ;  they  have  been  seen  in 
Salpa ;  and  in  some  Badiata  the  particles  of  muscles  separate  as  so  many 
disks.  Moreover,  such  muscles  occur  in  other  Invertebrata  besides  Crustacea^ 
and  they  therefore  fiimish  no  real  argument  for  allying  Botifora  with  the 
latter. 

The  nervous  system  lends  no  support  to  Leydig's  views,  as  he  professes  it 
do^.  A  coalesced  cerebral  ganglion  sending  off  nerves  to  depressions  in  the 
cuticle  armed  with  bristies,  finds  no  analogy  among  the  lower  Crustacea,  but 
exhibits,  on  the  other  hand,  an  actual  identity  of  structure  with  the  nervous 
system  of  the  Turbellaria.  The  same  resemblance  is  apparent  among  all  the 
Cestoidea,  the  Nemertaey  Phnaria,  and  Trematoda.  Again,  the  like  degrees 
of  development  of  eye-specks,  from  a  simple  heap  of  pigment  to  a  d^nite 
organ  witii  a  refracting  medium,  is  illustrated  by  all  tiioee  sections  of  the 
class  Vermes,  as  Quatrefages  shows  in  his  figures  of  the  Nemertm,  The  mode 
of  termination  of  the  nerves  described  by  Leydig  in  Botatoria  and  Crustacea 
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is  also  seen  in  Yermes ;  and  in  general  the  organisation  of  the  nervous  sy- 
stem is  much  more  in  accordance  with  that  of  Cestoidea  than  with  that  of 
the  lowest  Crustacea.  Leydig  remarks  the  great  similarity  of  the  maxillary 
apparatus  of  young  Daphnice  with  that  of  some  Botatoria,  hat  forgets  that  a 
similar  stmoture  occurs  in  many  Vermes.  On  the  other  hand,  there  are  no 
Crustacea  which  can,  like  seyered  NoUmrnuztcB,  protrude  the  maxillary  oi^gans 
as  prehensile  instruments ;  yet  it  is  a  common  phenomenon  with  many  Vermes. 
Further,  in  no  Articulata  are  the  anus  and  rectum  wanting,  as  happens  with 
some  Botatoria ;  for  although  in  the  larva  of  Myrmdeo,  as  Leydig  states,  the 
rectum  is  transformed  into  a  spinning  oigan,  still  the  viscus  is  present,  though 
modified  for  a  different  functional  purpose :  however,  among  Vermes  such 
an  imperfect  intestinal  canal  is  common  enough.  From  the  preceding  con- 
siderations, the  structure  of  the  alimentary  tube  must  be  admitted  to  accord 
lather  with  that  of  Vermes  than  with  that  of  Crustacea. 

The  secreted  solid  matter  in  the  cloaca  of  embryo  Cydop9,  compared  by 
Leydig  to  the  **  urinaiy  concretions  "  of  Botifera,  is,  however  (unlike  them), 
produced  originally  of  a  green  colour,  within  a  sac  on  each  side  of  the  intestine, 
but  subsequently  becomes  yellow,  and  is  discharged  through  the  cloaca.  Such 
aacs  or  cells  have  rather  the  signification  of  a  Uver,  and  are  common  among 
Vermes. 

Leydig  relies  most  on  the  phenomena  of  the  sexual  system  and  the  occur- 
rence of  distinct  male  animals.  But  Polynoe,  Exogone,  and  the  CywUmeidm 
produce  both  summer  and  winter  ova,  and  carry  them  about.  And  with  re- 
ference to  the  existence  of  small  distinct  males,  Krohn  has  proved  it  in  ^u- 
tolyius  proUfer,  whilst  among  Nematoid  worms  generally  a  marked  difference 
obtains  between  the  males  and  females;  and  what,  indeed,  can  be  more 
striking  than  the  difference  between  Distama  Olcenii  and  D.  hamuxiobium  ? 
The  variation  in  form  and  structure  between  the  two  sexes  can  therefore 
fiimish  no  differential  character,  seeing  that  it  occurs  alike  in  some  Crustacea 
and  in  most  bisexual  Vermes. 

The  occurrence  of  a  metamorphosis,  and  the  shrivelling  or  obliteration  of 
Uie  eyes,  are  phenomena  common  to  Vermes  and  Crustacea.  The  larval  SU-- 
phanoeeros  is  equally  comparable  and  similar  to  the  occasional  type  of  Annelid 
larva,  having  a  frontal  ciliary  wreath  in  advance  of  the  eyes,  or  otherwise  to 
the  larvae  of  NemerHdaSy  such  as  AlcerduB  caudaiu8y  as  to  the  embryos  of  any 
Crustacea.  Wherefore  all  Leydig's  characters,  even  where  they  indicate 
some  affinity  with  the  Crustacea,  exhibit,  at  least,  an  equally  dose  one  with 
Vermes. 

The  presence  of  vibratQe  cilia  and  the  peculiar  respiratory  organs  are,  as 
Leydig  admits,  circumstances  approximating  Botifera  to  Annelida.  A  tor- 
tuous canal  with  ciliated  tags  occurs  in  none  of  the  Articulata,  and  is  incon- 
sistent with  the  type  of  th^  water-breathing  apparatus.  At  best  there  is 
only  a  remote  analogy,  whilst  a  dose  similarity,  and  even  an  identity,  is  seen 
between  such  structures  and  those  of  most  Cestoidea. 

The  history  of  development  is  in  f&vour  of  the  Annelid  alliance,  and  op- 
posed to  Leydig's  hypothesis;  for  in  all  Crustacea  the  embryo  originates 
from  a  primitive  part  superposed  upon  the  yelk,  whilst  in  Botifera,  in  com- 
mon witii  all  Vermes,  such  a  supplementary  part  is  wanting,  and  the  embryo 
is  generated  from  tlie  entire  yelk. 

The  i^peal  to  metamorphosis  lends  its  support  to  the  present  argument : 
for  no  trace  of  resemblance  is  perceptible  between  the  larvsB  of  such  Crusta- 
ceans as  undergo  transformation,  having  three  pairs  of  jointed  legs  or  feet,  and 
the  embryo  stages  of  Botatoria — ^for  instance,  of  Stephanoceros,  with  ciliary 
wreath,  posterior  bunch  of  cilia,  lateral  eyes,  and  vermiform  trunk ;  yet  in 
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all  these  particulars  it,  on  the  contrary,  assimilates  to  the  larvae  of  Venaet, 
between  which  and  the  adult  state  the  diversity  is  equally  great. 

The  accompanying  tabular  statement  given  by  Yogt  briefly  {nnesents  the 
chief  points  of  the  discussion. 

SYSTEMATIC  POSITION  OF  THE  ROTATOKIA. 
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Cohn's  name  may  now  be  added  to  the  list  of  opponents  to  the  Cmstaeean 
alliance.  We  have  already  seen  (p.  447)  that  he  denies  the  occurrence  of  any 
metamorphosis  in  the  course  of  development  of  the  Botatoria,  and  by  so 
doing  sets  aside  one  indication  Leydig  brought  forward  in  favour  of  thetr 
alliance  with  Crustacea.  The  following  is  a  summary  of  his  arguments  against 
that  relationship : — **  The  ciliated  condition  of  the  Eotifera,  tiieir  respixatcMy 
apparatus,  their  nervous  system,  the  position  of  the  intestine,  and  even  tiieir 
general  form,  are  all  of  them  circumstances  in  favour  of  their  affinity  with 
Vermes."  Cohn  can  find  no  true  articulations,  but  merely  shallow  folds  of 
the  skin  in  the  principal  portion  of  the  body ;  and  even  tiie  pseudopodium 
and  toes  are  not  articidated  motory  organs  (or  limbs),  but  prolongations  from 
the  common  cavity  of  the  body.  The  circumstance  of  his  having  united  the 
Tardigrada  with  the  Systolides  (Rotatoria)  indicates  Dujaidin's  reoognitktt 
of  the  affinity  of  the  latter  with  Crustacea ;  for  in  structure  the  Tardigrada 
make  an  unmistakeable  approach  to  Arthropoda  by  the  pairs  of  limbs  and 
chain  of  ganglions  on  the  abdominal  surface,  and  to  Arachnida  also  by  the 
structure  and  disposition  of  their  digestive  organs,  by  their  suctorial  mouth, 
and  by  other  details  of  organization.  Their  association  with  Botatoria,  how- 
ever, is  not  recognized  by  any  other  naturalist  besides  Dujardin ;  and  tHey 
are  generally  placed  amongst  the  lowest  Arachnida,  near  the  Jh^cnoffomdm 
and  AearincB  (the  lowest  families  of  Arachnida)  (see  Section  V.,  Of  thb  Tab- 

mORADA.). 

A  still  higher  affinity  has  been  recently  claimed  for  the  Rotatoria  by  Mr. 
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Qone,  vu.  with  Arthropoda  and  Insects.  He  supports  this  notion  bj  an 
appeal  to  the  stniotnie  of  the  mazOlary  apparatus  and  to  snppoeed  analogies 
of  its  several  parts  with  the  mandibles,  jaws,  &c.,  of  insects.  The  ^'  mastax  '' 
(see  chapter  on  Digestiye  Apparatus)  he  identifies  with  a  tme  mouth ;  the 
**  mallei "  with  mandibles ;  l^e  "  manubria  "  possibly  with  the  cheeks,  into 
which  the  ''mallei"  are  articulated;  the  ''rami''  of  the  "incus''  with 
maxflbB ;  and  ihe**fiilerum  "  he  imagines  to  represent  the  "  eardines  "  sol- 
dered together.  H^Hiile  maintaining  this  connexion  with  Insecta  through' 
the  maTrillary  organs  in  their  highest  development,  he  suggests  their  affinity 
with  Polyzoa  by  the  same  organs  at  the  opposite  extremity  of  the  scale,  since 
the  oval  muscular  bulbs  in  Bowerhankia  approach  and  recede  in  their  action 
on  food,  and  seem  to  represent  the  quadnglobular  masses  of  Limnias  and 
Botifer  further  d^enerated.  If  this  affinity  be  correctly  indicated,  the  in* 
teresting  &ct  is  apparent  that  the  Polyzoa  present  the  point  where  the  two 
great  pcu^el  divisions  Mollusca  and  ijrticulata  unite  in  their  course  towards 
the  tme  Polypi  (see  Mr.  Gosse's  valuable  paper  in  the  Philosophical  Trans^ 
acUans,  1855).  In  a  memoir  since  read  before  the  Boyal  Society  (Phil, 
Trams,  1857)  by  this  same  distinguished  naturalist,  the  Crustacean  alhance 
is  fbrther  insisted  on  upon  the  ground  of  the  sexual  peculiarities  of  the  Ro- 
tatoria. In  this  paper  the  author  remarks  that  we  must  look,  for  a  parallel 
to  the  curious  facts  established  concerning  the  dioecious  character  of  Botifera 
and  their  peculiar  males  (see  p.  455),  to  the  Crustacea.  "  The  economy  of 
the  HectoeotyluB  of  certain  Cephalopod  Mollusca,  though  perhaps  even  stiU 
more  abnormal,  is  only  remotely  analogous.  Nor  is  the  parallelion  very  close 
of  those  Entozoa  in  which  the  males  are  organically  united  to  the  females,  as 
the  genera  Hetenmra  and  Syngamus^  described  by  Professor  Owen. 

"  In  the  class  Crustacea,  however,  many  examples  occur  of  a  sexual  differ- 
ence, which  may  instructively  be  compared  with  the  one  before  us.  Thus, 
among  the  Isopoda,  we  find  the  parasitic  genera  Bopyrus,  Pkryxus,  and  lone, 
in  which  the  males  are  notably  smaller  than  the  females,  very  divene  in 
form,  and  in  some  respects  inferior  in  structure.  In  the  Siphonostoma  '  the 
males  are  extremely  small,  and  do  not  in  the  least  resemble  the  females,' 
though  those  of  different  genera  bear  a  strong  resemblance  inter  m,  even 
when  the  females  are  very  dissimilar.  So  low  is  their  grade  of  organization, 
that  Bnrmeister  has  attempted  to  prove  these  minute  creatures  to  be  embry- 
onic or  larval  forms.  And,  finally,  in  the  Cirripedia,  Mr.  Darwin  has  proved 
the  existence  of  males  in  the  genera  Ihla  and  ScaJpeUitm,  which  are  very 
minute  as  compared  with  their  females,  excessively  abnormal  in  form,  and  in 
some  respects  in  an  embryonic  condition,  though  unquestionably  mature,  as 
shown  by  the  spermatozoa.  And,  what  is  still  more  interesting,  the  same 
accurate  zoologist  observes — '  After  the  most  careM  dissection  of  very  many 
gpedmeBBf  ....  I  can  venture  positively  to  assert  that  there  is  no  vestige  of  a 
mouth  or  masticatory  organs,  or  stomach.'  Again,  he  describes  the  internal 
strocture  as  '  a  pulpy  mass  with  numerous  oil-globules,'  and  the  sperm- 
veeade  as  '  a  pear-shaped  bag  at  the  very  bottom  of  the  sack-formed  animal, 
containing  eitiier  pulpy  matter,  or  a  great  mass  of  spermatozoa,' — terms  which 
mi^t  have  been  employed  in  describing  some  of  the  male  Brachtoni, 

*'  In  all  these  anal(^es  I  conceive  we  may  find  additional  reasons,  to  those 
that  have  been  before  adduced,  for  assigning  to  the  Botifera  a  zoological  po- 
sition among  the  Articulata." 

The  attempt  of  Mr.  Gosse  to  identify  parts  of  the  maxillary  rocchajusm  of 
Rotatoria  with  that  of  Insects,  althoiigh  praiseworthy,  is  in  our  opinion  un- 
succeesfhl,  and  involves  a  considerablo  stretch  of  imagination.  Moreover,  if 
ihe  identifications,  or  more  correctly  speaking  the  homologies,  be  correct,  we 
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do  not  see  that  this  oircumstance  is  f€fr  u  adequate  to  establiah  an  alliaBee 
with  the  Inaeota^  particalarly  when,  in  most  other  respects,  the  diffin^ioei 
between  the  two  groups  of  beings  are  so  yeiy  oonsiden^e.  Befening  only 
to  the  particulars  mentioned  in  Yogt's  critique,  we  may  observe  that  if  the 
aberrations  of  organization  of  Eotatoria  fix>m  the  lowest  Crustacea  raider 
their  alliance  with  the  latter  more  than  doubtfol,  still  less  possible  is  their 
connexion  with  the  highest  Articulata,  in  which  every  differential  chanrta 
becomes  more  developed. 

The  arguments  and  illustrations  of  Yogt  in  favour  of  the  dose  affinity 
of  Botatoria  with  Vermes  will  to  most  minds  appear  convincing;  but  should 
any  demand  further  evidence,  it  is  supplied  by  tiie  opinions  of  the  majority 
of  naturalists  and  by  the  reasons  adduced  in  their  support  At  present  we 
will  confine  ourselyes  to  the  views  and  aiguments  of  Perty,  Siebold,  William- 
son, and  Huxley. 

Perty  enters  into  no  discussion,  but  merely  states  generally  that  the  posi- 
tion of  Kotifera  with  Vermes  is  indicated  by  their  want  of  jointed  feet  in 
pairs,  and  of  a  ganglionic  abdominal  chain  such  as  Crustacea  have,  whilst,  on 
the  contrary,  they  are  provided  with  external  voluntary  and  internal  invo- 
luntary dlia,  after  the  type  of  Vermes.  The  dass  to  which  he  would  vSsx 
them  is  that  of  the  Thoracozoa  (Arthrocoa). 

Siebold  affirmed  that  the  affinity  of  Eotifera  with  the  Crustacea  is  bat 
remote,  since  they  are,  he  conceiyes,  deficient  of  a  distinct  abdominal  mem- 
brane, of  limbs  in  pairs,  and  of  striped  muscular  fibre, — undergo  no  meta- 
morphosis like  Crustacea, — ^haye  organs  of  resjaration  (cilia)  both  extenia% 
and  internally,  and  an  epithelium  lining  the  alimentary  tube,  such  as  no  Ar- 
thropoda  or  Crustacea  possess.  Subsequent  research  has  invalidated  a  fev 
of  the  reasons  put  forward  by  Siebold,  such  as  that  of  the  absenoe  of  striated 
muscles ;  but  the  majority  retain  their  force. 

Prof.  Williamson  argues,  from  the  particular  instance  of  Mdicertaf  againit 
a  Crustacean  relationship.  His  words  are — ''  In  the  possession  of  so  h^y- 
organized  a  form  of  voluntary  muscle,  in  the  investment  of  the  fasciculi  by  a 
saroolemma,  and  in  the  existence  of  a  well-defined,  ciliated,  cellular  epithe- 
lium lining  the  alimentary  canal,  we  have  indications  of  an  organization  ap- 
proaching that  of  the  lower  Articulata.  The  dental  apparatus  appears  to 
constitute  a  splanchno-skeleton,  like  that  of  the  Crustacea ;  but,  on  the  other 
hand,  the  absence  of  a  visible  nervous  system  removes  the  Meltccrta  fiar  below 
the  HomogangUate  animals.  That  they  should  possess  a  nervous  system  of 
some  kind  appears  almost  a  matter  of  necessity  if  the  presence  of  a  stnated 
muscular  fibre  indicates  volition ;  but  its  actual  existence  has  yet  to  be  de- 
monstrated. I  have  found  no  special  organs  of  circulation  or  respiration.  On 
watching  the  movements  of  the  small  free  cells  which  float  in  the  viseenl 
cavity,  as  well  as  in  the  tail,  it  becomes  obvious  that  the  fluid  contained 
withm  the  integument  moves  freely  with  every  contraction  ci  the  body.  I 
detect  no  vessels  or  pulsating  organs.  These  facta  also  tend  to  associate  the 
animal  with  the  Acrita  rather  than  with  the  Homogan^^iate  Crustacea.  At 
the  same  time  its  organization  is  of  a  higher  type  than  that  of  the  Bzyoioa. 

Again,  many  Vermes  possess  homy  jaws  not  wholly  unlike  those  of 

Botatoria,  together  with  sinular  stomach-glands,  equally  resembling  those  of 
some  lower  Crustaceans ;  and,  moreover,  many  Vermes,  e,  g.  CUpsme,  cany 
their  eggs  about  with  them." 

Prof.  Huxley  has  very  ably  examined  the  question  of  the  affinities  of  the 
Rotatoria.  Containing,  as  his  opinions  and  illustrations  do,  many  additional 
facts,  we  shall,  at  the  risk  of  some  repetition,  add  them  to  the  preceding  dis- 
cussions and  details.     In  the  first  place,  he  adopts,  as  a  group  of  the  lower 
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Annnlowa,  under  the  name  of  Annuloida,  the  seTeral  fiEunilies  Annelida,  Echi- 
nodennaUy  Tiematoda,  Turbellaria,  and  Nematoideay  and  in  company  with 
theee  he  would  place  the  Botifera.  *'  The  teims  of  leaemblance  (to  the  An- 
nnloida)  are  theee : — 1.  Bands  of  oiliay  resembling  and  performing  the  fanc- 
tionB  oi  the  wheel  organs,  are  found  in  Annelid,  Eohinoderm,  and  Trematode 
krvn.  2.  A  water-yascular  system,  essentially  similar  to  that  of  Botifera, 
is  fbond  in  Monoeoioas  AnneUds,  in  Trematoda,  in  Tnrbellaria,  in  Echino- 
dermsy  and  perhaps  in  the  Nematoidea,  the  Oestoidea,  and  the  Nemertidse. 
3.  A  similar  eonifition  of  the  nervous  system  is  found  in  Turbellaria.  4.  A 
somewhat  similarly  armed  giuard  is  found  in  the  NemertidsB ;  and  the  pha- 
ryngeal armature  <^  a  Nereid  larva  may  well  be  compared  with  that  of 
AJbirUa,  5.  The  intestine  undergoes  corresponding  flexures  in  the  Echino- 
derm  lairsB.  There  are  therefore  no  points  of  their  organization  in  which 
the  Botifera  di£Eer  from  the  Annuloida ;  and  there  is  one  very  characteristic 
dreomstance,  the  presence  of  the  water-yascular  system,  in  widch  they  agree 
withtiiem/' 

Prof.  Huxley  next  proceeds  to  inquire  to  which  of  the  Annuloida  the  Boti- 
fiem  are  most  dosely  allied,  and  in  so  doing  seeks  for  ihe  fundamental  types 
of  their  organizatlim  by  an  ingenious  mode  of  demonstration,  adducing  the 
genera  StephanoceroSf  PTdlodina,  Notammata,  BraehMnuSj  and  Lounwularia  as 
**  the  types  of  the  great  division  of  the  Botifera,  and  of  which  whatever  is 
true  will  probably  be  found  to  be  true  of  all  the  Botifera."  The  result  he 
arrives  at  is,  '^that  the  Botifera  are  organized  upon  the  plan  of  an  Annelid 
larva,  which  loses  its  original  symmetry  by  the  unequal  development  of  various 
regions,  and  espedaUy  by  that  of  the  principal  ciliated  circlet  or  trochal 
bsad."  After  some  further  remarks.  Prof.  Huxley  adds — **  I  do  not  hesitate 
to  draw  the  conchuion  "  (which  at  first  sounds  somewhat  startling)  <<  that 
the  B^fera  are  the  permanent  forme  of  Echinoderm  larva!,  and  hold  the  same 
relation  to  the  Echinoderms  that  the  Hydraform  Polypi  hold  to  the  Meduece, 
or  that  Ajftpendieularuie  hold  to  the  Ascidians. 

<<  The  larva  of  Stpunetdus  might  be  takei^  for  one  of  the  Botifera ;  that  of 
Opkiwra  is  eesentiaUy  similar  to  8iephaw>eeroe ;  that  of  Arteriae  resembles 
Laemukina  or  MeUeerta" 

Again,  this  talented  naturalist  believes  that  the  Botifera  ftimish  the  link 
b^ween  the  lower  Echinoderms  (which  otherwise  seem  to  lead  nowhere) 
tnd  the  Nemertidfle  and  Nematoid  worms,  the  Botifera  themselves  fdrming 
the  lowest  step  of  the  Echinoderm  division  of  the  Annuloida,  the  proposed 
lubkingdom  of  Cuvier's  Badiata. 

To  cdneidate  his  views,  Prot  Huxley  has  appended  to  his  essay  a  series  of 
diagrams  showing  the  essential  correspondence  between  Botifera  and  Annelid 
or  Edonodenn  larvsB. 

When  Lejdig  wrote  his  memoir  <»i  the  Botatoria,  he  had  the  advantage  of 
seeing  this  contribution  to  their  history  by  Prof.  Huxley,  and  has  remarked 
in  g»eral  terms,  of  the  above  views  and  their  illustrations,  that  although  the 
ingenuity  ctf  the  attempt  to  prove  Botatoria  permanent  larvae  of  Echinoderms 
most  be  admitted,  he  is  nevertheless  unable  to  adopt  the  hypothesis  of  the 
English  observer,  and  must  hold  to  his  own  idea  of  their  Crustacean  cha- 
neter. 

The  conclusicm  which  it  se^ns  to  us  must  be  adopted  is,  that  the  Botatoria 
belong  to  the  great  group  of  the  Badiata  known  as  Vermes,  and  stand  in 
Vkfxte  particular  relation  with  those  fEunilies  which  make  up  the  proposed  di- 
vision <' Annuloida." 

We  must  now  add  a  few  observations  concerning  the  affinity  exhibited  by 
the  Botatoria  with  the  Ciliobrachiate  Polypes  or  Bryozoa  (a  family  of  Polyzoa). 
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This  affinity  is  particularly  marked  in  the  genus  8tephanoeera$  on  the  put 
of  the  Rotifera,  and  in  that  of  Bawerhankia  on  the  side  of  the  Biyocoo. 
The  members  of  the  latter  genus  Uve  in  an  elongated  tubular  case,  and  have 
themselves  an  elongated,  rather  club-shaped  figure.  The  case  is  transparent ; 
its  upper  portion  is  soft,  so  that  it  can  dose  over  the  animal  whoi  retracted. 
The  head  of  the  Bryozoon  is  armed  with  several  long  processes  or  tentadcs 
similar  to  those  of  Stephanoeeros,  which  are  dothed  with  cilia  and  spines ; 
and  the  margin  of  the  head  itself  is  also  ciliated.  This  whole  armature  is 
retractile.  Musdes  are  distinguishable,  moving  the  several  parts.  The  di- 
gestive system  comprehends  a  mouth,  oesophagus,  gizzard,  stomach,  a  gastric 
tube  or  pylorus,  and  an  intestine,  lined  with  <nlia,  returning  upwards,  so  that 
the  anus  opens  near  the  mouth.  The  lining  membrane  of  the  gizzard  is 
moreover  furnished  with  many  homy  teeth,  seated  on  oval  musci^  bulbs, 
which,  according  to  Mr.  Gosse  (see  p.  473),  ^'approach  and  recede  in  their  acti<» 
on  food,  and  seem  to  represent  the  quadnglobular  masses  of  lAtnnias  and  J2o- 
tifer  further  degenerated.''  The  Bryozoa  as  a  class  are  reproduced  by  three 
modes:  1.  by  ova;  2.  by  dilated  gemmules;  and  3.  by  budding  (gemma- 
tion) from  the  common  stem  or  polypidom  where  they  grow.  The  second 
mode  is  not  met  with  in  Bawerhankia,  but  only  in  spedes  having  fleshy  or 
gelatinous  polyparies  (e.  g.  Halodactylus),  where  the  ciliated  gemmules  oeeur 
in  sacs,  which  appear  as  whitish  points  imbedded  in  the  general  mass.  Is  there, 
we  may  ask,  any  analogy  between  these  and  the  winter  ova  of  Botifera,  which 
are  in  some  cases  ciliated  or  hairy  ?  The  ovary  producing  the  ordinary  ova 
is  placed  dose  above  the  stomach ;  and  contiguous  to  it  is  the  testis,  filled  with 
spermatozoa.  The  ova  when  ripe  escape  into  the  general  cavity  of  the  body, 
where  they  are  surrounded  and  impregnated  by  the  spermatozoa ;  and  after 
several  have  accumulated  about  the  base  of  the  tentades,  th^  are  at  length 
discharged  through  the  anus.  The  ova  are  remarkable  from  their  irregulanty 
of  shape.  The  embryo  escapes  as  a  free  being,  not  unlike  some  dilated  Pro- 
tozoon,  but  by-and-by  it  fixes  itself,  produces  its  pedide,  and  assumes  the 
form  of  its  parent. 

On  comparing  this  description  of  Bowerbankia  with  that  of  Stephanocero$j 
the  points  of  similarity  between  the  two  are  very  many  and  striking.  Tlie 
points  in  which  Bowerbankia  chiefly  differ  are^l.  its  character  as  a  member 
of  a  compound  mass  or  polypary  from  which  it  may  itself  have  grown  as  t 
bud,  whilst  reproduction  by  gemmation  is  unknown  among  Botifera ;  2.  the 
position  of  the  ovary  above  the  stomach,  in  close  proximity,  with  an  evident 
testis ;  3.  the  apparent  absence  of  an  oviduct,  and  the  consequent  escape  of 
the  ovum,  followed  by  its  fertilization,  within  tiie  general  cavity  of  the  body; 
4.  the  imperfect  development  of  a  maxillaiy  apparatus ;  5.  the  absence  ni  a 
water-vascular  system ;  0.  the  greater  length  and  stiffness  and  more  slender 
figure  of  the  tentacles  or  arm-like  processes  of  the  head  ;  and  7.  the  different 
disposition  of  the  dlia  upon  them — for  these  in  Stephanoeeros  are  arranged 
in  Uttie  bunches  or  whorte  at  short  distances  from  each  other. 

But  several  of  these  distinctive  particulars  lose  much  of  their  force  from 
other  comparisons  and  considerations.  Thus  the  absence  of  an  oviduct  is 
admitted  as  an  occasional  event  in  Botifera ;  and  the  escape  of  the  embryn 
into  the  general  cavity  of  the  body  has  been  stated  by  many  observers  b> 
occur  in  Stephanoeeros ;  Leydig,  however,  denies  this ;  yet  the  birth  oi  the 
young  in  Philodina  and  their  active  life  within  the  body  of  the  parent  maj 
present  the  analogy  in  request.  It  cannot  be  afllrmed  with  certainty  that 
Bowerbankia  is  unlike  Stephanoeeros  in  having  a  testis  in  company  with  the 
ovary ;  for  no  male  Stephanoeeros  has  yet  been  found,  and  some  doubtfol 
structures  have  been  by  some  assumed  to  represent  the  testicle.     To  dte  jet 
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«ii0tiher  dreumstanoe,  a  water-TBSctilar  system  is  indistinct  in  J^ephanoeeros, 
and  'would  be  overlooked,  as  Leydig  remarks,  did  not  the  knowledge  of  its 
form  and  of  its  existence  in  other  Eotatoria  direct  in  the  search  for  it ;  and,  on 
the  other  hand,  sach  a  structure  has  not  been  sought  after  in  Bawerbankia, 

These  and  other  considerations,  which  might  easily  be  added  to,  lessen  the 
differential  characteis,  and,  together  with  the  many  imdoubted  points  of  re- 
semblance  between  Bawerbankia  and  8tephanocero8f  incline  us  to  the  very 
{»«yalent  opinion  that  there  is  a  real  affinity  between  Eotifera  and  Bryozoa, 
although  we  would  not  go  so  fiur  as  some  naturalists  and  place  the  genus 
SUphanoeeros  among  the  latter. 

Huxley  entertains  an  adverse  opinion,  and  believes  that  '^  there  is  a  Amda- 
mental  error  in  approximating  the  Polyzoa  and  the  Rotifera  at  all,  that  the 
resemblance  between  Stephanoceros  and  a  Polyzoon  is  very  superficial,  and 
that  the  relations  between  the  Polyzoa  and  the  Rotifera  are  at  the  best  mere 
analogies." 

The  resemblances  between  the  Eotatoria  and  the  Ciliated  Protozoa  are 
merely  superficial.  Vagmicola  is  enclosed  in  a  transparent  sheath,  like  a 
Flo$eularia  or  a  Tubicolaria ;  the  urceolated  individuals  of  Ophrydium  are 
gronped  into  gelatinous  balls,  like  those  of  Conochilus ;  the  ciliary  wreath 
about  the  head  of  VorticeUa,  Stentor,  and  Vagirdcola  makes  an  approxLma- 
tioQ  to  that  of  Rotatoria ;  and  the  contractile  muscular  pedicle  of  VorticeUa 
and  Zoothamnium  recalls,  in  some  respects,  the  retractile  pedicles  of  the  fixed 
Rotatoria. 

A  connecting  link  is,  however,  supplied  between  the  Ciliated  Protozoa  and 
the  Rotatoria  by  most  genera  of  tiie  family  Ichthydina,  which  Ehrenbeig 
indeed  numbered  among  the  latter  class.  This  great  microscopist  had  but  an 
imperfect  acquaintance  with  their  organization ;  and  at  the  present  time  our 
knowledge  of  it  is  far  from  complete.  The  genera  referred  to  are  Ichthydium 
and  Chatonotus ;  and  perhaps  Mr.  Gosse's  genus  Sacctdus  should  be  imited 
with  them.  The  genus  GlenopTiora  of  Ehrenberg  is  not  recognized  by  most 
naturaUsts. 

Tliey  differ  from  Rotatoria  in  having  no  transverse  joints  or  folds  to  the 
body,  no  water-vascular  system,  no  appreciable  musdes  or  nerves,  whilst 
the  ciliaiy  wreath  is  on  the  model  of  CUiated  Protozoa,  and  the  alimentary 
canal  aft^  the  type  of  that  of  Nematoda  and  of  Anguillula.  The  vibratile 
cilia  ^tend  also  over  the  abdominal  surface  of  Ichthydium,  and  over  both 
the  ventral  and  dorsal  of  Chcetanotus,  Lastly,  according  to  M.  Schultze  they 
are  hermaphrodite,  and  have  pin-shaped  spermatozoa.  These  peculiarities  of 
organization  have  induced  observers  generally  to  exclude  these  genera  from 
Rotatoria.  Dnjardin  has  found  a  place  for  them  along  with  Colepa ;  and  a 
doabtfnl  subgenus  he  named  Planariola,  as  a  subclass  of  Ciliated  Protozoa, 
unlike  the  rest  of  this  class  in  being  symmetrical. 

Another  link  between  Rotifera  and  the  Ciliata  is  to  be  found  in  the  peculiar 
genus  Dysteria,  which  Prof.  Huxley  referred  to  the  Euphta,  and  Mr.  Gosse 
to  the  Monocercadeo!  among  the  Rotatoria  (see  p.  387). 

Classificatiok. — Since  no  observers,  prior  to  Ehrenberg,  duly  recognized 
the  Rotatoria  as  a  class  distinct  from  the  Protozoa,  we  may  at  once  commence 
with  an  analysis  of  the  classification  he  has  proposed. 

Una  was  based  on  the  apparent  structure  of  the  rotary  organ,  of  which  he 
distingniahed  two  types :  1.  in  which  the  circlet  of  cilia  is  complete — Mono- 
troeha ;  2.  in  which  it  is  divided  into  two  or  more  Begmeni&Sorotrocha, 
Each  typical  form  was  subdivided ;  the  first  into  ffolotrocha,  in  which  the 
dhated  ring  is  entire,  and  Schizotrocha,  in  which  the  wreath  is  notched.  The 
second  (Sorotroeha)  into  Polytroehay  with  a  compoimd  wreath  of  several  lobes 
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or  seoondaiy  ciidets,  and  into  Zygatroeha,  where  the  oigan  consistB  of  two 
(a  pair  of)  symmetrical  wreaths. 

The  further  diTiaion  of  these  seoticms  into  fiunilies  was  foonded  on  the 
circomstanoe  of  the  animals  heing  either  loricated  or  not  loricated ;  and  the 
distribution  into  genera  was  made,  primarily,  according  to  the  nnmber  and 
disposition  of  the  red  eye-specks,  and  in  a  secondary  degree,  according  to 
the  characters  of  the  jaws  ai^  tee^,  or  of  those  of  the  foot-process,  or  other- 
wise, more  rarely,  of  the  lorica. 

This  classification  we  present  in  a  tabulated  form  for  convenienoe  of 
reference. 

CLASS  EOTATOEIA,  ACCORDING  TO  EHRENBERG'S  SYSTEM. 
SEOnON  I.  MONOTEOCHA 

rAMlLI18. 

/  feyesabflent  . 

niorioated:     loh-J 

Ihydina   | 

(,6y6t  prosont Olcnophonu 

{loricflB  distinct CKriiteB. 
loricse  agglomerated  Conodiiliu. 


Loricated:  GSoistina 


{u^i^^u^^4.    r with  tanmcated foot Ptygura. 
hairatMent  |  ^ith  forked  foot Ictaiydinm. 
hair  preaent    Ohaionotas. 


Elorioated:  M^ga- 


r  eyes  absent Cvphmumtn. 


lotroohiea    |  eyes  present 


{cmeeye    Mierooodcn. 
two  eyes  Megalotrooha. 


/"eyes  absent Tubioolaria. 

one   eye   (when 


Loricated :  Floscu- 
laruea 


young) 

two  eyes  (when 
young)     


.  Stephanooeroe. 


eyes  absent 


^^^^  ^.--^  \AHA  /  «w»oli  distinct . 

rotoiy  organ  WW  I  ^^^^^^  agglcnnerate  Ladnularis. 

rotary  organ  4-fid  Melicerta. 

rotary  organ  5-6-fid  Fbecolariai 

SECTION  n.  SOEOTEOCHA 

BiTIBION  I.  POLTTEOCHA. 

no  teeth Entetoplea. 

^^,  Maw  many-toothed  Hydatina. 


one  eye 


two  eyes 


three  eyes 


^  jaw  one-toothed Pleurotroofaa. 

'^  frontal..... ^ Foroolaria. 

^fooi  styliform lijonooeroa. 

Cmtal  cilia  alone  Notommata. 
da        with  styles  Syndueta. 
do.        with  uncini  Scaridinm. 
y  with  lateral  cirriiL .  Potyarthra. 

frontal      f  ^*  furcate Di^ena. 

foirriii  on  neck Tnarthra. 

|footstyhform  (  eirrhi  wanting Batolua. 

cerrical    ...foot furcate Distemma. 

Triophthahnns. 

"BoBpbcfn. 

Otoffkoa. 

eyesnumer- r CjiSo^ea^ 

..  Theorus. 
^  Lepadella. 
Monostyla. 
ICastigDcerot. 


Bndilanidota...  eyes  absent . 


Salpiua. 

Dinocfaaris. 

Monttra. 

Goloms. 

Metopidia. 

Stephanops^ 

SquameHa. 
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Phibdiiim ' 


<  Brnchioniea 


0jtB  absent 

eyw  present 
'ejes  absent. 


PiTIfflOll  II.  ZTQOTBOaU. 


with  a  proboaois  and  £ooi>prooenea 

fool  wi^  horn- rtenmnalloeatwo...  BotifBr. 

Uke  prooeaaea  \  do.         tfaree  Aotararoa. 

foot  wuhout  such  prooeaaea ;.  terminal 

toeatwo  Monolabia. 

twocerrioal  ' Philodina. 

footftiroate  ..' Noteua. 


two  frontal 


eyes  present - 


j-L.^/.uLu.:jL^n  /foot absent AnnnM. 

one(oemoal)  jfootfoj^,^ Brachionua. 

two  (frontal),  foot  styUform Pterodina. 

Many  seriouB  objectioiui  attach  even  to  the  ftindamental  principles  which 
Ehienbeig  has  adopted  in  his  systCToatic  distribution  of  Botifera.  Leydig 
has  well  aigned  against  the  existence  of  an  actually  componnd  trochal  disk 
(p.  398) ;  and  to  designate  the  peculiar  ciliated  organs  of  Flo$mlaria  and 
Si^Tumoeeros  simple  notched  wreaths  is  certainly  a  misncmiery  and  oonTeys 
an  erroneous  impression. 

The  employment  of  the  '^  loricated  "  and  **  illoiioated ''  eondition,  as  nn- 
derotood  by  Ehrenberg,  in  the  oonstraction  of  &mi]ies,  is  eyen  more  frtnlty ; 
for,  as  before  observed  (p.  394-5),  he  uses  the  term  **  lorica ''  so  loosely,  that 
it  designates  no  one  special  structure.  The  existence  and  position  df  eye- 
specks,  as  characteristic  of  genera,  are  very  uncertain  and  insufficient.  These 
coloured  specks,  especially  when  numerous,  are  not  constant  either  in  number 
or  position ;  they  disappear  with  age  in  numerous  instances,  in  some  even 
before  the  adult  condition  Lb  attained ;  they  may  be  deficient  from  various 
external  circumstances  of  development ;  and,  in  general,  they  have  not  that 
importance  in  the  organization  and  lifd  of  the  Botatoria  which  can  warrant 
their  employment  as  generic  distinctions.  The  forma^on  of  the  jaws  and 
the  number  of  the  apparent  teeth  might  afford  valuable  characteristics ;  but 
they  are  fruits  difficult  of  determination  on  account  of  the  minuteness  of  their 
parts.  From  the  above  considerations  it  is  evident  that  the  descriptions  of  the 
Berlin  Professor  are  open  to  much  question,  and  the  generic  charoctera  based 
on  them  imcertain. 

That  this  artificial  system  of  Ehrenberg  is  erroneous,  is  also  evidenced  by 
the  separation  of  undoubtedly  allied  forms  which  it  often  entails.  This  evU 
involves  another,  that  of  the  unnecessary  multiplication  of  genera  and  of  di- 
stinctive names.  Thus  Bujardin  rightly  insists  on  the  erroneous  distribution 
oi  a  naturally  single  genus,  from  the  really  unimportant  variation  in  the 
number  of  coloured  specks,  into  the  several  genera  Lepaddla,  Metapidia, 
Stephanopsy  and  Squamella ;  and  also  indicates  the  division  of  the  funilies 
PhUodincea  and  Hydatincea  as  carried  too  fro*.  On  the  other  hand,  the  ex- 
tensive genus  Notommata  comprehends  many  very  dissimilar  animals,  including, 
for  instance,  not  only  such  as  possess  the  tj^cal  alimentary  canal  of  the 
Botifera,  but  also  those  recently  discovered  forms  that  diverge  frt>m  that  type 
in  wanting  a  separate  anal  outlet.  Such  a  genus  requires  revision.  The 
seme  may  be  said  of  the  genus  Diglena.  In  the  opinion  of  many  naturalists, 
the  Berlin  Professor  falls  into  an  additional  error  in  admitting  the  frunily 
Ichihydina  among  the  Botatoria.  In  fiine,  the  result  of  modem  research  is  to 
call  equally  in  question  several  of  the  subdivisions  and  genera  which  he  has 
instituted. 

Although  the  defects  and  errors  of  Ehrenberg's  system  be  generally  ad- 
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mittedy  yet  several  writers,  such  as  Siebold,  Pertj,  and  Qosse,  have  be^i  con- 
tent to  employ  it  in  the  absence  of  a  better.  Indeed,  before  a  correct  natural 
daasification  of  the  Rotatoria  can  be  made,  the  organization  of  each  inde- 
pendent form  must  be  investigated,  and  the  signification  and  relative  import- 
ance of  its  parts  determined. 

Various  temporary  arrangements  have  been  suggested.  Ehrenberg  himself 
indicated  a  division  of  the  class  according  to  the  form  and  disposition  of  the 
alimentary  canal,  and  another  according  to  the  structure  of  .the  dental  appa- 
ratus. Both  these  are  unsatisfactory  and  artificial ;  and  even  their  author 
was  compelled  to  admit  that  genera  and  species  were  thereby  associated  in 
alliances  quite  difierent  from  those  they  occupied  in  his  accepted  system. 

Dujardin  considers  that,  '<  in  the  present  state  of  science,  we  do  not  possess 
the  elements  of  a  definite  classification ; "  and  therefore  proposes,  as  a  merely 
provisional  scheme,  four  grand  divisions  of  the  Rotatoria,  induding  the  Tardi- 
grada:  viz.,  1.  those  which  live  fixed  by  their  posterior  extremity;  2.  those  which 
have  but  one  mode  of  locomotion,  and  are  always  swimmers ;  3.  those  which 
enjoy  two  modes  of  progression — ^by  crawling,  after  the  manner  of  leeches,  and 
by  swimming ;  4.  those  which  creep  by  moveable  uncini  on  their  lower  sur- 
face, and  are  destitute  of  cilia.  It  is  the  Tardigrada  which  constitute  this 
fourth  division ;  and  they  so  far  differ  from  Rotatoria,  particularly  in  the  ab- 
sence of  a  ciliaJ7  apparatus  and  the  presence  of  rudimentary  feet,  that  their 
alliance  with  the  latter  is  generally  objected  to ;  even  Dujardin  himself  views 
it  as  of  doubtful  propriety. 

The  classification  of  Dujardin,  omitting  the  Tardigrada,  is  as  follows  : — 

Families. 


1.  Fixed  forms 


2.  Having  one  mode  of  looomotion,  yiz.  by  swimming 

3.  Having  two  modes  of  locomotion :    1.  by  swimming ; 

2.  by  crawling 


r  Flosoclaiuexs. 
[  Mblicertibks. 

'  BBACHIORIElld. 

fuhculabibns. 
Albkbtisvs. 

botif&rbb. 


For  the  further  division  into  genera  we  must  refer  to  Dujardin's  work. 
The  system,  as  Leydig  remarks  of  it,  is  founded  on  a  correct  principle,  and 
recommends  itself  by  its  simplicity.  The  groups  of  individuals  it  brings 
together  generally  consort  by  natural  affinities ;  still  some  are  exceptional  and 
aberrant,  and  occur  as  disjecta  membra, 

Leydig  makes  the  attempt  to  form  a  division,  primarily  according  to  the  form 
of  the  body,  and  secondarily,  to  the  nature  and  the  presence  or  the  absence 
of  the  foot-process.  There  are  three  primary  forms : — 1.  in  which  the  figure 
is  club-shaped  or  cylindrical ;  2.  in  which  it  is  saccular ;  3.  in  which  it  is 
compressed.  The  accompanying  plan  represents  in  frill  the  system  in  ques- 
tion.   The  lehthydina  are  omitted. 

LEYDIG'S  CLASSIFICATION. 
A.  Figare  club-shaped  or  cylindrical. 

I.   With  a  long,  transversely  wrinkled,  attached  foot. 

In  this  section  are  comprised  the  families  (Ecietina,  Megalotrochaa,  and 
Floscularixea  of  Ehrenberg,  excepting  the  genera  Ptygura,  Glenophora, 
Ct/phonautes,  and  Microcodon.    The  last  belongs  to  another  section ; 
and  the  other  three  are  incomplete  forms. 
II.  With  a  hng^jointedy  telescopic,  and  retractile  foot. 
Is  represented  by  the  family  Philodimsa  (Ehr.). 
ni.  With  a  law,  jointed,  not  retractile  foot. 

Includes  the  genera  Scaridium  and  Dinocharis  (Ehr.). 
rV.  With  a  short  foot  and  long  foot-processes. 

Includes  the  genera  Monccerea,  Furcularia,  and  Microcodon  (Ehr.),  and  the 
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mmAm  IMammata  Tk^  uid  N.  kmffiaeia  (JEbr,),  Leydig  mnnifM  tfaftl 
Microcodon  ia  a  male  animaL 
V.   With  a  short  foot;  the  foot-proceMtes  equal  to  the  foot  in  length,  or  but  diffhtfy 
shorter  or  longer, 

Comppaes  the  ffenera  S^^datma,  PUurotrocha,  Diglena,  Ratulus,  ZHstemma, 
WoohthaiimiSy  Eosphora,  Cgcloglena,  Tkeorus,  S^hmta  (EStr.),  and 
Linaia  (Beg.) ;  together  with  the  species  Notommata  Tuba,  N.  petro* 
nwton,  N.  saedgera,  N.  Copeus,  N,  eentrura,  N,  braeJ^ota,  N,  ooUaris, 
If.Nqpas,  N.  aurita,  N.  gibba,  N.  ansata,  N.  deeipiens,  A.  FeUs,  N.  para- 
sitica, N.  triptts  (Ehr.X  N,  tardigrada  (LejdigX  N,  vennieularis  (l>iu.)t 
N,  roseola  and  N.  oniscifomUs  (Pertj),  and  the  Furcularia  RheinharaHi 

iEhrA  whidi  is,  howerer,  actoaUy  a  Notommata,    The  genus  Lindia 
Dig.)  is  doubtful ;  sod  that  of  Enteroplea  (Ehr.)  is  the  male  of  B^da* 
tina  senta, 
VI.  Without  afoot. 

Is  represented  by  the  genus  Albertia  (Big.). 

B.  Kgure  saccular. 

L  With  a  short  foot. 

Such  are  the.spedee  Notommata  clavulata?,  N.  Myrmeleo,  N.  Sgrinx,  and 
Diglena  lacuBtris, 
n.  Without  a  foot. 

Includes  Notommata  angliea  (pslrympld),  N,  JSieboldu^  (Leydi^X  Pblgarthra 
'  tgptera  (^hr.),  and  Uie  genera  Trior "      -        - 


TViarthra  (Ehr.)  and  Asoomorpha 
^Pe^). 

C.  Figure  oompresMd. 

a.  Compressed  horisontallj. 
I.  With  a  foot, 

Bepresented  by  the  genera  Euehlanis,  LepadeUa^  Monostgla,   iietopidia, 
Stephant^    Sqimmella,   Noteus,  Braehionus,  Pterodina  (Bhr.),  and 
Notogonia  (Perty). 
n.  Without  afoot. 

The  gcinns  4nuraa  (JSta,). 

b,  Compressed  laterally. 
Includes  ihe  genera  Salpina,  Mastigocerca,  Jlfonura,  and  Cohrus  (Ehr.). 

This  arrangement  of  the  Rotatoria  the  author  confesses  to  be  defective. 
In  our  opinion,  it  has  no  advantage  over  the  scheme  of  Dujardin,  and,  on 
the  other  hand^  wants  its  simplicity.  Its  basis  is  not  such  as  will  combine 
the  species  according  to  their  natural  affinities ;  for  there  is  no  necessary  or 
direct  relation  between  external  form  and  internal  organization,  and  it  is  on 
the  latter  alone  than  any  classification  can  securely  repose. 


2i 
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Sect.  V.— OF  THE  TARDIGRADA. 

Thbib  Structube,  Habitatb,  and  Affinities. — ^The  Tardigrada  or  Tardi- 
grades  (in  German,  Wasserhdren,  lit.  water-bears)  constitute  a  small  group 
of  animals,  first  noticed  by  Eicbhom,  and  latterly  more  ftilly  investigated  by 
Boy^,  Dujardin,  and  Xaufmann. 

Their  size  is  so  considerable  (from  ^^^  to  ^th  of  an  inch  in  length)  that 
they  are  visible  to  the  naked  eye.  They  have  oblong,  symmetrical,  non- 
dliated,  and  very  contractile  bodies,  admitting  of  their  rolling  themselves  into 
a  ball,  and  of  otherwise  varying  their  figure.  The  head  is  somewhat  pro- 
duced, assuming  a  conical  or  pyramidal  figure ;  but  they  have  no  pseudopo- 
dium  or  other  posterior  process. 

They  are  invested  by  a  resistant,  firm,  and  sometimes  homy  int^^ument, 
composed  of  two  layers.  The  firmness  is  due  to  the  chitinous  composition  of 
the  external  lamina  or  cuticle,  which  is  not  affected  by  caustic  alkali.  In 
Emydium,  M.  Doy^re  describes  the  integumeni  to  consist  of  four  homy 
plates.  During  contraction,  the  int^^ument  is  thrown  into  transverse  folds, 
and  the  anterior  and  posterior  segments  retracted.  Its  surface  is  generally 
smooth ;  but  in  Emydium  there  are  a  few  pretty  regularly  disposed  bristles 
(setsB)  on  the  back  and  sides ;  and  in  the  neighbourhood  of  the  mouth  there 
are,  as  a  rule,  several  soft  flexible  processes,  palpi  or  antennae.  Numerous 
and  definite  muscles  extend  between  the  inner  skin  or  epidermis  and  the 
various  organs  and  members. 

The  under  or  abdominal  surfiice  is  clearly  distinguished  from  the  dorsal  bj 
the  presence  of  four  pairs  of  mdimentary  feet  without  joints,  each  consisting 
of  a  nipple-like  (mammilliform)  process  supporting  on  its  extiremity  from  two 
to  four  well-developed  curved  and  acute  uncini  or  hooks.  These  are  the 
locomotive  members  by  which  the  animals  crawl  upon  and  adhere  to  solid 
substances. 

The  head  is  without  a  trochal  disk  or  dliaiy  wreath,  vibratile  cilia  being 
entirely  wanting.  The  mouth,  opening  at  its  extremity,  in  the  median  line* 
is  modified  so  as  to  form  a  sucking- tube  ;  it  is  narrow,  and  drawn  out  to  a 
more  or  less  fine  extremity ;  it  is  bounded  on  each  side  by  a  lateral,  rigid, 
homy,  narrow  or  linear  process — the  maxilla,  which  is  moveable  upon  a 
single  or  double  central  piece  or  fulcrum.  The  whole  organ  constitutes  a 
tube-like  sucker,  and  is  protrusile  at  will  beyond  the  head,  like  the  suctorial 
mouths  of  Aeari  and  Insecta.  On  each  side  of  the  mouth  are  the  small  Te- 
tractile  palpi  already  noticed. 

The  mouth  opens  posteriorly  in  a  pharyngeal  muscular  bulb,  furnished 
internally  with  a  homy  articulated  dental  apparatus,  serving  to  crush  food,  but 
less  highly  organized  than  in  Eotifera.  Under  the  polarii^  microscope  tiie 
manducatory  organs  exhibit  the  same  appearance  as  horn.  From  them  the 
food  passes  into  an  elongated  tubular  stomach  or  intestine,  continued  straight 
through  the  body,  and  terminating  in  an  anus  at  the  posterior  extremiiy.  In 
its  course  it  presents  numerous  lateral  oflfehoots  or  diverticula. 

No  form  of  respiratory  or  circulatory  apparatus  has  been  detected ;  but  a 
multitude  of  granules  and  corpuscles  are  seen  to  float  freely  in  the  general 
cavity  between  the  integument  and  the  alimentary  canal,  which  Doy^  sup- 
posed to  be  concerned  in  the  processes  of  nutrition,  and  to  be  analogous  to 
blood-corpuscles.  M.  Quatrefages  states  that  the  fluid  within  the  body  is  in 
perpetual  irregular  motion. 
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The  nenroos  sjstem  is  well  developed.  It  oonaista  of  a  cham  of  gan^ia, 
with  intercommnnicatiiig  (anaatomoaing)  nerve-fibres,  besidee  a  central  or 
cerebral  ganglion. 

The  eyes  are  variable  and  fbgaoioos.  The  sense  of  touch  may  be  presomed 
to  reside  epeeially  about  the  suctorial  month  and  its  contiguous  pcdpL  All 
the  Tardigrada  are  hermaphrodite.  The  ovary  is  of  large  sice ;  iMit  the  ova, 
according  to  KoUikar  and  Frey,  do  not  in  the  course  of  development  exhibit 
a  germinal  disk :  in  this  they  differ  from  Arthropoda.  Pew  eggs  are  pro* 
duced  at  a  time,  and  are  of  lucge  sice.  They  are,  curiously  enough,  found  in 
the  exuviae  or  moultiDgs  of  the  animals ;  for  from  time  to  time  the  outer  skin 
is  cast  cftL  M.  Boy^re  ccmvinced  himself  of  the  existence  of  a  testis  and 
spermatosoa.  Bujardin  says  the  embryo  emeiges  from  the  ovum  perjfeet  in 
form ;  but  Kaufinann,  on  the  contrary,  affirms  that  they  undergo  S(Mne  de- 
gree oi  metamorphosis  ere  they  attain  the  adult  structure. 

Ilie  Tardigrada  have  received  thdr  name  from  their  slow  movements.  They 
are  paraaitie  animals,  and  live  by  sucking  the  juioesfrvMu  other  beings.  They 
are  common  upon  water-plants  and  vegetable  debris  in  ponds ;  yet  immerskm 
in  water  is  not  necessary,  since  they  are  found,  like  Rotifeis,  in  the  dust  and 
rubbish  on  the  roo&  of  houses  (a  lo^ty  in  which  they  were  first  encountered 
by  Spallanzani),  and  eq^edally  amid  the  small  lichens,  mosses,  ftc.,  which 
spnng  up  in  such  situations.  The  Bryum  is  a  favourite  moss  for  these  crea- 
tures. On  shaldng  portions  of  this  or  of  other  mosses  or  aquatic  plants  in  a  basin 
of  water,  the  Tardigrada  will  fedl  to  the  bottom,  and  may  be  easily  collected. 
In  most  vital  phenomena  they  very  closely  accord  with  Botatoria ;  thus, 
like  these,  they  can  be  revived  after  being  put  into  hot  water  at  113°  to 
118^,  but  are  destroyed  by  immersion  in  boilmg  water.  They  may  be  gra- 
dually heated  to  210°,  252°,  and  even  261°.  It  is  also  by  their  capability 
of  resuscitation  afker  being  dried  that  they  are  able  to  sustain  their  vitality 
in  such  localities  as  the  roofe  of  houses,  where  at  one  time  they  are  subjected 
to  great  heat  and  excessive  drought,  and  at  another  are  immersed  in  water. 

0.  Miiller  (in  1785)  seems,  from  the  name  (Aearus  UneUtu)  which  ha 

imposed  on  the  speded  he  then  knew  of,  to  have  rightly  conceived  their 

natural  affinity.    Ehrenberg  and  Schultze  (1834)  placed  them  among  the 

Leme<B.  Bujardin  (in  1841)  advocated  their  alliance  with  the  Botatoria,  and 

comstituted  tiiem  one  of  the  divisions  of  that  class,  under  the  name  of  "  Sy^ 

ttoUdes  Marcheurs/'  or  creeping  Rotatoria ;  for  he  considered  them  to  form  a 

link  between  the  Botatoria  and  the  HehninthidsB  on  one  side,  and  the  Anne- 

Hda  and  Arachnida  on  the  other.    M.  Boy^  at  first  coincided  in  this  opinion ; 

but  his  subsequent  researches  led  him  to  give  it  up  and  to  o(mstitute  the  Tar- 

digrades  a  distinct  group.     Bujardin  himself  has,  moreover,  modified  his  first 

opinion,  as  i^pears  by  his  memoir  in  the  AnnaUs  des  8e.  Nat.  for  1851 ; 

fyr  he  tiiere  remarks  that  the  Tardigrada  are  equally  allied  to  the  Botifera 

and  to  the  Nematoid  Helminthidffi,  and  that  it  is  uncertain  whether  they 

oa^t  to  be  referred  to  Articulata  or  Vermes.    Our  countryman  Mr.  White 

(in  a  paper  read  before  the  linnean  Society  in  1851)  stated  his  belief  <<  that 

the  so-oeJled  Acarus  foUicvlorvm^  and  probably  also  Tardigrada,  are  parasitic 

JEU>tatoria,  with  legs  or  leg-like  appendages  adapted  to  their  peculiar  habits, 

and  that  their  retractile,  antenna-like,  subtelescopic  appendages  may  have 

eyes  passing  throng  them,  as  in  snails,  and  may  also  be  the  equivalents  of 

the  rotoB  (rotary  lobes),  but,  from  the  limited,  or  rather  the  absolutely  re- 

Btzicted,  power  of  motion  of  these  animals,  have  neither  the  ciliary  processes 

nor  the  movements  and  economical  uses  of  the  appendages  so  characteristio 

of  most  of  the  Botatoria." 

Perty  tells  us  that  in  1848  he  constructed  a  family  XenonwrptMrn^  which 
^  2i2 
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was  accepted  by  Mirenbeig,  to  comprehend  the  Tkrdigrada,  the  best-known 
of  which  were  inelnded  in  a  genus  Ar€ti$cony  so  named  by  Sdirank.  ffis 
opinion  now  is,  that  '*  perhaps  they  should  rather  be  associated  with  the  dan 
Arachnida,  as  a  lower  type,  near  the  AcarineBy"  and  not  be  numbered  with  the 
Crustacea,  as  he  formerly  proposed*  ''  Doy^'s  figures  of  Eimfdiwm  indicate 
their  alliance  with  the  Acarinae,  like  many  of  whi<^  the  Xenomorphida  (Tar- 
digrada)  suck  the  juices  of  other  animals.  Their  development  differs  from 
that  of  Rotifera ;  and  their  skin  is  composed  of  chitin."  lliis  last  distinction, 
also  insisted  upon  by  Kaufaiann,  yani^es  if  Leydig  be  correct  in  his  state- 
ment that  Rotatoria  likewise  have  a  chitinous  cuticle. 

The  most  recent  writer  on  Tardigrada  we  have  met  with  is  Xawfinann 
(Zeittchr,  1851,  p.  220),  who  has  presented  an  able  memmr  on  those  beings. 
He  indicates  the  following  distinctive  features  between  them  and  Rotatoria ; 
— ^The  history  of  their  development  accords  with  that  of  Arthropoda,  and 
disagrees  with  that  of  Rotifera :  the  epidermis  is  composed  oi  chitin,  a  sub- 
stance only  found  in  Arthropoda  (this  we  have  already  stated  is  probably  an 
error) ;  the  pairs  of  indistinctly-jointed  limbs  and  t^e  abdominal  chain  of 
gan^ia  no  Rotifn*  possesses,  whilst,  on  the  other  hand,  the  Tardigrada  have 
no  trochal  disk  and  no  vibratile  cilia,  but  possess  a  suctorial  mouth ;  lastly, 
they  are  deficient  of  a  water- vascular  system,  and  are  all  hermaphrodite. 

Cohn,  in  a  recent  paper  (Siebold's  Zdtschrifi,  1855,  p.  481),  throws  some 
doubt  on  this  presumed  monoecious  nature  of  the  Tardigrada.  Thus,  he  says, 
Boy^,  whilst  maintAJning  their  hermaphrodite  character,  has  noticed  seminal 
corpuscles  (spermatozoa)  in  only  two  individuals.  On  the  other  hand,  he  mo- 
tions certain  examples  in  which  the  oral  organs  were  aborted,  and  both  sucto- 
rial disk  and  maxillary  head  were  wanting ;  this  happened  most  frequently 
in  Maorohiotus  HnfeUmdii,  and  more  rarely  in  other  species.  Another  notable 
fact  is,  that  in  the  two  closely-allied  species,  MacrMotus  IfufdandU  and 
Maer,  Oberhauserii,  the  ova  of  one  are  thick-shelled  and  tuberculated,  and 
those  of  the  other  thin-shelled  and  smooth.  In  these  circumstances  Cdhn 
is  disposed  to  find  a  parallel  between  Tardigrada  and  Rotatoria  in  what 
relates  to  their  sexual  peculiarities, — ^inferring  by  this,  that,  as  in  the  latt^ 
family  the  sexes  are  separated,  and  ova  of  three  sorts — male,  **  summer " 
(asesnial),  and  ''  winter  " — are  produced,  so,  fr*om  the  facts  indicated,  the 
Tardigrada  may  also  be  bisexual  (dioecious)  and  may  deposit  eggs  of  each 
several  kind. 

The  relation  of  Tardigrada  to  Arachnida  through  the  lowest  divisions  of 
the  latter,  Eaufinann  proceeds  to  demonstrate  by  the  following  particulare : — 
They  have  suctorial  mouths,  like  most  Acari ;  in  the  structure  and  disposition 
of  the  digestive  organs  they  agree  with  Arachnida ;  by  the  absence  of  circu- 
latory and  respiratory  organs  they  are  allied  to  the  Acarina  in  part,  and  to 
the  PycnogonidcB  entirely;  like  many  mites  (Acarina),  they  lay  few  and 
lai^  eggs.  But,  again,  the  occurrence  of  a  metamorphosiB  to  some  extent 
detaches  them  from  the  Pvcnogonidas  and  from  most  Acarina ;  and  they 
differ  from  all  Arachnida  by  being  hermaphrodite ;  however,  the  circumstance 
of  the  separation  of  the  sexes,  or  their  union  in  the  same  individual,  in  no 
class  of  animals  can  supply  the  basis  for  constituting  fisunily  distinctions. 
Even  among  Arthrepoda  a  family  of  hermaphrodite  aTiim^lt^  occurs,  vix.  the 
Cirripedia.  In  this  respect  the  Crustacea  and  Arachnida,  by  their  lowest 
members,  through  which  tiiey  are  linked  to  other  dasses  of  animals,  accord ; 
in  the  former  the  Oirripedia,  which  ally  them  with  the  Mollusca, — in  the 
latter  the  Tardigrada,  which  approximate  the  Arachnida  to  the  Annelida, 
bring  the  two  into  connexion. 

The  conclusion  therefore  is,  that  the  Tardigrada  constitute  the  lowest 
section  of  the  Arachnida,  by  the  side  of  the  PycnogonidcB  and  the  Acarina. 
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PART  II. 
A  SYSTEMATIC  HISTORY  OF  INFUSORIA. 


[iVb^.— The  aerenl  groups  whose  general  hirtoiy  is  treated  of  in  the  irst  pwrt  of  thia 
wort,  Tix.  Baeillaria  (p.  1),  Phjrto«>a  (p.  Ill),  Protoaoa  (p.  199),  and  Botatona  (p.  392), 
being  independent  of  each  other,  their  respedave  £unilies,  genera,  and  species  will  not,  for 
the  reason  stated  in  the  Prefioe,  be  described  in  the  same  order  in  this  second  part,  but 
those  of  the  Baallana  wiU  be  printed  last  For  an  explanation  of  abbreriatuHis,  see  end 
ofCcmteDtB.] 


OP  THE  GROUP  PHYTOZOA  (p.  111). 

Families: — 1.  Monadina;  2.  Hydromorina;  8.  Cryptomoaadina ; 
4.  Volvocina;  5.  Vibrionia;  6.  Astaeisea. 

FAMILY  1.— MONADINA. 

(Plate  XVHL  figs.  1  to  28.) 

Thx  Monadina  are  among  the  most  minute  living  creatures  which  have  been 
discovered  by  man.  They  are  (according  to  Ehrenberg)  destitute  of  an  ali- 
mentary canal,  are  illoiicated  or  sheU-less,  and  have  a  imiform  body  without 
any  appendages  issuing  from  it,  cilia  not  being  considered  as  sudi.  They 
increase  by  simple  and  complete  self-division  into  two,  four,  or  more  indi- 
viduals. The  uniformity  or  unvai3riDg  appearance  in  their  external  form  (he 
says)  may  be  considered  as  one  of  the  principal  characteristics  of  this  family ; 
for  no  one  of  the  Monadioa  can  voluntarily  alter  the  shape  of  its  body,  whether 
into  a  filiform,  knotty,  or  globular  figure,  nor  can  it  extend  any  portion  of  it, 
and  then  contract  it  again.  All  possess  organs  of  locomotion,  nutrition,  and 
propagation,  the  last  of  the  hermaphrodite  character.  Some  of  them  have  a 
rudSmentary  eye ;  but  it  has  never  been  discerned  that  they  are  fiimished  with 
a  vascular  or  circulating  system,  which,  however,  is  not  surprising  when  we 
reflect  that,  should  they  possess  it  (a  supposition  by  no  means  to  be  rejected), 
the  diametera  of  the  tubes  of  this  fifystem  would  necessarily  be  of  such  extreme 
minuteness  as  to  defy  investigation.  None  but  microscopes  of  high  magnify- 
ing powers  can  dii^lay  their  structure;  indeed  they  cannot  be  observed 
accurately  with  a  less  amplification  than  500  diameters,  by  glasses  of  consi- 
derable penetration  and  good  definition* 

The  apparent  eye  of  some  Monadina  is  used  as  a  generic  character  for 
Microglena  (XVIU.  6),  PhacdarMmas,  &c. ;  but  its  possession  does  not  prove 
the  existence  of  sensibility,  although,  as  Ehrenberg  thinks,  this  faculty  is  pre- 
sumable from  the  alternate  vibration  and  quiescence  eidiibited  by  the  pro- 
boscis when  one  of  these  beings  is  in  a  place  abundantly  supplied  with  food. 

The  details  given  in  the  first  part  of  this  work  (p.  Id0),of  the  nature  and  struc- 
ture of  the  anunalcules  compniBed  by  Ehrenberg  in  this  family,  render  it  unne- 
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ceesary  here  to  state  more  than  that  the  beings  so  grouped  together  are  hete- 
it^eneons  both  in  nature  and  character^  and  partake  scarcely  any  other  features 
in  common  than  those  of  minuteness  and  the  possession  of  one  or  of  few  elon- 
gated cilia  or  filaments  as  locomotive  organs.  The  deficiency  of  characteristics 
necessary  to  constitute  a  natural  family,  and  the  absence  of  any  proof  of  the 
animality  of  the  several  genera,  were  perceived  by  Siebold,  who  rejected  the 
Monadina  from  his  group  of  InAisoria.  Agassiz  says  of  them  that  they  are 
mostly  moveable  germs  of  various  kinds  of  AlgSB ;  and  in  this  statement,  we 
believe,  as  far  as  relates  to  the  majority,  he  is  correct.  Dr.  Burnett  (Boston 
Joum.  Nat,Hi8t.lS53,yi.^.S19)  has  the  following  remarks  on  these  topics : — 

**Aa  the  family  Monadma  now  stands,  it  undoubtedly  includes  very  hetero- 
geneous elements,  particles  being  grouped  together  from  their  general  aspects 
rather  than  from  their  physiologioal  characteristics.  I  cannot  pretend  to  take 
them  up  in  that  systematic  way  in  which  they  have  been  arranged  by  Ehren- 
berg ;  for  I  have  found  but  littie  system  about  them,  and  for  the  most  part 
have  been  unable  to  follow  his  descriptions.  If  we  are  to  judge  of  them  by 
mere  form  and  si^e  alone,  I  should  say  that  the  varieties  they  present  under 
the  microscope  are  numberless.  Indeed,  in  watching  the  same  particle  for  a 
long  time,  I  have  seen  it  change  its  form  and  size  four  or  five  times,  and  each 
as  distinct  from  the  other  as  many  of  Ehrenberg's  species.  Those  which  con- 
tain chlorophyll  must,  it  appears  to  me,  in  virtue  of  that  fact,  be  r^arded 
as  of  a  v^etable  nature.     Aj9  to  the  others  this  point  would  be  doubtfrd." 

Again,  Dujairdin,  whilst  admitting  generally  the  animal  nature  of  the  ge- 
nera in  question,  differed  widely  frx)m  the  Berlin  naturalist  both  as  to  their 
organization  and  distribution.  Since,  however,  in  the  present  state  of  our 
knowledge,  it  is  impossible  to  fix  on  the  organisms  of  which  they  are  but  de- 
velopmental phases,  it  is  well,  for  the  purpose  of  future  identification  and 
future  researches,  to  attempt  definitions  and  descriptions  of  these  simple 
beings,  although,  as  an  artificial  and  temporary  proceeding,  the  whole  be 
doomed  to  ultimate  neglect  and  destruction.  Gonsequentiy,  we  shall  retain 
all  Ehrenberg's  genera  and  species,  which,  however  ill-defined  and  unsatis- 
factory, give  the  best  representation  we  possess  of  these  varied  and  variable 
microscopic  organisms. 

The  views  of  Ehrenberg  on  the  special  organization  of  the  Monadina  have 
been  widely  criticised  and  condemned.  The  possession  of  an  integument,  the 
fixed  invariable  outline,  and  the  ocular  nature  of  the  red  speck,  are  statements 
which  have  encountered  the  opposition  of  Dujardin  and  of  very  many  subse- 
quent naturalists.  The  existence  of  a  mouth  and  the  reception  of  coloured 
food  have  likewise  been  widely  denied,  in  accordance  with  the  prevalent 
hypothesis  of  their  vegetable  nature  as  early  phases  of  Alg»  and  Fungi ;  but 
latterly  Cohn  has  witnessed  the  entry  of  coloured  particles  into  their  interior, — 
a  circumstance  confirmed  by  Lachmann,  who  moreover  adds  that  he  has  twice 
observed  Monadina  which  contained  a  small  Diatom,  the  excretion  of  which, 
in  the  vicinity  of  the  posterior  extremity,  taking  place  soon  afterwards,  also 
made  him  consider  the  existence  of  an  anus  probable.  Schneider  remarked 
in  Cfhilamonas  Paramecium  one  or  two  reddish  lines  running  frt>m  the  inden- 
tation into  which  the  filaments  were  fixed,  to  tiie  opposite  end,  and,  fhim  a 
comparison  of  these  with  the  process  of  fission  as  seen  in  Bodo,  concluded 
that  they  were  furrows  which  gradually  deepen  until  the  animalcule  is  bisected. 
As  during  this  process  the  being  undergoes  no  change  of  form,  except  in  be- 
coming a  little  broader,  and  the  division  takes  place  along  its  whole  length, 
the  process  must  readily  escape  observation.  The  anterior  end  is  always  a 
littie  thicker ;  the  furrows  consequentiy  are  deeper  and  more  distinctiy  recog- 
nizable in  that  part.  It  is  only  in  rare  cases,  when  the  division  has  taken  place 
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wore  slowly  in  some  particular  spot,  that  the  two  segments  must  endearoor 
to  tear  thems^yes  free,  and  thus,  by  twisting  in  contrary  directions,  draw  our 
attention  to  them.  It  was  witiiout  donbt  a  specimen  of  Ctyptomonai  e^Kndrifia 
in  this  condition  which  Ehrenberg  conceived  to  be  two  individuals  adhering 
together  and  not  in  the  act  of  fissation.  Dujardin  fedled  in  seeing  spontaneous 
fission  among  the  Monadina,  and  thxaks  it  more  probaUe  that  their  multi- 
plication  takes  place  by  the  separation  of  a  lobe  or  of  the  termination  of  an 
ezpansian,  which  his  notion  that  they  are  without  any  sort  of  integument 
presupposes  they  may,  after  the  manner  of  AmcebcB^  push  out  from  their  mass. 
The  fEimily  is  distributed  into  nine  genera,  as  follows : — 


i 


f  owznunmf 


I 


I 


/  Eyv  wanting  •{ 


£^e  present 


r  Single   Monas. 

Aggregate Urella. 


lliicroglen 


Proboeois  one  or 
two   

Proboeoidea    not  1  r^i^^.^^ 
more  than  four]  ^*"*^- 

Proboacidea 


.      ^ I  Phacelomonaa. 

V,     many    j 

Aggregate Glenomorum. 

^Boiling Doxoooocus. 

lipapreaent Ohilomonaa. 

Tulpreeeiit Bodo. 

Dujardin  was  unable  to  recognize  all  the  genera  of  Ehrenberg,  aud  believed 
that  Mieroglena,  Phauhmonas,  Glenomorum  and  Doxococcus  appertain  to 
another  family,  and  that  the  distinction  between  the  genera  Polytoma  and 
UveUa  is  erroneously  deduced  from  the  supposed  fission  of  Polytoma  in  two 
opposite  directions  and  the  periodical  grouping  of  UveUa,  He  thus  reduced 
the  genera  of  Ehrenberg  to  four  in  number,  viz.  Monas,  UveUa,  ChUomoruu 
and  Bodo,  the  last  comprehending  in  part  his  Hexamita,  Amphimonas  and 
Cereomonas.     The  subjoined  table  represents  the  distribution  he  proposed : — 

MONADINA. 

(  MoYeable  in  ita  en- 
tire length  Monaa. 

Thickened,  and 
moveable  only 
towarda  the  ex- 
tremity      Cyolidiimi. 

Proceeding  obliquely  from  1t)ehind  an  anterior 
prolongation  Ohilomonaa. 


laolated 


ASinffle 

Flasellilorm 

Fuament 


Proceeding  from  the  ante-  ^ 
nor  extremi^. 


Several 
Filamenta. 


/A  aeoond  filament  or  lateral  appendage  .... 

A  second  filament  or  poaterior  appendage  . 

Two  equal  filamenta,  terminating  the  romided 
anglea  of  the  anterior  extremi^ 


Four  equal  sifwwwk  in  front,  two  thicker  be- 
hind     

A  second  filament  proceeding  from  the  same 
point  as  the  flagdmorm  filament,  bat  thii^er, 

trailing  and  retractile  

A  filament  and  yibratile  cilia 

. .     r  Groape  always  free  and  whirlinff  

^«P*8aw  \  Oronpa  fixed  to  the  extremity  of  a  brandling  polypidom 


Amphimonas. 
Oeroomonaa. 

Trepomonas. 

Sexamita. 


Heteromita. 
Triohomonaa. 

Urella. 
Anthopfaysa. 
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**  These  generic  diBtmctionB  are,  however/'  Dujardin  very  joMj  adds,  *^  ea* 
tirelj  artificial^  and  simply  intended  to  feudlitate  the  naming  of  Infusoria  one 
may  have  met  with  in  such  and  snch  an  infdsion,  and  which,  when  better 
known,  may  prove  in  some  instances  only  varieties  of  a  single  spades." 

Perty  appends  to  his  history  of  Monadina  the  following  observations : — 
''  Ehrenberg's  Monadina  are  very  difficult  to  determine ;  many,  like  Monas 
bieohr,  M,  Colpoday  M,  EnehdySy  M.  Umbra,  M.  hyalina,  M,  owdis,  M.  Mica, 
M.  eylindrkay  M.  de$es,  M.^avieani,  M,  simplex,  M,  inanisy  and  M.  sdniiUanSy 
appear  to  be  only  the  earher  stages  of  other  Monadina,  or  the  yoong  stages 
of  Ciliata.  M,  Crepuseulum  forms  my  genus  Aearicewn;  M,  Termo  is  a 
Cereonumas ;  M,  Outtula  and  M.  vivipara  are  most  likely  varieties  of  the 
multiform  M,  Lens ;  M,  grandis  and  Microglena  monadina  are  Sporozoids ; 
Moruu  ochracea,  M,  eruhescens,  M.  vinosa,  and  probably  M,  gliseens  belong  to 
the  genus  CJiromattum  (XE^.  1) ;  M.  Punctum  is  no  other  than  the  one  fila- 
mentary variety  of  Pblytoma ;  M,  socialis  goes  along  with  Cereamonas ;  M. 
tingens  is  the  young  condition  of  Chhrogonium  euMorum ;  Uvella  vireseens 
possesses  one  filament  and  no  dlia;  U.  Uva  may  be  a  colourless  variety 
of  it ;  U,  Olatux)ma  scarcely  belongs  to  the  genus  Uvdlay  as  it  has  always 
two  filaments  U,  Bodo  appears  a  developmental  phase  of  Bktglena  viridU ; 
Poh/ioma  Uvella  is  equivalent  to  my  P.  llva ;  Microglena  p%medfera  is  mi- 
known  to  me.  The  genus  Doxoooceus  I  consider  untenable ;  2>.  niher  and  Z>. 
FulviscuhiS  are  merely  resting  forms  of  Astasia ;  Chihmona*  Volvox  and  C 
destruens  are  in  all  probability  embiyos  of  Ciliata,  and  Ch.  Paramecium  is  the 
hyaline  variety  of  my  Orgptomonas  polymorpha ;  and  Bodo  is  divisible  into 
Anisonema  (XIX.  8)  and  Cercomonas  (XVIII.  11, 12,  20)." 

The  new  genera  instituted  by  the  Swiss  naturalist  are  Tetramktis  (XIX. 
3),  Mallomonas  (XIX.  4),  Pleuromonas  (XVIII.  25),  Spiromonas  (XVm. 
24),  Menoidium  (XIX.  2),  Chromatiwn  (XIX.  1),  and  Acart4Eum.  Fresenius 
accepts  two  of  these  new  genera,  vii.  MalloTnonas  and  Tetramitus,  and  creates 
in  addition  two  others,  Bhabdomonas  and  Orgmcea, — the  former  not  identical 
with  the  Khabdomonads  (staff-like  monads)  mentioned  by  Ehrenberg  as  a 
group  of  his  genus  Monas. 

Bespecting  the  large  contribution  by  Perty  to  the  number  of  Monadina 
catalogued  by  Ehrenberg  and  Dujardm,  the  question  arises,  whether  the 
forms  named  are  really  different  and  distinguishable.  We  fear,  indeed,  that 
the  increased  number  will  rather  peiplex  and  encumber  the  observer  than 
advance  his  real  knowledge  of  microscopic  forms.  Still,  to  make  our  rdsom^ 
complete,  they  must  be  enumerated.  In  effecting  this,  the  plan  pursued  will 
be  to  describe  the  several  genera  admitted  by  Ehrenberg  first,  adding  the 
species  noted  by  others,  and  after  these  to  give  the  characters  of  genera  and 
species  constituted  by  Dujardin,  Perty,  or  any  other  naturalist :  where  the 
same  being  has  had  a  second  name  given  it,  it  wiU  be  added  as  a  synonynu 
In  the  systematic  details  we  shall  preserve  the  descriptions  and  remarks  in 
general  which  appeared  in  the  last  edition,  and  are  largely  borrowed  from 
Ehrenberg's  most  valuable  works.  These,  indeed,  are  everywhere  tinged 
with  the  peculiar  hypothesis  of  that  writer,  the  value  and  bearing  of  which, 
however,  have  been  sufficiently  examined  in  the  first  part  of  this  work  to 
render  explanations  and  corrections  here  unnecessaiy.  The  description, 
therefore,  of  mouths,  eyes,  stomach  sacs,  glands,  vessels,  hermaphrodite  deve- 
lopment, ova,  and  of  all  other  structures  or  organs  of  higher  ftniiPftl  organiza- 
tion, will  have  no  other  value  as  applicable  to  such  special  organs  than  that 
accorded  to  it  in  the  mind  of  every  individual  reader  of  the  chapter  on  the 
structure  and  functions  of  the  Monadina,  who  can  draw  for  himself  his  own 
inferences  from  the  faciB  and  opinions  therein  recorded. 
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Genus  MONAS  (XVUl.  1,  2, 15, 17, 19,  21).— The  animaloiiles  of  thia 
genus — the  tme  Monads — are  described  (see  table)  by  Ehienberg  as  destitate 
of  an  eye,  with  projecting  lip  and  tail,  and  as  always  swimming  in  the  directL<Mi 
of  the  longitodmal  axis  of  tiie  body,  their  month  being  situated  at  the  anterior 
end.  It  is  another  distingoishing  character  of  the  tme  Monad,  that  it  is  never 
seen  to  cluster,  like  others  of  its  femily,  so  as  to  form  a  berry-like  mass ;  and 
hence  it  is  designated  single,  in  contradistinction.  Amongst  the  seyeral 
q^edes  distingnished,  some  few  are  green,  yeUowish,  or  of  a  reddish  tint ; 
but  the  majority  are  colourless ;  colour,  moreover,  is  not  a  characteristio  to 
be  relied  upon.  Monads  may  often  be  present  in  water,  under  inspection,  with- 
out being  seen,  owing  to  the  magnifying  power  employed  being  insufficient, 
lliey  will  be  sought  for  in  vain  with  a  power  of  less  than  300  diameters ;  and 
even  this,  in  some  cases,  will  be  found  insufficient.  They  are,  besides,  as  a 
genus,  difficult  to  be  accurately  determined,  not  only  on  account  of  their  ex- 
ceeding minuteness,  but  because  the  young  of  other  genera  are  so  likely  to  be 
mistaken  for  them, — for  instance,  the  young  of  the  Bacterium,  Vibrio,  UveUa, 
P6lytoma,  PancUnina,  Oonium,  &c,,  when  separated  from  their  dusters.  And 
this  difficulty  in  discriminating  them  will  be  more  likely  to  happen  when  they 
are  not  observed  whilst  undergoing  the  process  of  self-division,  or  when  seen 
in  water  contaimng  but  a  small  number  of  them ;  under  which  drcumstances, 
however  anxious  we  may  be  to  ascertain  their  name,  we  must  often  rest  con- 
tented with  probable  surmise.  When  the  water  swarms  with  the  creatures, 
the  decLsion  will  be  hr  easier,  and  more  trustworthy,  since  the  characters  are 
then  more  easQy  discoverable,  and  their  possible  variations  appreciable.  The 
observer  may,  however,  be  guided  to  a  certain  extent  by  the  Allowing  rule : — 
Siqypose  that  in  a  drop  of  water  containing  species  of  the  genus  Vibrio,  Bac- 
terium, UveUa,  or  Pohftoma  (easily  distinguished  by  their  dustering  forms), 
separate  Monad-like  bodies  were  to  be  observed ;  the  probability  is  fiiat  they 
would  be  dther  single  forms,  or  the  young  of  the  dustering  animalcules ;  and 
if  there  were  no  great  difference  in  the  size  of  the  separate  individuals  and 
those  forming  the  dusters,  this  condusion  would  be  generally  correct :  and 
this  role  applies  equally  to  those  green  Monad-like  creatures  found  amongst 
Pandorina  and  Oomvm.  ChXanMomonas  PtdviseuluB,  when  young,  is  very 
deceptive,  and  may  often  be  mistaken  for  an  illoricated  and  eydess  green 
Monad. 

The  only  locomotive  organ  which  has  been  discovered  in  the  genus  is  the 
single  filiform  proboscis  (^ment)  issuing  from  near  the  mouth.  The  numer- 
ous cilia  sometimes  apparent  thereabouts  are  nothing  more  than  this  filament 
in  a  state  of  vibratory  or  rotatory  motion.  This  organ,  Ehrenberg  observes, 
has  a  twofold  office,  one  being  locomotive,  and  the  other  to  provide  the  creature 
with  food,  and  hence  may  be  called  a  purveying  organ. 

Vacuoles  are  readily  seen  ui  some  of  the  species  (a.  g.  M,  OtUtuIa  and  M, 
vivipard)  without  the  aid  of  coloured  food ;  in  others  (i!^.  Termo,  3f.  Outtula, 
and  M.  sociaUs),  its  aid  is  required. 

The  propagative  apparatus  Ehrenberg  represented  in  M.  Outtula  and  M, 
vivipara  to  consist  of  a  vast  number  of  granules  formed  into  a  net-like  mass, 
dispersed  generally  throughout  the  creature,  having  a  comparatively  large 
spherical  body  (the  nudeus)  which  divides  in  the  process  of  self-fission. 

Monads  multiply  rapidly  by  self-division,  either  transversely,  as  in  Monai 
Outtula,  M,  hyalina,  M,  gliscens,  M,  Okenii,  and  M,  iocialis ;  or  longitudi- 
nally, as  in  3f.  Punctum  (XVIU.  2) :  both  methods  have  been  observed  in 
M.  vivipara. 

As  the  members  of  this  genus  are  chiefly  curious  on  account  of  their  extreme 
nunutencse,  only  the  leadmg  characters  and  size  of  the  several  spedes  are 
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giyen.     Most  of  them  are  inhaMtants  of  water  in  whidi  organic  matt^  is  un- 
dergoing decomposition. 

Tlie  Monads  of  Ehrenberg  are  arranged  under  two  divisions,  according  to 
their  external  form.  The  first  division  contains  all  those  of  a  globular  or  oval 
shape  (globular  Monads)  ;  the  second  those  of  a  length^ied  form,  the  length 
being  more  than  twice  the  breadth  (elongated  Monads). 


f: 


A. — Globulab  Monads. 

MoNAS  Oirep%uculum  (xvin.  1). — The 
smallest  of  all  livinff  creatures:  of  a 
spheroidal  form,  and  nyaline,  although, 
when  seen  in  masses,  with  the  nakea 
eye.  of  a  whitish  hue.  They  are  actiye, 
and  feed  on  animal  as  well  as  on  vegeta- 
ble substances,  and  are  found  in  water 
holding  animal  matter  in  solution ;  but 
as  decomposition  proceeds,  they  die,  and 
their  bodies  rise  to  the  surface  of  the 
water,  and  fonn.  a  thick  and  colourless 
gelatinous  stratum.  Rarely  l-llMO"  in 
diameter;  never  larger. 

M  Termo  (M.),  so  named  from  its 
havinff  been  supposed  to  be  the  limit  of 
animu  organization:  globular,  active, 
herbivorous ;  found  m  stagnant  water ; 
increases  rapidly  where  there  is  an 
abundance  of  vegetable  matter  under- 

oing     decomposition.        1-6000"    to 

12000",  and  less. 

M.  Guttula  QL), — ^Round,  inactive; 
may  be  preservea  by  drying ;  12  di- 
ffestive  vacuoles  seen  by  the  aid  of  in- 
digo or  carmine ;  surface  appears  granu- 
lated. In  vessels  of  water  containing 
plants  or  flowers.     1-2300"  or  less. 

M.  ritT^fNira.— Spherical,  inactive.  In 
sta^iant  water;  coloured.  1-620"  or  less. 

M.  ^an^.~-Spherical ;  colour  green- 
ish^ except  near  the  mouth;  fihunent 
short,  l-3rd  or  l-4th  the  length  of  the 
body ;  motion  sluggish.  In  marsh  water, 
very  rare.    1-480". 

M.  hicolor, — Globular;  colourless,  ex- 
cepting one  or  two  green  spots  within 
it ;  attenuated  anteriorly ;  motion  vacil- 
lating.   1-1440". 

M.  ochraeea, — Globular ;  of  a  yellow- 
ochre  colour.  In  water-courses.  1-6000" 
at  most 

M.  erube^oma,  —  Circular ;  rose-co- 
loured; motion  slow  but  continued.  In 
salt  water.    1-1728". 

M  vinosa, — Globular,  colour  of  red 
wine ;  motion  tremulous  ;  rejects  co- 
lourea  food.  In  vegetable  mfiisions. 
1-12000"  to  1-6000". 

M  KolpodeL — Golouriess,  oval  or  egg^ 
Shaped  ;  motion  vacillatinjo^.  In  water 
in  the  silver  mines  of  Siberia.    1-7200". 

'hLJEnehefys. — Colouriess;  continuous 


slow  motion.  In  marsh  water.  1-1200^' 
to  1-960". 

'hL Umbra, — Ovate, colourless;  motion 
rapid.  Among  fresh  Confervas.    1-2400" 

M.  hualina, — Ovate,  colourless;  ac- 
tive, and  seems  to  leap  or  j  ump.  In  stale 
water  inglass  vessels.  1-6000"  to  1-2880". 

M.  alScens. — Ovate,  colourless;  mo- 
tion gliding.  In  infiisions  of  the  sting- 
inff-nettie.     1-4600". 

M.  ovaiU. — Oval,  colourless ;  motion 
tremulous.  In  water  from  the  Anodonta 
MoUusca.     1-9G00". 

M.  3ftca. — Oval,  colourless;  rotaiy 
and  vacillating  motion.  In  dear  fresh- 
water.    1-1440"  to  1-1200". 

M.  Ptmctunu — ^Egg-shaped ;  revobres 
on  its  longitudinal  axis  (xvin.  2) ;  the 
lower  fi{|;ure  exhibits  one  undetgouv 
longitudinal  division.  In  water  with 
tannin.     1-1160". 

M.  Semen, — Large,  green,  rather  obo- 
vate.  subcompressed ;  anterior  end  di- 
latea,  rounded;  posterior  attenuated; 
oral  aperture  (!)  triquetral  beneadi  the 
frontal  portion;  vibrates  by  numerooB 
dlia  (!).  Length  1-48"' ;  motion  vacil- 
lating, slow ;  a  central,  hyaline,  subglo- 
hose  gland;  ovules  hun^  gi^on,  ovate. 
It  reiKlily  shows  by  dimuence  the  ova. 
gland,  and  bacillary  spicula.  Frontal 
end  exhibits  rugie  extending  frt>m  the 
mouth.  With  decavinff  Sphagnimi  from 
marshes,  Berlin.  Surely  this  organiam 
is  not  a  Monad. 

B. — ^Elongated  Monabs. 

M.  eyUndrica,  —  Solitarpr,  elongated, 
colourless ;  motion  revolving.  In  salt 
water.    1-1150". 

M.  Okerm, — Elongated,  red;  motion 
revolving,  Tibratory,  sodaL  In  running 
water.    1-2800". 

M.  (itfMs.— Conical,  green,  solitary.  In 
water  from  hills.    1-1200". 

M.  sociaiis. — Conical^  oolourleea,  so- 
daL   In  water-butts.    1-700". 

M.  ^/fartcaiw.  —  Ton-shaped ;  social; 
motion  gliding.  Inditcn-water.  1-1720". 

M.  sknpUx, — Spindle-shaped ;  colour- 
less; motion  gliding  and  rotaiy.  In 
water  of  the  Nile,  and  at  Berlin.  1-1720". 

M.  mam$, — ^Fusiform,  colourless ;  mo- 
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tion  Tacillating«  In  ttagimtt  And  foul 
water.     1-3600". 

M.  9cmiiBan9,'^FwaioTm^  Yery  acthre ; 
motioii  yadUatiiig.  Amongst  freeh- 
water  Conferva,  &c  1-0000"  to  1-4600". 

M.  DumaliL — Of  a  deep  red  colour ; 
in  vast  numben  in  the  aaltmarah-water 
of  the  Mediterranean,  to  which  they 
nre  a  deep  blood-colour.  Discovered 
5y  M.  Joly. 


M.  vr^digiom, — A  venr  minute  red 
Monad,  so  named  by  Ehrenberg  from 
its  surprisingly  rapid  development  It 
is  this  animalcule  which  has  produced 
the  blood-like  spots  occasionally  appear- 
ing mysteriously  on  bread  sind  other 
farinaceous  substances,  and  which  have 
ever  been  a  cause  of  terror  to  the  super- 
stitioua.  Cohn  asserts  this  organism  to 
be  a  Vibrioy  and  not  a  Momu, 


Being  desirous  of  making  this  manual  as  complete  as  possible,  the  following 
fl|)6cie8,  described  by  M.  Dujardin,  are  inserted ;  but  it  may  be  that  some  of 
them  refer  to  Monads  already  characterized,  but  differently  named. 


M.  Lens  (xvm.  10,  21).— Rounded  or 
discoid;  simace  in  appearance  tuber- 
cular. 1-6200"  to  3-5200".  This  spe- 
cies, one  of  the  most  frequent  in  animal 
or  vegetable  infusions,  has  been  recog- 
nized by  most  of  the  ancient  microgra- 
phers.  it  sends  out  obliquely  a  flagel- 
mbrm  filament^  three,  four,  or  even  five 
times  as  long  as  the  body,  andmobile  in  all 
its  length.  Probably  aM.  Qtittida(¥Sta,), 

M.  eoneiMxu — Circular,  concave  on  one 
side,  thin  in  the  centre,  margin  tumid ; 
filament  long,  moveable  throughout.  In 
manh  water,  Toulouse.    1-2060". 

M.  fflobulosa  (xyhl  17).  — Globular; 
form  nioady  constant;  compressed  at 
origin  of  filament ;  more  globular  than 
Jf.  X«n^  audits  simce  smooth.  In  sea- 
water  at  Cette,  France.    1-2000". 

M.  ^ongaia,  —  Elongate ;  nodular, 
flexible,  of  variable  form.  1-1200". 
In  marsh-water. 

M.  mtUnuaia  (xTm.  10).— Ovoid,  ta- 
pering at  each  extremity,  nodular,  va- 
cnolse  large  and  distinct,  as  is  also  its 
filament     1-1660". 

M.  obkmga, — Ovoid,  oblong,  unequal, 
tubercular,  hollowed  by  vacuolee. 
1-3600".    In  vegetable  infusions. 

Pertyhas  distinguished  the  followingMonadiform  beings  by  specific  names: — 

MoNAS  curvata. — A  variety  of  M, 
Lens ;  tapering  posteriorly. 

M.  atiamoide*. — Of  variable  form,often 
with  one  or  two  longitudinal  lines,  and 
a  central  vacuole.     1-1340". 

M.  irregukms. — more  or  less  globular, 
sometimes  with  ci^illary  or  angular  pro- 
cesses; numerous  dark  internal  mde- 
coles.  1-2000"  to  1-1250".  In  ponds, 
Bone. 

M.  mleatorwn.  —  Irregularly  oval  ; 
pointed  anteriorly;  colouriess;  motor  fila- 
ment short,  scarcely  1^  times  the  length 
of  the  body;  movement  sluggish;  nearly 
resembles  M.  socialis,     1-1400". 

M.  8t4ce$sa. — Oval ;   usually  truncate. 


M.  nodoM. — Oblong,irre^[ular,  nodose, 
tapering  behind,  truncate  m  front,  fila- 
ment arising  firom  centre  of  truncate  ex- 
tremity. 1-2170".  In  sea-water  at 
Cette,  France. 

M.  gibho$a, — Oblong,  angular,  irregu- 
larly distended  and  gibbose;  filament 
sprmging  mostly  firom  an  anterior  con- 
striction. Length  1-2000".  In  infu- 
sions of  gelatine. 

M.  variam, — OUong,  narrower  in 
front,  very  soft,  and  variable  in  form. 
1-660"  to  1-700". 

M.  mtedmai^ — ^Very  elongated,  form 
constantly  changing,  or  one  end  rounded, 
the  other  tapering  to  terminate  in  a  long 
filament  j  moticA  undulatory.  1-1600". 
Found  m  the  excrement  of  a  newt 
(lyUon  palm^9e$).  ^  I  think  this  is  one 
of  the  spedee  of  Bodo,  described  by 
Ehrenberg  as  met  with  in  the  intestines 
offix)g8"(l)uj.). 

M.  fhrida.^ — Soft»  semifluid;  f(Nrm 
variable,  irregulariy  ovoid,  sometimes 
constricted  poeteri<my,  hollowed  by  large 
vacuoles.    1-2600". 

M.  eonririda. — Elongated,  four  or  five 
times  longer  than  br^;  constricted, 
often  mucn  so  at  the  centre.     1-1300". 


rarely  pointed  behind ;  colourlesG^  trans- 
parent, with  large  vacuoles;  filament 
twice  the  length  of  body;  movement 
active  and  reviving.  In  water  contain- 
ing decomposing  Anodonta,  and  foul 
pond-water.    1-1800". 

M.  eordata,  —  Cordate  seen  on  one 
side,  on  another  oval  and  truncate; 
rounded  anterioriy ;  hyaline  or  groyish 
firom  internal  granules ;  swims  tolerably 
frist  with  an  oscillating  motion,  and  sel- 
dom revolves;  occurs  singlv  and  not 
often ;  filament  extremelv  oifficult  to 
see,  more  than  double  the  length  of  the 
body.  1140"  to  1080".  In  fifeshwater 
ponds. 


Digitized  by  VjOOQ IC 


492 


6T8TI1CATI0  SI8I0BT  OF  THE  OTFUSOBIA. 


M.  urceoiaris, — Veiy  smal^  ureeoUte, 
obliquely  enuurginate  in  front;  colour- 
lees,  transparent,  with  scarcely  an  ap- 
nreciable  differentiation  of  substance; 
nlament  indicated  by  the  movement 
produced  in  the  water  at  the  anterior 
extremity;  motion  slow.  1-2640". 
In  brooks  with  ^sffwum  plwialis. 

M.  exeavata, — Round  or  oval^  with  a 
conspicuous  speck  in  the  antenor  half; 
colourless,  or  occupied  with  amorphous 
brownish  or  greenish  matter ;  filaments 
very  fine,  mm  2  to  2j  times  longer 
than  the  body.  Motion  actiye,  in  a 
straight  line,  and  rarely  revolving. 
1-2100"  to  1-1200".  At  Berne,  in  ponds 
among  C^aro. 

'iLMcftuhu, — Elongated,  cylindrical, 
of  a  homogeneous  pale-green  colour; 


filament  apparently  short;  onward 
movement  stow,  although  it  revolves 
rapidly  upon  its  long  axis.  1-dOOO" 
tol-etoO". 

M.  Fttrdmen, — Cylindrical,  greenish, 
with  red  spots ;  flexible ;  onwara  move- 
ment ana  rotation  rapid.  1-1800" 
to  1-1080". 

M.  Hitta, — Qlobular,  or  slightly  elon- 
gate ;  of  a  dusky-green  or  brown  colour. 
Larger  specimens  at  times  present  a 
dear  areola  around  coloured  contents, 
with  vacuoles  in  the  latter ;  progression 
tolerably  fast,  turning  more  ^H^dly  on 
the  long  axis.  Length  from  1-0000"  to 
1-600".  The  three  species  last  named 
approach  very  closely  to  sporoioids  of 
plants. 


Fresenius  has  added  the  following  species  of  Monas  to  the  number  already 
distinguished: — 

Monas  tnmeata, — Hyaline,  colour- 
less; figure  oval  and  rounded,  truncate 
anterimy,  compressed;  one  larger  and 
many  smaller  vacuoles  often  seen,  the 
former  near  the  middle.  The  truncate 
end  supports  two  filaments,  mostly  on 
one  side,  equal  to  or  rather  longer  than 
the  body.  Close  beneath  the  anterior 
margin  a  small  transverse  coipuscle  is 
mostly  visible,  of  a  fiiint  green  nue,  and, 
some  way  beneath  this,  a  small  contractile 
vesicle.  A  side  view  shows  a  di^ht 
hc^ow  on  the  under  surfiice.  Swims 
without  revolving,  and  mostly  in  a 
straight  oourse.  1-160  to  1-100  milliuL 
indiam. 

M.  eonaoeiata, — Ovate,  with  one  end 
tapering  and  trunk-like,  and  terminated 
by  a  filament  more  than  double  the 
length  of  the  body.  The  proximal  half 
of  this  filament  often  seems  rind,  and 
only  the  distal  or  terminal  hal^  which 
is  oifficult  to  detect  without  the  use  of 
iodine,  motile.  Body  and  its  corpuscles 
colourless ;  among  the  latter  is  one  pro- 
ininent  vacuole,  not  contractile.  A  mul- 
titude of  these  Monads  occupied  a  trans- 
parent mucoid  matter,  which  was  not 

Genus  UVELLA  (XVin.  3,  4).— Well  characterized  by  the  aggrogating 
together  occasionally  of  the  individual  Monads,  so  as  to  form  a  grape-  or 
mulberry-like  mass,  and  by  their  generally  possessing  two  (?)  hair-like  fila- 
ments at  the  mouth.  like  the  Monads,  says  Ehrenberg,  they  are  deficient  of 
the  projecting  lips,  visual  oigan,  and  tail,  and  have  the  mouth  situated  at  the 
anterior  extremity.  They  progress  also  in  the  direction  of  the  longer  axis  of 
their  body,  and  are  capable  of  complete  self-division.  Of  the  sevend  species, 
three  are  green,  and  the  remainder  colourless. 

This  gonus  belongs  to  the  Aggregate  M^madina  of  Dujardin,  and  is  thw 


in  motion.  In  still  spring-water  at 
Walldorf  in  June  and  July.  It  bears  the 
nearest  resemblance  to  Cercomoiuu  vorti- 
eeHaris  (Perty).     1-100  to  1-75  millim. 

M.  Oherhttuieni, — ^A  carmine-coloured 
Monad  found  in  the  sulphureous  spring 
at  Frankfort,  allied  to  Monas  Okem 
(Ehr.),  and  possibly  the  same  as  CSWv- 
matmrn  Weum  (Perty^.  Cylindrical, 
rounded  at  each  end,  nyaline;  fiuntly 
carmine-coloured,  with  a  variable  num- 
ber of  intensely  crimson  globules  inter- 
nally. Some  specimens,  however:  have 
only  a  homogeneous  red  colour.  Trans- 
verse fission  frequently  seen.  It  rotates 
rapidly,  and  advances  with  a  tumbling 
sort  ot  movement  no  doubt  by  means  of 
a  filament;  but  this  eludes  observatimi. 
1-83  to  1-46  millimetre. 

M.  b^mnctata, — A  much  smaller 
species  was  found  in  the  same  glass  with 
the  preceding,  having  a  red  colour,  an 
elongated  ovaJ  figure,  and  a  red  point 
at  each  end.  Longer  specimens  were 
noticed  with  four  such  red  points,  which 
might  be  in  the  act  of  nssion.  This 
form  may  be  the  same  as  the  Mmoi 
rosea  of  Morren. 
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defined  by  bim : — "  animalB  globular  or  ovoid^  baying  a  single  flagelliform  fila- 
ment, and  Hying  aggregated  in  spberical  masses,  freely  moying  about  in  tbe 
liquid."  He  furUier  obseryes  that  isolated  indiyiduals  are  not  at  all  distinguish- 
able from  simple  Monads,  that  there  is  no  good  reason  to  suppose  them  to  liye 
altematelj  isolated  and  in  masses — a  circumstance  therefore  which  cannot, 
according  to  Ehrenberg's  statement,  be  employed  to  distinguish  them  from 
Polyioma* 

Busk  describes  an  early  stage  of  deyelopment  of  Volvox  Sphxnmra  as 
constituting  '<  a  species  of  the  genus  UveUa,  or  of  Syncryptay  Ehrenberg  " 
{M.  T.  yoL  i.  p.  40).  Again,  Cohn  (on  Frotoeowm^  Bay  8oe.  1853,  p.  559) 
makes  one  of  the  multiform  phases  of  deyelopment  of  Protococcus  pluvialie^ 
^*  when  the  zoospore  is  diyided  into  thirty-two  s^ments,"  equiyalent  to  a 
Uvetla  or  Synerypta, 

Perty,  in  Ms  account  of  UveUa  virescens,  denies  the  existence  of  a  common 
eny^ope,  stating  that  when  the  water  eyaporates  from  around  a  specimen, 
the  ooyerings  of  each  indiyidual  corpuscle  coalesce,  and  giye  rise  to  the  appear* 
ance  of  a  general  inyestment  around  them.  He  adds,  moreoyer,  that  at 
times  the  corpuscles  are  green,  with  a  dear  central  stripe ;  at  others,  hyaline 
with  a  distinct  green  border,  and  some  scattered  specks ;  and  at  others,  again, 
hyaline  throughout. 

Dujardin  describes  only  two  species,  yiz.  U,  vireseenSf  and  U.  rosacea »  U, 
Olaueoma  (£hr.).     Forty  contributes  to  the  list  U.  stigmalica. 


Utslla  vire9c«M  (Vokox  Uha,  M.). 
— Oyate,  colour  green,  occurs  in  dense 
dusters  amongst  ConfervflB  and  LemnsB. 
1-2000" ;  diam.  of  cluster  1-280." 

U.  (^oHumiontm, — Smaller  than  the 
pireceding  one.  In  water-butts. 
1-2880";  diam.  of  cluster  1-570". 

U.  Uva. — ^Has  indistinct  yesides,  and 
is  yeiy  smaU.  In  stagnant  water. 
1-4800" ;  diam.  of  duster  1-960". 

U.  atomus  (M6na$  atomus,  M,  Lena  et 
Vohax  soeiahg,  M.). — Voradous,  with 
large  yesides.  1-6900"  to  1-3406"; 
diam.  of  duster  1-1150". 

U.  CRaucoma  (Vokox  sociaiis,  M.). — 
Oval,  inclining  to  conical ;  asitadyances 
in  affe  die  po^erior  extremity  is  attenu- 
atec^and  an  dongated  outline  is  assumed. 
Hyaline,  with  large  yesides,  and  two 
evident  filaments:  indiyiduals  loosely 
affgiegated.  In  1831,  Ehrenberg  first 
^seiTed  a  vibration  at  its  anterior  part, 
and  its  reception  of  coloured  food.  In 
1835,  he  diBoovered  within  the  body  of 
this  minute  creature  some  green  Monads 


which  it  had  swallowed.  When  fed  on 
indiffo,  as  many  as  twelve  yesides  were 
filled,  and  it  was  sometimes  seen  to  void 
little  blue  partides,  like  undigested 
matter,  firom  its  mouth.  With  a  power 
of  800  diameters,  a  great  number  of  small 
colourless  granules^  which  he  called  ova, 
were  discerned  lying  between  the  nutri- 
tive  sacs.  Fission  both  transverse  and 
longitudinal  (xym.  3, 4 :  figures  mag- 
nified about  350  diameters).  In  water- 
butts.  1-2300"  to  1-2360";  diam.  of 
duster  1-430". 

U.  Bodo, — ^Rounded  in  fronts  attenu- 
ated posteriorly;  colour  a  beautiful 
greeiL  In  stagnant  water.  1-4080"  to 
1-3460";  diam.  of  duster  1-2350". 

U.  9tigmdUca  (Perty). — Corpusdes  of 
a  uniform  sea-green  colour ;  each  with 
a  very  fine  red  stigma.  They  are  also 
somewhat  broader  than  those  of  U, 
vireaeena,  and  have  a  more  decidedly 
hyaline  and  apparently  crenulated  enve- 
lojpe.  At  Beme  much  rarer  than  U, 
tnreacens. 


Oenns  MICROGLENA  (XVIII.  6).— Characterized  by  the  presence  of  a 
minute  red  eye-like  speck  at  the  anterior  part  of  the  body.  In  other  respects 
the  spedes  resemble  true  Monads,  having  a  ve^  delicate  filament,  no  pro- 
j^ting  lips  and  tail,  and  swim  in  the  direction  of  the  long  axis  of  the  body. 
They  multiply  by  complete  self-division.  Two  species  only  are  known — ^the 
one  yellow,  and  the  other  green. 


MiCBOOLSKA  punctifera  (Bnchelys 
ptptetd/erOf  M.). — Yellowish,  oval,  or  al- 
most conical ;  posterior  extremity  acute. 


Eye-speck  red  with  abladdsh  central 

spot.  Among  slimy-water  plants.  1-620". 

M.  wMwoAmi.— Of  a  beautiful  green ; 
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form  ovate,  rounded  equally  at  both  ex- 
tremitieB :  red  stigma;  filament  distinct, 
nearly  as  long  as  its  body ;  motion  vibrat- 
ing, rotary  on  its  long  axis.  (xvin.  6. 
Three  animalcules  magnified,  the  first 


800  diameters,  exhibiting  the  int^Enal 
organization  as  represented  by  Ehien- 
berg.)  Among  slimv- water  plants 
(Ilampstead  and  Finchley).     1-2300" 

to  i-rW. 


Genus  CHLORASTER.— Solitary,  without  tail;  mouth  terminal;  with  a 
frontal  oceUus  or  eye-speck ;  central  portion  of  body  with  radiating  rows  of 
raised  points  (veirucee).  It  is  allied  to  the  genera  Olenamorwn  and  Phacdo' 
monas,  but  differs  from  the  former  by  being  solitary  (not  clustering),  and  by 
the  greater  number  of  filaments,  and  from  PJiacelomonas  by  having  fewer 
filaments. 

Cblotlabtvr  gyrans, — Green ;  central  I  acute ;  central  rays  of  puncta  four, 
part    of    body    msiform;    extremities  |  Filaments  from  4  to  5".     1-632". 

Genus  PHACELOMONAS. — ^Filaments  numerous  (8-10)around  the  mouth. 
In  other  respects  it  resembles  Mteroglena :  it  has  the  small  red  eye,  the  trun- 
cated mouth  at  the  anterior  extremity,  but  is  without  a  tail.  It  swims 
in  the  direction  of  the  longitudinal  axis ;  and  its  self-division  is  simple  and 
complete,  but  not  constant  in  occurrence.  Many  vacuoles  are  seen  within 
the  body,  but  they  have  not  been  noticed  to  admit  coloured  fbod.  This  genus 
has  not  been  figured  by  Ehrenberg. 


Phacelomonas  IKihnscuhts  (Monas 
pulviscuiuB,  M.).  —  Figure  oblonjBf  or 
slightly  conical,  attenuated  posteriorly ; 
of  a  beautiful  (freen  colour.  Just  pre- 
vious to  self-division,  its  bodv  becomes 
cylindrical,  then  contracts  at  tne  centre ; 


when  dying  it  changes  to  a  globular 
shape.  In  swimming,  it  turns  quickly 
upon  its  longitudinal  axis,  without  any 
vibration,  m  green  puddles.  1-1152  , 
Ph.  Bodo  (Stem)  ^  UveUa  Bodo  (E.). 


Genus  GLENOMORUM  (XVIII.  7).— Characterized  by  having  a  sin^e 
red  eye-speck,  a  truncated  mouth,  and  two  filaments ;  tail  absent.  Sdf- 
division  simple  and  complete ;  their  clustering  is  voluntary  as  occasion  may 
require,  and  gives  them  the  resemblance  to  a  bunch  of  grapes.  They  swim 
in  the  direction  of  their  long  axis. 

In  this  enumeration  of  the  characters  belonging  to  this  genus,  we  are  pre- 
sented with  an  exoellent  illustration  of  the  table  (and  one  that  exceedin^y 
well  explains  its  use),  under  which  all  the  genera  of  the  family  Monadina  are 
so  arranged  as  to  exemplifyin  what  respects  they  are  alike,  and  in  what  they 
differ  from  each  other.  For  example  (see  Table,  p.  487),  OUwmorvm 
closely  resembles  Uvdla,  but  differs  from  it  by  the  superaddition  of  the  red 
stigma ;  it  differs  from  Monas  and  Microglena  in  occasionally  aggr^ating ; 
from  Chilomonas,  in  being  deficient  of  the  projecting  lips ;  from  Bodo,  in  not 
having  the  tail ;  from  PAo^Zomono^,  by  the  double  proboscis;  from  Doxococeus, 
by  swimming  instead  of  rolling  over  or  revolving  in  the  water ;  and  frt>m 
Polytoma,  by  never  appearing  in  clusters  whilst  undergoing  self-division. 


Glbnomobttm  ttngens  (xvin.  7).  — 
Fusiform,  three  or  four  times  longer  than 
broad,  of  a  beautiful  ffreen  colour,  with 
double,  exceedingly  delicate  proboscis 
about  half  the  length  of  its  body.  Inter- 
nally are  some  small  whiti^  vesides, 
and  the  minute  granules  which  give  rise 
to  the  green  colour.  About  the  centre 
of  the  body  is  a  large  transparent  colour- 
less organ,  the  nucleus.  The  beautiful 
red  eye-speck  is  placed  about  one-third 


from  the  anterior  extremity  of  the  body. 
These  animalcules  constitute  a  great 
portion  of  the  green  matter  commonly 
seen  on  stagnant  water,  and  discovered 
bv  Priestley.  They  appear  to  be  neariv 
allied  to  Cerearia  viridia,  from  which 
they  differ  only  in  magnitude  and  in 
the  unalterable  form  (»  their  bodies. 
Plentiful  at  Hampstead.  Size  1-3000" 
to  1-1700". 
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Geims  D0X0C0CCU8.— The  Monads  fonning  this  genus  differ  from  all 
others  of  the  fEunily  Monadina  by  the  singqlarity  of  their  motion^  which  maj 
be  defined  to  be  neither  that  of  swimming  nor  of  rotation,  but  a  sort  of  roll- 
ing over  and  over.  In  other  particulars  they  are  like  other  Monads :  they 
have  the  same  unvarying  form,  and  are  destitute  of  the  eye-qpeck,  project- 
ing lips,  and  tail ;  and  sdf-division  is  simple  and  ocnnplete.  Four  species  are 
known. 


Doxococcirs  Globuhti.  —  Subglobose 
or  ovate;  transparent  as  water;  easily 
known  hj  its  tedious  rolling  motion; 
mouth  not  discerned.  In  «dt  water. 
1-860". 

D.  ruber  (xvra.  8).— Brick-red,  glo- 
bular, and  opaaue.  Ehrenberg  Mspears 
to  doubt  wnetner  this  animalcule  be- 
longs here  (thouf  h  its  motion  is  very 
peculiar)  or  to  the  genus  IhuMomO' 


na» ;  and  he  has  not  been  able  to  satisfy 
himself  of  the  existence  of  a  lorica. 
Amongst  Conferv»,  ftc    1-1790". 
D.  Pidvi9ctiki$.'-Qteen,  parfectly  (?) 

gobular,  and  opaque.     Amongst  Om- 
rvae.     Not  exceeding  1-1280". 
D.  mequalis,  —  Lregulariy^  olobular, 
transparent,  and    covered  witn  green 
spots.    Amongst  ConfervaD.    1-2^0". 


Genus  CHm)M0NA8  (XVIII.  14,  18).— Characteriied  by  the  oWiquity 
of  the  mouth  with  respect  to  the  longitudinal  axis  of  the  body,  which  oeoasions 
a  projection  above  the  mouth  of  a  lip-like  appearance.  Motion  in  the  direction 
of  the  long  axis  of  the  body ;  form  invariable ;  devoid  both  of  eye-speck  and 
tail.  Whether  the  projecting  lip  is  fbmished  with  cilia,  or  with  a  double 
filament,  Ehrenbeig  has  not  satisfactorily  determined,  except  in  the  case  of 
C,  Paramemum,  in  which  he  states  two  filaments  are  to  be  clearly  seen.  On 
C.  destruens  there  are  a  number  of  indistinct  dlia.  Self-division  is  simple  and 
eomplete. 

Dujardin's  characters  of  this  genus  are,  **  Animals  with  an  ovoid,  oblong 
body,  obliquely  notched  in  front,  with  a  very  slender  filament  proceeding  ftt>m 
the  bottom  of  the  notch.  Movement  from  before  backwards,  on  its  centre. 
It  is  with  doubt  that  I  refer  the  Infrisoria  I  thus  name  to  the  genus  ChUo" 
manas  of  Ehrenberg.  The  mode  of  insertion  of  the  filament  behind  a  pro- 
jecting lip-like  portion,  approaches  the  animals  to  the  Euglents  and  to  certain 
Thecamonadina ;  but  I  cannot  discover  any  trace  of  an  integument,  either 
contractile  or  resistant.'' 


Chilomonas  Volcox. — Ovate,  attenu- 
ated and  truncated  anteriorly,  trans- 
parent and  colourless ;  projecting  lip 
long:  will  feed  on  indigo.  In  stagnant 
water.    1-1440". 

C.  Tiarameeium  (xvm.  14). — Oblong 
or  ovate,  wider  at  one  end  than  at  the 
other,  keeled  longitudinally ;  colour  like 
that  of  duly  water.  The  contained  gra- 
nules have  the  reaction  of  starch.  At  the 
posterior  end  a  dear  nucleus  with  a  red- 
dish halo  may  be  observed ;  and  at  the 
anterior  is  a  reddish  vesicle,  probably  con- 
taractile.  It  refuses  coloured  food.  This 
animalcule  is  easily  distinguished  bv  its 
shape  and  peculiar  lip-like  process,  with 
a  power  ot  about  240,  numerous  vesicles 
ace  visible,  and  with  380  the  two  fila- 
ments, which  are  half  the  length  of  the 
body,  and  proceed  from  a  sinus  in  the 
wider  end.  It  moves  in  the  direction  of 
its  long  axis,  in  a  fluctuating  or  waver- 


ing manner.  It  sometimes  dusters.  In 
water  wherein  wheaten  bread  has  been 
steeped.  1-1020".  The  colourless  va- 
riety of  this  spedes  is  enumerated  by 
Perty  as  one  of  the  many  forms  of  his 
Cryptcmonas  polymorpha. 

C.  d^a^rti^fw. --Oblong,  but  variable  in 
form,  on  account  of  its  softness,  neariv 
colourless  or  faint  yellow.  In  salt  ana 
fresh  water,  and  in  the  bodies  of  dead 
Rotatoria,  e.  g.  Anur<Ba  foUacea  and 
Monocerca  Rattm.     1-860". 

C.  gramdoM  (Duj.)  (xvm.  18). — Co- 
lourl^  oblong,  laiger  anteriorly,  al- 
most invariable  in  form,  although  of  ffe- 
latinous  consistence ;  filled  with  gramues 
which  seem  to  project  from  its  sur&ce ; 
filament  very  mie,  arising  from  an  ob- 
Uque  notch.    1-040"  to  1-860". 

0.  obUquiL — Ovoid  or  pyriform,  no- 
duliur,  of  variable  form ;  the  filament  la- 
teral.    1-2600". 
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Genus  BODO  (XVIII.  9). — ^The  caudal  i^ipendage  at  the  posterior  extcenity 
of  the  animalcules  is  a  decisiYe  character  of  the  genus ;  mouth  terminal,  fur- 
nished with  a  (single  ?)  filament ;  self-diyision  simple  and  complete ;  eje- 
speck  absent.  They  never  constitute  true  or  perfect  clusters  like  some  of 
the  family  Monadina,  although,  like  Uvdla^  they  occasionally  aggregate.  In 
B,  grandis,  several  vacuoles  have  been  observed,  and  (as  also  in  B.  inUsHnaUs) 
a  simple  (perhaps  double  ?)  filament.  B,  didymut  has  been  known  to  divide 
transversely. 

This  genus  Bodo  partly  comprehends  the  genera  Hexamita,  Amphinuynat, 
and  Cereomonas  of  Bigcurdin,  which  are,  with  others,  introduced  as  addenda 
to  this  fiEumly  Monadina.  Dr.  Burnett  has  made  the  following  very  correct 
and  just  remarks  on  this  genus  Bodo  and  its  division  into  species : — 

''The  tailed  Monads  or  Bodos  are  found  in  the  intestines  of  the  common  house- 
fly or  in  those  of  the  frog.  Those  from  the  flv,  when  first  seen,  resemble  in  shape 
a  kernel  of  rye,  and  are  about  l-6000th  or  an  inch  in  breadth,  and  1 -2000th 
in  length.  Attached  to  the  body  is  a  delicate  hair-like  tail,  four  or  five  times 
its  lei^^th.  By  the  addition  of  water,  the  body  enlarges  by  endosmosiBy  as- 
suming a  perfectly  spherical  shape  after  passing  throng  all  the  intermediate 
ones,  so  that,  when  magnified  by  the  highest  power  of  Spenser's  microsc<^y 
it  is  nearly  one  inch  in  diameter,  permitting  the  most  thorough  and  satLsfiac- 
tory  study  of  their  structure,  which  I  find,  after  repeated  observations,  has 
no  peculiarities  except  those  belonging  to  cells.  It  is  a  dosed  cell  sac,  with 
a  filiform  caudate  process,  and  capable  of  the  actions  of  ceU-membranes,  vis. 
endosmosis  and  exosmosis.  In  the  interior  of  this  sac  are  found  sometimes 
a  few  granules  and  sometimes  a  nucleus. 

''  In  the  Bodos  of  the  frog,  which  are  larger,  I  have  seen  distinctly,  in  some, 
a  nucleus  with  a  nucleolus,  in  others  two  nuclei,  and  in  oldiers  still,  four 
nuclei  of  equal  size,  thus  showing  that  here  the  multiplication  of  cells  takes 
place,  as  elsewhere,  by  segmentation  of  the  nucleus. 

''  Apart  from  these  characteristios,  which  are  insufficient,  the  fcust  that  I 
have  sometimes  met  with  them  in  tiie  interior  of  epithelial  cells,  would  be 
strongly  presumptive  of  their  cell  origin  from  minute  granules  that  pass 
through  the  cell-walls.  The  representatives  of  the  genus  Bodo  therefore 
appear  to  be  simple  cells,  each  with  a  filiform  appendage  for  locomotion,  and 
which  locomotion,  therefore,  can  have  no  adaptive  character. 

''  There  are  differences  in  them  as  they  may  be  taken  frt)m  different  locali- 
ties ;  but,  because  these  particles  are  cells  capable  of  much  change  by  dilata- 
tion and  contraction,  these  differences  can  never  serve  as  the  basis  of  species, 
which  would  also  be  true  from  the  fact  that,  having  no  individuality  of  their 
own,  there  i&  necessarily  no  absence  of  type  characteristics." 

species,  and  with  the  Bursaria  ranarum, 
1-1440". 

R  viridis. — Gh;een,  nearly  globular; 
tail  very   short    Amongst   Coniervie. 


Bono  inleatmaUs  (xvra.  9). — ^Almost 
conical,  transparent,  and  colourless ;  tail 
of  equal  len^^  with  the  bodv.  Found 
in  several  bving  animals,  such  as  frogs 
and  toads.  Amongst  the  watery  mucus 
of  the  alimentary  canal  Ehrenberg  has 
observed  great  numbers  of  these  crea- 
tures^ and  remarks  that  the  Cercaria 
Oyrxnus  of  MiiUer  (a  different  animal- 
ctue)  mi^ht  pass  as  a  representation  of 
this  species,  and  that  it  was  confounded 
by  its  discoverer  with  Spermatozoa. 
1-1720". 

B.  ranarufn{^  Cereomonas  Ranarumy 
Perty). — Body  turgid,  ventricles  indi- 
stinct.   In  live  froifs,  with  the  preceding 


1-2400".  Perty  believes  this  species  to 
be  merely  the  young  of  Euglena  trndis. 

B.  soetalis  (ifonas  Lens,  M.). — Ovate 
or  subglobose ;  tail  often  longer  than  the 
body;  transparent  and  colourlesa  Clus- 
ters in  a  mulberry  shape.  Single  forms 
are  sometimes  oleervea  hoppuiff.  Com- 
mon in  stagnant  water.     1-2970". 

B.  vortieeUarts  {=  Cereomonas^  PertyV 
—  Body  three  tunes  as  long  as  it  is 
broad ;  tail  very  short  In  frosh  water. 
1-11200". 
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R  dbVlyifwt. — Generally  constricted 
about  midway,  tail  short    l-9dO(X'. 

B.  iaUoHS, — ^Veiy  small ;  body  with 
ample  ventricles ;  tail  short  This 
creature,  most  probably  from  its  small 
size,  has  been  mistaken  for  Muller*s 
MonatTarmo ;  but  its  brisk  leiq[nng  move- 
ment will  sufficiently  distmffuish  it 
1-1200". 

R  gremdis. — Oblong ;  vesicles  ample ; 
tail  rigid,  setaceous,  i^zed  to  the  abdo- 
men. In  stagnant  water.  1-864". 
T^ichmann  states  that  an  animal  which 
was  probably  Boclo  fran^  but  might 
have  oeen  an  AgUuia,  devoured  VSrio 
of  two  to  four  times  its  own  length, 
and  in  this  way  acquired  the  most 
extraordinaiy  forms;   the  mouth  was 


dose  to  the  insertion  of  the  flagellum. 
B.  ottrea  (Pritchard).~Globu£ir;  the 
anterior  thr^fourths  occupied  with  ve- 
sideS;  the  rest  hyaline ;  length  of  tail 
four  times  the  diameter  of  bodv.  This 
active  creature  was  discovered  in  the 
liquor  of  an  oyster,  swimming  freely 
among  the  ova  (Sept  1834).      DianL 

K  P  Moitix  (Ehr.).— Obovate,  turgid, 
smooth;  terminal  seta  flezuose,  acute, 
exceeding  some  two  or  three  times  the 
length  of  the  body.  Length  1-48'"  to 
1-30"',  with  the  filament  1-20 ".  The 
filament  trails  behind ;  motion  slow,  not 
leaping.  This  is  the  largest  form  of  j&odb 
observed  by  Ehrenberg.  Found  about 
SphagnunL 


The  following  genera,  named  and  described  by  Bujardin,  are  introduced 
into  his  frunily  Monadina : — 

Genus  CYCLTDIUM  (D.)  (XXVI.  14, 16).— Body  discoid,  compressed,  or 
lamelliform,  scarcely  variable ;  the  filament  thicker  and  more  rigid  near  the 
base  than  that  of  Monas,  the  free  extremity  only  being  moved. 

This  genus  is  as  yet  but  artificial,  and  indeed  provisional ;  for  true  Monads 
perfectly  developed  may  possess  a  filament  with  a  thicker  base,  and,  again, 
the  constant  ouUine  of  Uie  body  may  be  Uie  consequence  of  the  presence  of 
an  int^^oment — ^in  which  case  die  animalcules  in  question  would  be  referable 
to  the  fiunily  Thecamonadina.    Movement  slow  and  uniform. 

It  is  to  be  r^iietted  that  Bujardin  uses  this  generic  name,  as  Ehrenberg 
previously  employed  it  to  designate  certain  ciliated  animalcules  which  cor- 
respond but  partially  with  those  of  Bujardin.  Indeed  this  naturalist  ob- 
serves that  **  the  genus  Cydldium  (£hr.)  contains  Monads  also,  and  very 
probably  some  of  those  to  which  I  have  applied  the  same  '  generic '  name." 


CTCI.IDII7M  noduiagum  (Buj.J).  — 
Flattened,  discoid,  with  rows  of  nodules 
and  vacuoles;  movement  extremely 
abw.  Length  1-5200".  In  water  from 
the  Seine. 

C.  abseismm  (Bui.)  (xxvi.  16). — 
Membranous,  lameUiform,  truncated 
posterioriy;  filament  ri^d;  movement 
alow,  regular.     1-1040". 

C.  criMuum  (Buj.). — Oval,  thick,  and 
rounded;  filament  thickened  at  its  base 
and  ra&er  sinuous;  movements  more 
active,  zigzag.  1-1090".  Length  of  fila- 
ment 1-600". 

C.  distortum  (BuU  (xxvi.  14)  (  = 
S^omonas  roWife,  jPerty). — Oval,  flat. 

Genus  CERC0M0NA8  (B.)  (XVIII.  11,  12,  20,  22,  23).— Body  rounded 
or  discoid,  tubercular,  with  a  posterior  variable  process  in  the  form  of  a  tail, 
of  greater  or  less  length  and  fineness. 

The  Cercomonads  differ  from  the  Monads  by  the  posterior  prolongation, 
which  serves,  by  the  adhesion  of  its  extremity,  as  a  point  of  support :  it  occurs 
either  as  a  very  fine  thread  or  contracted  into  a  small  tubercle ;  it  is  some- 
times nearly  as  fine  as  the  anterior  filament,  and  susceptible  of  an  undulatory 

2k 


nodular,  irregularly  bent,  with  a  tumid 
border.    1-1800"  to  1-800". 

''This  species  is  perhaps  only  one  phase 
of  dcTelopment  of  Monas  Lens ;  it  was 
found  in  Seine  water  kept  during  three 
months.  When  young  it  has  the  form 
of  a  disk,  with  a  tumid  and  nodular 
margin;  when,  however,  it  has  ^wn 
larger,  it  becomes  twisted  upon  itself, 
ana  its  movements  irregular.  Some  in- 
dividuals ofiered  a  certain  affinity  with 
the  Trepomonads.  which  favours  the 
opinion  alreadv  aavanced,  that  the  ma- 
jority of  the  Monadina  are  but  modifica- 
tions of  one  or  of  several  types." 
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motion*     I  have  not  nnfrequently  witnessed  the  transition  of  Monads  to  die 
condition  of  Cercomonads. 

Wo  may  conclude  that  many  of  the  animalcules  descrihed  in  the  genus 
Bodo  (Ehr.)  are  examples  of  this  genus  {Cercomonas,  Duj.),  although  suffi- 
ciently marked  characters  are  wanting  in  order  to  discover  specific  identity. 


Cebcomonas  detracta.  —  Discoid  or 
oblongy  granular,  with  a  thick  tail. 
1-7000"  to  1-2300". 

C.  erasstemtda. — Elongated,  nodtdar, 
flexible,  or  yariable  in  form,  more  or 
leM  contracted  posteriorly  into  a  tail. 
1-3400"  to  1-2000 '. 

C.  viridis. — Ovoid,  oblong,  tubercular, 
green,  prolonged  posteriorly  into  a  tail 
of  varying  tenuity,  or  into  a  rounded 
lobe  or  spathulate  expansion.  1-1500". 
Perty  beneves  this  to  be  no  other  than 
an  early  stage  of  development  of  Euglena 
viridis. 

C.  lacryma. — Globular,  unequal,  elon- 
gated posteriorly  as  a  long  flexuose  taiL 
Length  of  body  1-6200"  to  1-3000";  of 
tail  1-2600" ;  of  filament  1-760". 

C.  acuminata  (xvni.  20). — Globular  or 
ovoid,  contracted  posteriorly  into  a  short 
tail,  terminated  by  a  very  fine  filament 
1-2600"  to  1-1900". 

C.  OMndus  (xvra.  23).  —  Globular, 
with  a  filament  at  each  extremity  douUe 
its  length,  the  anterior  one  more  actively 


moved.  Length  1-2600".  In  marsh^ 
water. 

C.  Umgicauda  (xvin.  22^. — ^Fnsiform, 
flexible,  tenninated  posteriorly  by  a  long 
and  very  slender  flexuose  filament 
1-1800". 

C.  fusiformis, — ^I^ated  at  centre,  con- 
stricted m  front,  and  prolonged  behind 
into  a  long  delicate  taiL  Length  of  body 
M0OO". 

C.  cyUndriea. — Elongated,  cylindri- 
cal, constricted  posteriorly,  terminated 
by  a  long,  straignt,  and  very  thin  taiL 
Length  of  body  1-2600";  of  tail  the  same. 

C.  tnmcata  (xvm,  12  a,  6).  —  Con- 
tracted po6teri(Nrly ;  trunciU;e  in  front, 
with  a  mament  springing  from  each  of 
the  truncated  angles;  the  posterior 
angle  extended  more  or  less  into  a 
lobe.     1-3000"  to  1-1900". 

C.  lobata  (xvin.  11  a,  6). — Variable  in 
form,  tubercular,  sending  out  a  flageOi- 
form  filament  from  the  end  of  an  ante- 
rior lobe,  and  emitting  also  one  or  two 
other  lobes.    1-3260"  to  2-3260". 


It  is  right  to  mention  that  Bujardin  has  noted  the  occurrence  of  several  of 
the  above  Cercomonads  in  organic  infusions,  in  conjunction  particularly  with 
Monas  Lens,  and  that  he  inclines  to  the  idea  that  these  differently-named  In- 
ftisoria  are  merely  different  conditions  of  the  same  animalcule. 

Perty  adds  the  following  species : — 


C.  intestinalis. — Has  a  posterior  vi- 
brating filament,  and  probably  an  ante- 
rior one  also.  Internal  molecules  very 
fine;  body  transparent;  posterior  fila- 
ment about  three  times  the  len^  of  the 
body.  Is  common  in  the  intestine  of  the 
frog,  and  is  in  part  equivalent  to  JBodo 
intestinaUs  (E.).     1-3000". 

C.  cMrroto.-— Cylindrical,  curved,  with 
an  anterior  and  a  posterior  filament  In 
some  specimens  apparently  two  fila- 
ments occurred  in  front  1-2400".  Very 
active :  occurs  among  the  ova  of  the 
frog  ( J2ana  temporaria), 

V.  mrticeUarts^Bodo  soeiaUs  and  B. 
vorticellaris  (E.). 


C.  BanarumszBodo  ranarum  ?  (E.).— 
Colourless,  soft,  more  or  less  conical; 
tapering  or  rounded  behind,  but  witiiout 
posterior  filament  In  water  with  Mol- 
iusca,  and  in  the  intestine  of  frogs. 

C.  clavcUa,  —  Colourless  or  greyish, 
thickened  anteriorly,  tapering  poste- 
riorly, club-shaped;  motion  rather 
quid;  periphery  clearer  than  the 
centre.     1-670". 

C.  Falcula. — Colourless,  transparent, 
compressed  and  curved  (P),  much 
widened  in  front,  truncate  and  emar- 
ginate;  posterior  portion  tapering  to 
a  blunt  apex ;  movements  sluffiiflh. 
1-720". 


Genus  AMPHDCONAS  (Dnj.)  (XVIH.  13).— Animals  of  variable,  iire- 
gular  form,  having  at  least  two  f^amente,  of  which  one  is  either  in  firont,  and 
the  other  on  one  side,  owing  to  a  constriction  of  the  body,  or  both  are  lateral, 
and  accompanied  or  not  with  a  candiform  prolongation.  The  leaping  move- 
ments of  A,  caudata  are  remarkable,  and  the  variability  in  form  is  charac- 
teristie  of  each  species. 
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Amphiiionas  dupar(TrnL  180,5). — 
Oblong,  of  TeryYariabl&  lorm,  one  or  other 
end  conBtricted,  or  prolonged  laterally 
into  two  filaments.  1-3600"  to  1-2900". 
Moyement  active,  jerkiiig. 

A.  caudata. — Of  very  variable  form, 
mostly  depressed,  tubercular,  convex  on 
one  side,  angular  on  the  oilier,  with  a 
filament  proceeding  from  the  summit  of 
each  angle.    1-21^ 'to  1-1300". 

'^  This  species  seems  to  me,"  says  Du- 
jardin,  ^  to  be  allied  to  the  Bodo  mlUms 
of  Ehrenbeig.  In  every  example,  I  saw 
two  fiagelliform  filaments,  one  firom  the 
anterior,  the  other  from  the  lateral  angle ; 
a  caudiform  prolongation,  obtuseor  drawn 
out  as  a  thiid  filament,  often  adhered  to 
the  slide." 


A.  bracktaUi, — ^Under  this  name  is  in- 
dicated an  animalcule  of  the  fiimily  Mo« 
nadina,  which  Ihiiardin  only  once  met 
witlK  of  an  ovoid  or  pyriform  shape, 
fiUed  with  granules,  and  giving  off  from 
its  narrower  anterior  end  a  simple  flexu- 
ose  filament,  toother  with  a  variable 
dilated  lobe  emitting  two  other  filfU 
ments  having  an  undulatory  motion. 
The  animal  progressed  by  leaps,  revolv- 
ing at  the  same  time. 

A.  exiUg  (Perty).— Colour  Boft  grey ; 
fi^fure  wedge-shaped,  oftentimes  emar- 
gmate  anterioriy ;  filaments  two,  twice 
the  length  of  tne  body,  colourless ;  mo- 
tion oscillating.     1-2000". 


GennB  TB.EPOMONAS  (D.)  (XVIH.  16  &  27).— Body  compressed,  thicker 
and  more  rounded  posteriorly ;  its  anterior  extremity  presents  two  thin  lobes, 
bent  to  one  side  and  each  terminated  by  a  flagelliform  filament,  which  pro- 
duce an  active  whirling  and  jerking  movement. 

**  The  examples  of  this  genus  are  very  common  in  all  collections  of  marsh- 
water  containing  decomposing  plants,  but  are  most  difficult  to  determine, 
owing  to  the  irregularity  of  iSieir  form  and  the  rapidity  of  their  movements. 
I  have  rather  glimpsed  than  certainly  detected  their  flagelliform  filaments^ 
and  have  in  vain  attempted  accurately  to  delineate  them." 

TxtEPOMOKAS  agiUs  (xym.  16,  27). — Body  granular,  unequaL    1-1300". 

Genns  HEXAMITA  (D.)  (XXVI.  1).— Animals  with  an  oblong  body 
rounded  in  fit)nt,  constricted  and  bifid  or  notched  behind.  Two  to  four  fila- 
ments extend  from  the  anterior  border ;  and  the  two  posterior  lobes  are  pro- 
longed as  two  flexuose  filaments. 

This  genus,  characterized  by  the  number  of  its  motor  filaments,  appears 
sofficiently  distinct  from  the  preceding.  Its  species  occur  in  decomposing 
marsh-water  and  in  ihe  intestine  of  I^traohians,  but  not  in  artificial  infu- 
sions. 

to   the   filaments. 


which   give    origin 
1-600"  to  1-1300". 

H.  intestmaUs, — Fusiform,  prolonged 
into  a  bifid  taiL  Veiy  common  in  the 
abdominal  cavity  of  the  Batrachia  (frogs 
and  newts).  It  moves  in  a  straight  line, 
oscillating  from  side  to  side. 


Hbxamita  noduhsa  (xxvi.  1^. — Ob- 
long, with  three  or  four  longitudinal 
rows  of  nodules,  the  two  lateral  of  which 
azte  extended  into  tapering  slender  lobes, 
each  terminated  by  a  filament;  move- 
ment vacillating.     1-1300"  to  1-1600". 

H.  ^^kUa.  —  Oval  oblong,  rendered 
ahnoet  quadrangular  by  the  processes 

Genns  HETEROMITA  (D.)  (XXVI.  5;  XVUI.  26).— Body  globular, 
orvoid,  oir  oblong,  with  two  filaments  extending  frt)m  the  same  point  in  front 
—one  slender,  undulating,  and  producing  an  onward  movement,  the  other 
thicker,  stretching  posteriorly,  and  free,  or  contracting  adhesion  with  the  glass 
slide  along  which  it  moves,  so  as  to  cause  a  sudden  movement  backwards. 

^*  The  several  sections  of  the  Monadina,  together  with  the  Thecamonadina 
and  the  EuglensB,  contain  Infusoria  possessing  two  filaments,  by  one  of  which 
thej  progress,  by  the  other  adhere  for  support  to  any  solid  body,  ond  produce 
a  sadden  movement  backwards  by  its  contraction.  To  prevent  confounding 
speeimens  of  these  several  families,  the  same  distinctions  which  mark  the 
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Monadma  generally,  must  be  found  in  order  to  ooostitate  the  Heteiomita 
members  of  that  fiEunily, — such  as  the  absence  of  int^^oment,  the  gelatinoug 
i^peaiBDce  of  the  entire  mass  admitting  of  agglutination  to  other  objects, 
and  the  drawing  out  of  its  snbstance  into  filamentous  processes,  together  with 
the  existence  of  certain  corpuscles,  which  can  only  have  penetrated  the  inte- 
lior  as  a  consequence  of  the  formation  of  vacuoles  at  Uie  surfiEUie  "  (Buj.). 


HsmtOMiTA  avaia  (xxvi.  5). — 
Ovate,  narrower  anteriorlv,  containing 
vacuoles,  granules,  ana  Navicul». 
1-1050"  to  E1I6O". 

This  is  probably  the  Bodo  grandis  of 
Ehrenberg.  His  other  Bodos  are  not 
HeteromiUtj  but  impNeifectlv-obsenred 
Cercomonads  or  Amphimonaos. 

H.  Oramdmn, — Globular,  sur&ce  gra- 
nular.   1-2000".    In  rather  putrid 
water. 


H.  anguda,  —  Nairow,  lanceolate, 
slifffatly  bent,  tapering  at  each  end,  with 
a  &gelliform  and  %  second  filament  from 
the  same  point  anteriorly,  erect  at  the 
base,  but  noating  freely  the  rest  of  its 
length.    1-1060^ 

Tuis  is  a  doubtful  species ;  it  is  of  the 
shi^  of  a  lanceolate  lea^  with  a  mid- 
rib or  longitudinal  fold. 


The  fi^owing  species  are  from  Forty's  work : — 


11.ouaUla, — Colourless,  ver^  delicate, 
cylinorical  or  Euglena-like  in  figure, 
constricted  at  the  centre,  often  emargi- 
nate  posteriori  v ;  filaments  2  to  2^  times 
loiu;er  than  tne  body;  movements  in- 
active, oecQlating ;  few  fine  granules  in- 
ternally. 1-dOOO"  to  l-2lS>".  AlHed 
to,  but  smaller  than,  H.  angtuiOf  and 


like  AmpkimonM  ditpar,  in  which,  horw- 
ever,  both  filaments  are  equal  In  ponds 
atThun. 

EL  exigua. — Oval  or  spheroidal,  eo- 
louriess;  filaments  about  three  times 
the  length  of  the  body :  movements  in- 
active. 1-7000"  to  1-4800".  In  turf- 
hoUows  OB  the  Bernese  Alps. 

Genus  TBICHOMONAS  (D.)  (XV  lU.  28).— Body  ovoid  or  globular,  capable 
of  being  drawn  out  when  adherent,  and  in  this  way  presenting  Bometimes  a 
candal  prolongation.  The  anterior  flagelliform  filament  is  accompanied  with 
a  group  of  vibratile  cilia. 


Tbichomonas  vaginalis, — Gelatinous, 
nodular,  unequal,  hollowed  by  vacuoles, 
often  adhering  to  other  bodies ;  move- 
ment oscillating.    1-2600". 

T.  24ma«».--Ovoid^  smooth,  pointed 
at  each  end,  and  terminating  in  m>nt  by 
a  fiaffelliform  filament^  from  the  base  of 
whicn  a  row  of  vibratile  cilia  is  directed 
backwards;  progressive  movement  act- 
ive, the  animalcule  at  the  same  time 


turning  on  its  axis.    1-1780".  Found  in 
the  intestine  of  Litnax  agresUg. 

T.  Bairachiarum  (Perty)  (xvm.  28«,  h, 
c,d).  —  Widely  OTal,  at  times  slightly 
emarginate  in  front  mostly  with  a  keel 
alcmg  the  back,  colourless,  and  8  to  10 
cilia  on  the  left  side;  reeemblee  T. 
lAmacisy  but  is  more  finely  granular. 
1-2400"  to  1-1300". 


Genus  ANTHOPHYSA  (D.)  (XXVI.  2).— Animals  ovoid  or  pyrifonn, 
frirmshed  with  a  single  flagelliform  filament,  and  collected  in  dusters  at  the 
extremities  of  a  branching  stem,  or  polypidom,  secreted  by  themselves;  dusters 
when  detached  resemblii^  those  of  Uvdla, 

The  tree-like  polypary  is  brown  at  the  base,  but  dearer  and  even  dia- 
j^ianous  at  the  termination  of  the  branches,  which  appear  nodular.  The 
groups  of  animalcules  are  easily  detached  from  the  stem,  and  then  commaioe 
a  rotatory  movement  by  the  action  of  the  filaments  of  each  individual  in  the 
group.  Detached  solitary  animalcules  move  like  the  common  monads  witii  a 
single  filament.  The  branching  support,  at  first  soft  and  gelatinous,  becomes 
by  degrees  more  consistent,  brown,  and  of  a  homy  character,  appearibog  to 
partake  no  longer  of  the  vitality  of  the  animalcules. 

A,  Mulleri  was  erroneously  placed  by  Ehrenbei^  in  the  genus  E^istylis^ 
among  the  Yorticellina,  and  called  E,  vegetans. 

The  delicate  branched  fibre  or  stem  has  been  considered  a  microscopic 
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fonguSy  and  been  named  bj  Eiitzing  Stereonema.  Upon  this  view,  the 
monadiform  beings  crowning  the  summits  of  the  branches  have  been  con- 
ceived to  represent  the  spores.  This  opinion  has  been  carefdlly  investigated 
and  rejected  by  Gohn  (Entunek,  cL  tmhrosicop.  Algen  u.  Pike^  pp.  114-115), 
who  confirms  Dujardin's  deseription,  and  regards  it  as  a  stalked  UveUa. 

the 


Anthophtsa   MuUeri, — With 
characteTS  described. 

A.  doUtaria  (Boiy). — ^A  species  was 
described  under  this  name  by  Bory  de  St 
Vincent,  and  is  again  brought  to  notice 
by  Fresimiiis,  who  met  witk  it  in  some 
etanduig  water  with  Sakinia,  The 
stem  is  simple  (not  branched),  and  has 
a  dear  outline  to  its  extremity.  Its 
length  is  from  1-25  to  1-8  millim. ;  and 
in  water  it  has  a  dear  brownish-green 
colour.    Its  apex  is  surmounted  by  the 


monadiform  beings,  looking^like  so  many 
short  hyaline  fibres.  Eada  monad  con- 
tains a  conmaxatiYely  large  non-con- 
tractile vacuole  having  a  rra  refraction, 
and  is  furnished  with  a  filament  at  its 
free  extremity.  Length  of  monads 
1-100  to  1-75  millim.  The  fixed  stem 
can  bend  itself  fix>m  side  to  side.  In 
one  specimen  a  contractile  vesicle  was 
seenin  one  of  the  monads.  This  organism 
appears  to  be  precisely  the  same  as  the 
BpiUyU»  BotnfiU  (Ehr.)» 


Genns  PEBONIXJM  (Cohn),  represented  by  one  species. 

Pebonium  aekuUtre  has  been  newly 
described  by  Cohn  (EiOwick.  &c  p.  158) 
as  a  form  allied  to  Anihopkyaa.  It  is 
parasitic  on  the  spores  of  iHhdaria,  and 


consists  of  a  delicate  colourless  fibre  sur- 
mounted by  a  globular  head,  whidi  re- 
solves itself  into  numerous  swarm-cells 
of  a  monadiform  character. 


The  two  next  genera  are  named  by  Wemeck  (MonaUhericht  der  BerUiu 
AJcad.  1841,  p.  377),  and  thus  briefly  described : — 

Genns  AI^U Y KlUM  =  En terodelons  Bodos  (t.  e.,  according  to  the  nomen- 
datare  of  Ehrenberg,  Bodos  famished  with  an  intestinal  tube)  with  a 
moveable  setaceous  foot. 

Hie  existence  of  an  alimentary  tube  (so  supposed)  removes  the  Bodo 
grandis  and  the  six  allied  species  (t.  e.  the  genns  Ancyrium)  far  above  the 
Monadina  of  Ehrenberg,  whilst  the  possession  of  the  setaceous  foot  also  indi- 
cates a  higher  oiganization. 

Grans  EBETESss  Loricated  Fhacelomonads. 

The  following  are  the  new  genera  of  Monadina  instituted  by  Perty :: — 
Genns  TETRAMITUS  (Perty)  (XIX.  3).— Rgure  conical,  tapering  pos- 
teriorly, and  having  four  vibratory  filaments  in  firont    Hexamita  differs  in 
having  in  addition  two  posterior  filaments. 

Tbtbamitus  de9cis9us  (xix.  3). — 
Wedge-shi^ped,  curved,  truncate  ante- 
riorly, and  colourless  or  pale  «t&j»  Sur- 
face maiked  by  cross-lines.  Movements 
tolerably  active  and  oscillating.    I^a- 


prominent  angle  or  beak.  Smallest 
specimens  1-7W0",  the  largest  1-1080" 
in  len^^th.  Bern.  In  stale  pond-water. 
Fresemus  describes  it  ss  rather  pyriform, 
truncate  anteriorly,  with  a  short  trunk- 
like process  from  one  side ;  elongated  and 
pointed  behind.  A  vesicle  (contractile  P) 
at  the  anterior  extremity. 


mente  nearly  twice  the  length  of  the 
bodv.    1-1860". 

T.  ros^o^Mf.— Colouriess,  with  an  an- 
terior border;  one  side  elongated  as  a 

Genns  MALLOMONAS  (Perty)  (XIX.  4-6).— Body  oval,  elliptic,  or  discoid, 
¥rith  brown  or  greenish  oonteate.  Surface  covered  with  long  motionless 
hairs.    A  single  filament  anteriorly,  double  the  length  of  the  body. 

of  the  hairs ;  these  are  commonly 
longer  on  the  posterior  half.  Contents 
sometimes  seen  longitudinaUy  or  trans- 
versely divided.  Moyements  rather 
rapid,  but  rarely  attended  by  a  rotetion 
or  the  body,    fn  one  example  the  hairs 


Maixomokas  JPlassUi  (xix.  4-6) 
(formerly  described  as  M.  acaroides). — 
Mostly  oval;  the  smaller  end  anterior; 
rarely  elliptic  or  discoid ;  the  periphery 
apparentiy  crenulated — an  appearance 
probably  due  to  the  points  of  msertion 


Digitized  by  VjOOQ IC 


502 


8TSTEMATIC  HISIOBT  OF  THB  DTPUSOIUA, 


seemed  terminated  by  a  knob.  It  is  not 
improbable  that  Pantoirichum  JBnehelys 
(E.)  is  also  a  member  of  this  genus. 
1-1440"  to  1-060".  Bern.  In  ponds. 
—  A  variety  (Jf.  qnUs)  occurs,  hav- 
ing the  hairs  short  or  actually  absent, 
altnough  covered  with  little  nodules 
which  serve  as  bases  for  hairs.  Frese- 
nius  has  noticed  this  organism.  He 
adds,  the  ends  are  often  pointed.  The 
hairs  or  bristles  are  long,  and  tolerably 
numerous — as  many  as  30  have  been 
counted^  placed  at  all  parts  of  the  peri- 
phery. The  anterior  setiform  hairs  are 
most  concerned   in  locomotion;  those 


placed  latendly  either  lie  along  the  siiei 
pretty  closely,  or  stand  out  at  a  greater 
or  less  disti^ce,  and  appear  concenied 
chiefly  in  changing  the  position.  The 
two  most  in  advance  seem  to  have  the 
character  of  feelers.  A  dear  Tacuole 
was  sometimes  seen  in  the  middlB  of  the 
dusky-green  contents.  A  few  small, 
contractile,  optically  red  specks  have 
also  been  observed.  l-720"^to  1-444". 
Fresenius  considers  it  ought  to  be  re- 
moved from  the  Monadina;  and  Vettj 
is  himself  unable  to  decide  whether  this 
genus  is  referable  to  the  Ciliata  or  to  the 
Jrhytozoa. 


Genua  PLEUROMONAS  (Perty)  (XYUI.  26).— Body  renifann,  extremdy 
delicate,  small,,  colourless ;  filament  extended  from  the  omcaTo  side  of  ihe 
body,  and  three  times  its  length. 


PLEUBOiiONAS  Joculons  =^  CkHomonoa 
obUqua  (P)  (Duj.)  (xvm.  25).— Colour- 
less, transparent  with  a  few  small  mole- 
cules. Movements  eccentric,  hither 
and  thither  in  a  jerking  and  leaping 


manner,  followed  bj  intervala  of  lest 
Very  young  specmiens  aie  round. 
1-6000'^  to  1-3160".  Bern.  In  rtak 
water  and  infiisions  of  Lyoopodiom 
seeds. 


Genus  8PIR0M0NAS  (Perty)  (XVin.  24).— Body  leaf-like,  oompresaed, 
rounded  at  both  ends,  and  rolled  spirally  on  itself  longitudinally. 


SpmoMONAS  vohdnUa  =  CycUdium  dis- 
iortum  (Duj.). — Colourless,  transparent, 
smooth,  very  delicate.  Revolves  rapidly 
on  its  long  axis.  Not  nodular  on  the 
margin,    l&e   the   CycUdium  distortum 


of  Dujardin,  but  is  probably  (as  Dmar- 
din  believes  the  latter  to  be)  merefy  & 
phase  of  Momu  Lem.  l-ldOCT  to 
l-ldOO".    Bern.    In  foul  water. 


Genus  MENOIDIUM  (Perty)  (XIX.  2).— Body  small,  creeoentic,  thicker 
on  the  outer  or  convex  margin ;  containing  internally  small  molecules  and 
vesicles ;  oolourless,  or  occupied  wilii  a  little  chlorophyll. 

Mbnoidium  peUucidum  (xix.  2). — 
BecaUs  by  its  figure  a  little  Closienum 
lunula',  not  rounded,  but  flattened  like  a 


sickle.   Movement  tolerablvn^id,  jerk- 
ing and  revolving.     1-670''  to  1-439". 


Genus  CHROMATITJM  (Perty)  (XIX.  1).— Body  extremdy  small,  red, 
brown,  violet,  or  green  in  colour,  containing  in  the  mature  condition  some 
internal  vesicles.  A  motor  filament  at  the  anterior  extremity  (?).  Multipli- 
cation by  transverse  fission.  To  this  genus  Perty  would  refer  the  greater 
part  of  the  Monads  described  by  Ehrenberg  which  possess  a  brilliant  cokmr ; 
and  he  is  in  doubt  whether  they  are  not  all  rather  r^erable  to  the  genus 
Bacterium,  as  weU  as  the  next  genus  named,  t.  e,  Acarummi.  However,  be 
at  present  retains  Chromatium  and  Acariceum  among  the  Monadina,  and 
establishes  two  species  of  the  former. 


Chbomatiuh  Weism  (xix.  1). — Of 
a  violet  or  brownish  colour,  rounded 
and  truncate  both  before  and  behind; 
vesicles  within  sharply  defined.  The 
Monas  OkenU  of  Weisse  is  very  closely 
allied,  but  still  more  minute.  It  pro- 
gresses and  revolves  rather  rapidly,  taking 


a  straight  course.  The  vesicles  are  not 
present  in  very  young  specimens:  tke? 
first  show  themselves  as  dark  points,  tiw 
afterwards  assume  the  vesicular  fiHtn. 
Perty  cannot  discover  the  filament  de- 
scrilled  by  Ehrenberg  in  Manas  Okemi 
Eichwaldsays  of  this  species  that  it  swim^ 
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bAdcwaidA  or  forwaids  indifferently^ — 
a  diciiTostance  adverse  to  the  existence 
ofafilunentatalL  1-4800"  to  1-2400". 
OccuiB  among  Charace». 

C.  tioleteem. — Globular  or  elliptical^ 
Innsparenty  and  <^  a  y^  pale  violet 
colour.  It  i^N»eai8  closely  related  to,  al- 
Uiough  not  identical  witl^  Monaa  vmosa 
(£b).  A  filament  could  not  be  detected, 
nor  any  internal  organs.    At  Bern,  with 


Chaia.  l.HOOO"  to  1-8000".  These 
coloored  ora;anisms  form  a  colouring 
layer  on  the  mud  at  the  bottom  of 
pnands.  &c.  The  several  species  men- 
ti<mea  by  authors  referable  to  the  genus 
Ckromaiwm  are — Monas  rosea,  Morren ; 
Monas  OkenU,  Weisse  ^  Monas  vinoaa,  M, 
erubeaceMf  M,  odiracea,  and  probably 
3f,  prodigiosa  and  M,  gliscens  of  Ehren- 
berg's  category. 


Genus  ACABLZBUM. — ^Extremely  minute,  globular  or  elliptical ;  perfectl} 
transparent,  wiUiont  a  trace  of  eiUier  external  or  internal  organs. 


AcABLfiUM  Oremueubim  a  Manas  Ore" 
puteubun  (R). — ^They  swim  rapidly  nast 
each  other,  yet  have  nothing  in  tneir 


movements  in  common  with  those  of  the 
Monads,  but  much  rather  with  those  of 
the  Bacterium  Termo. 


Gemifi  RBABBOMONAS  (Freeenins). 


RHABDOMONAS  tisaimi.  — Stout, 
elongated  and  cylindrical,  slightly  fal- 
cate; anterior  extremity  rather  the 
thicker;  three  pominent  longitudinal 
lidgee ;  green  veeides  or  granules  occupy 
the  anterior  half  of  the  body ;  progresses 

Genus  GET1L£A  (Fresenius). 

Gbyuma  vaciOans. — Colourless,  hya- 
line, compreesed ;  when  seen  on  itsiiat  ode 
ita  outline  is  circular,  but  on  the  narrow 
aide,  pyriform,  the  posterior  compressed 
portion  gradually  thickening  towards  the 
tiiicker  front  paxt.    Advances  with  the 


in  a  straight  line,  with  a  rotary  or  semi- 
rotary  motion  on  its  long  axis ;  filament 
1^  the  length  of  the  body.  1-60  to 
1-50  miUim.  In  stagnant  water  with 
Oonfervffi,  &c. 


thick  end  foremost,  slowly  revolving  (m 
its  long  axis,  with  an  oscillating  motion. 
Filament  revealed  by  iodine.  In  stand- 
ing water  with  YaUisneria  in  the  Botanic 
Grardens.  It  is,  not  unlikely,  the  same 
being  as  Monas  urceolaris  (Perty). 


FAMH.Y  n.— HYDBOMOBINA. 

Characters, — ^Anenterous  Polygastrica  without  appendages ;  body  uniform, 
like  that  of  the  Monads,  but,  by  reason  of  the  spontaneous  fission  b^g  im« 
perfect,  developed  into  a  moniliform  mass  or  polypary ;  lorica  absent.  Indi- 
viduals are  at  periods  set  free,  which  commence  the  same  cycle  of  compound 
development  as  the  parent  beings  to  which  they  originally  belonged  (I3ir.). 

The  genera  belonging  to  this  feunily  are  Polytoma  and  Spondylomorum. 
Pofytama  was  describBd  by  Ehrenberg  in  the  family  Monadina ;  but  the  sub- 
sequent discovery  of  the  g^ius  Spondyhmorum,  having  the  same  general 
eharaeters,  and  differing  like  it  from  the  other  monads,  led  him  to  create  this 
new  fiunily  Hydromorina  to  embrace  the  two. 

Party  has  also  recognized  the  propriety  of  detaching  those  Monadina  which, 
by  the  act  of  self-fisfflon  continuing  incomplete,  live  together  in  compound 
masses,  and  to  designate  them  has  invented  the  term  *^  Monadina  Familiaria,*^ 
equivalent  in  £nghsh  to  ''gregarious  or  aggregated  Monadina."  Under  this 
group,  however,  he  has  placed  two  other  genera,  which  Ehrenberg  has  let 
remain,  somewhat  unaccountably,  among  those  Monadina  living  in  an  isolated 
or  free  state.  These  other  members  of  the  Hydromorina  or  Aggregated 
Monads  are,  UveUa  and  Anihophvsa,  Schneider  (A.  N,  H.  1864,  xiv.  326) 
observes  on  the  near  alliance  of  Polytoma  to  Chlorogonium  euchlorum.  It 
would  seem  that  Cohn  foils  to  find  any  truly  distinctive  characters  between 
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Polytoma  and  Chlamydomonas ;  for  he  propoees  (JBktmok,  p.  140)  to  apply  to 
P.  UveUa  the  name  of  Chi.  hyaUna. 

Genus  POLYTOMA  (XVm.  6 ;  XX.  1-14).— Mouth  terminal,  truncate, 
surmounted  by  a  double  flagelliform  filament  situated  as  in  Monas  and  UveUa ; 
eye  and  tail  wanting.  It  will  not  imbibe  colouring  matter.  A  large  eon- 
tractQe  vesicle  and  the  trace  of  a  nucleus  are  sometimes  observable.  8df- 
division  occurs  both  transversely  and  longitudinally,  and  produces  a  berry-like 
cluster  of  many  individuals.  As  the  young  increase  in  size,  the  parent  body 
assumes  a  decussated  or  wrinkled  appearance,  like  a  mulberry,  and  in  this 
manner  indicates  its  approaching  self-division  into  many  sections  (as  the  name 
Polytoma  denotes),  or  numerous  individuals.  In  swimming,  the  filaments  are 
extended  in  advance.  In  putting  forward  the  self-division  of  Polytoma  as  a 
peculiar  feature,  Cohn  says  that  Ehrenberg  has  mistaken  a  transitional  for  a 
permanent  condition.     It  was  known  to  Miiller  and  Wrisberg. 


Polytoma  Uvdla  (Monas  UvOy  M.). 
— Colourless,  of  an  oval  or  oblong  form ; 
extremities  equally  obtuse.  It  is  often 
abundant  in  water  where  animal  matters 
are  in  solution,  upon  which  it  appears  to 
be  nourished ;  ^erally  in  company  with 
species  of  Vibrto  and  SptriUum,  and  some- 
times with  UveUa  Uva  and  U,  Atomus, 

Ghroup  5  shows  two  isolated  indi- 
viduals ;  another  about  to  divide  longi- 
tudinally; a  duster  of  eight  united 
within  a  common  envelope;  another 
duster,  of  which  the  common  envdope 
has  disappeared  prior  to  the  separation 
of  the  moividual  Monads,  and  in  the 
two  isolated  beings  the  double  filament 
is  very  distinct.  1-200"  to  1-90"; 
diam.  of  dusters  1-380". 

Schneider  (Part  I.  p.  136)  has  dosely 
examined  this  species  (xx.  1-14).  The 
hyaline  investing  membrane,  he  sajs, 
can  be  distinctly  displayed  by  using 
chromic  add,  or  solution  of  iodine  in 
chloride  of  zinc.  A  globular  nndeus 
lies  near  the  centre,  with  a  narrow  red- 
dish halo  around  it:  dilute  adds  render 


this  more  distinct  (xx.  2).  At  the 
anterior  extremity  are  two  reddish  ved- 
des;  which  are  contractile ;  and  other 
non-contractile  reddish  ones  are  scattered 
in  the  interior.  The  creature  *'  rotates 
upon  its  axis ;  and  this,  again,  describes 
circular  vibrations  upon  a  centanl  point^ 
Self-dividon  takes  place  at  first  into  two 
Txx.  3),  then  into  four  (xx.  0),  and,  under 
lavoumble  conditions,  into  eight  seg- 
ments, each  of  which  acquires  its  fila- 
mentS;  and  moves  about  within  the  en- 
velope of  the  parent  with  the  rest  until 
set  nee  by  its  rupture.  Under  certain 
circumstances  the  individuals  pass  to  a 
state  of  rest  (xx.  7),  and  then  do  not 
undergo  fisdon  or  any  other  change,  but 
remain  in  a  torpid  condition.  In  assum- 
ing this  state  the  filaments  contract 
gradually,  and  at  length  seem  to  be 
withdrawn  completdy  within  the  con- 
tained substance  of  the  encysted  being. 
The  internal  granules  of  Polytoma  are, 
according  to  Schneider,  composed  of 
starch,  and  are  convertible  into  a  blue 
or  a  green  colouring  matter. 


Perty  has  distinguished  three  additional  spedes,  viz. — 


Polytoma  Uva. — Divides  into  as 
many  as  ten  segments.  The  mode  of 
fisdon  mudi  resembles  that  of  Chktmy' 
domonas,  but  differs  in  exhibiting  active 
movements  during  the  process,  instead  of 
the  state  of  rest  seen  in  the  latter.  The 
corpuscles  are  usuallv  oval,  and  hya- 
line; rardy  yellow  or  Drown;  filled  with 
luger  or  smaller  veddes,  and  in  old 
specimens  with  black  molecules.  Self- 
dividon  proceeds  rapidly.  Movements 
darting  and  revolving.  An  enveloping 
cyst  has  been  noticed  in  some  examples. 
Uncommon  in  fresh,  but  frequent  in 
water  holding  animal  decomposing  mat- 
ters in    solution.      Two   varieties    are 


distinguishable:  vis. — Var.  a  vm^Uis, 
having  only  one  filament^  resembling 
lyacKMds  fflobuUfer  (K),  and  very  pro- 
bably identical  with  monas  ptmchtm; 
Var.  h,  rostrata  sen  hysgitwidesy  of  a 
feeble  yellow  cdour,  with  a  prominent 
cyst-wall,  within  which  it  is  contracted 
and  deprived  of  its  filaments.  It  does 
not  break  up  on  drying,  but  can  continue 
several  weeKS  without  chan^  [This  is 
evidentiy  not  even  a  variety  m  the  proper 
sense,  but  simply  an  encrusted  PoMoma,'] 
P.  oceUata. — Oval;  filled  with  ved- 
cles,  like  P.  Uva,  except  that  it  has  a 
clear^red  stiffma  at  the  centre.  Motion 
languid.    Self-fisdon  produces  few  new 
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■nd  theee  lie  panllel  to  e*eh 
othoor.  Has  the  dimennoDS  of  P.  Uva, 
Found  in  decomposing  inftmionn. 
Schneider  deecribee  a  j>eculiar  mode 
of  fieaion  seen  at  timee  m  P.  UveUoy  in 
which  the  segmenta  lie  parallel  to  each 
other :  yeiy  probablj  this  supposed  spe- 
cies, P.  oematum,  is  nothing  more  than 
tiiat  phase  of  P.  UveOa,  The  reddish 
le  is  wOT^ilees  as  a  specific  character. 


P.  f  xm'mt  riwfmfah  oar  actually  green, 
sunonnded  bj  a  hyaline  cyst  8eeo  only 
in  nrooess  of  fission,  when  each  segment 
haa  its  own  filament  These  organisms 
were  for  some  seconds  at  rest.  vcA  soon 
afterwards  moved  here  and  tnere  with 
actiTity.  Very  probably  this  being  is 
only  a  sporule,  and  seems  neariy  akin  to 
ChlamyaomonoM. 


Genua  SPONBYLOMORUM.— Individiials  famished  with  a  dorsal  ooellns, 
are  destitnte  of  a  tail,  and,  in  oonseqnence  of  their  imperfect  self-division,  deve- 
lope  a  compound  body  (pdypary)  resembling  a  whorl  or  duster  of  berries. 


Spondylomobttm  gMoUrnarium, — A 
group^  of  four  alternating  corpuscles, 
of  wnich  the  terminal  one  is  the  most 


slender;  colour  green;  filaments  four  to 
five.  Length  of  polypary  1-676",  of  each 
individual  1-1728". 


FAMILY  m.— CEYPTOMONADINA, 

(XVra.  29-34 ;  XIX.  7-16  and  20-31 ;  XXVI.  6,  8,  9,  10.) 

The  Cryptomonadina  {vide  General  History,  p.  140)  are  Monadina  enve- 
loped within  a  distinct  gelatinous,  membranous,  or  hard  induvium,  forming  a 
shell-like  covering  or  lorica.  According  to  Ehrenberg,  the  lorica  sometimes 
resembles  an  open  shield  {ieuUUwfn)^  at  others  a  closed  box  or  pitcher  (uree- 
oha).  The  construction  of  the  lorica,  however,  as  a  scutellum,  open  on  one 
side,  is  denied  by  evay  recent  writer ;  and  in  all  cases  it  would  appear  to 
completely  enclose  the  contented.  Two  delicate,  filiform,  and  generally  re- 
tractile fikments,  capable  of  being  put  into  very  powerfiil  whirling  and  lash- 
ing motion,  are  clearly  perceptible  in  all  the  genera,  excepting,  perhaps,  the 
genus  LageneUa ;  and  even  in  this.  Dr.  Wemeck  believed  he  had  discerned 
them.  Six  or  seven  species  exhibit  internal  vesicles ;  and  in  two  genera  a 
coloured  spot  is  present  at  the  fore  part  of  the  body.  From  the  position  of 
this  speck  the  dorsal  line  may  be  readily  conceived,  and  a  right  and  Idft  side 
described.  Self-division,  when  it  occurs,  is  simple  and  complete.  **  It  is 
possible,''  says  Ehrenberg, "  that  the  fossU  animalcules  discovered  in  the  flint 
of  chalk  and  porphyritic  formations,  and  named  by  me  Pyxidicula  (see  Plate 
XVn.  ujyper  figures),  belong  to  the  genus  T^aehdamoncu." 

Lachmann  (op.  eit.  p.  219)  asserts  that  in  all  transparent  Monadina  and 
Cryptomonadina  a  contractile  vesicle  exists,  and  that  even  in  the  more  opake 
CkiUmanas  Parameeiwn  and  Cryptomonas  avata  he  was  able  to  observe  its 
contractions.    Mr.  Carter  confirms  this  statement. 

Tlie  genera'  were  thus  tabulated  by  Ehrenberg : — 


Eye-speck 
absent 


Eje-tpeck 
present. 


Lorica  obtuse  and  smooth.. 


W  and  tortuous ;  1  Opyd^^,^.^ 
-division  transverBe  j     ^   "^^—w^-o. 


Form  abort ;  eelf-dirision  "I  CrmtonuiMa. 

longitudinal  or  wanting  J  ^^JP*"**"""*- 
Form  lon^  and 

eeif-diyision  i 

Lorica  pointed  anteriorly Frorocentmm. 

Lorioa  with  a  neck  and  narrow  orifice Logeoella. 

Lorica  with  orifice,  but  no  f     ^^T*^^)!*^**    jOiyptoglena. 

neck.  1      Lorica  a  dowd  box        1  Xrachelomonas. 

^  i^  (urceoitta),  j 
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The  mambeBi  of  thiB  fiuoily  are  readily  recogniced  by  the  stiCoeae  er  in- 
flexibility ihey  display  while  awimming  or  when  brought  into  contact  with 
other  bodies.  The  lorica  of  Prarocmtrum  and  LageneUa  ia  at  once  perceived 
to  be  a  distinct  coYering.  When  any  donbt,  however,  exists  npon  this  point, 
a  slight  degree  of  pressore  npon  the  specimens  placed  in  an  aquatic  live-box, 
or  between  two  sUps  of  polished  glass,  will  easily  determine  it.  The  lorica 
of  Trachclomofuu  Ehrenbeig  affirmed  to  be  silicious,  and  indestmctible  by 
fire.  Dujardin  has  a  parallel  family  he  names  Thecamonadina,  consisting  <^ 
eight  genera.  These,  however,  are  not  the  same  as  Uie  genera  of  Gryptomo* 
nadina  of  Ehrenberg,  of  which  only  two  are  retained,  viz.  Traehelonumas 
and  Oryptomonoi.  Jn  the  last-named  genus  axe  included  OryptogUna  and 
LagmMa^  -wbii^  Dujardin  considers  have  no  claim  to  generic  distinction. 
Prddrfdon  may,  he  thinks,  be  the  same  as  his  genus  Oxyrrhis ;  and  under  the 
head  of  Tra^hmonas  he  unites  ChastotyphUt  and  Chtetoglena,  numbered 
among  the  PeridinisBa  in  the  classification  of  Ehr^berg.  A  new  genus, 
PJiacus,  is  constructed  by  the  same  author,  to  receive  those  gre&a.  organisms 
having  a  rigid  inflexible  tunic,  which  Ehrenberg  placed  with  the  flexible  and 
protean  Euglena.  Another  group,  styled  Disehnis,  includes  many  of  the 
Chlamidomonads  of  Ehrenberg.  Besides  these,  three  other  new  genera,  viz. 
Cfrumenula,  Pkeotia,  and  Ardsanema,  enter  into  this  family  Thectftmonadina, 
and  are  described  as  addenda  to  the  Cryptomonadina  of  Ehrenberg.  The 
aco<mipanying  tabular  view  represents  at  a  glance  the  distribution  adopted  by 
Dujardin:— 

Thecakonabina. 

BodyoToidordobular (Integummt  hard  and  brittla...     hTn^moim. 

xxiujr  uvuiu  ur  (^uuuior  \  Integument  iii0mbi»iiou8 2.  Cryptomonas. 

Bod^   flattened    or    leaf-like,  f  With  a  caudal  prolongation...    3.  Phacua. 
with  a  single  filament \  Without  Buoh 4.  Crumenula. 

The  two  filaments  equal   5.  Diselmia. 

(  Body  prismatio  or  nayicular ...    6.  Pksotia.  - 
One  flagelliform,  one  trailing    \  Body  ovoid,  in  form  of  a  grape- 1  f,    «   . 

[     seed,  with  twofilamento  ..^.  ]  ^*  -^n»>nema. 

With  several  filamente {  ^J<SS^^."!*^!!^!^.^*^  }  8.  ^^ 

Perty  borrows  from  both  Ehrenbei^  and  Dujardin,  by  instituting  two 
families,  Cryptomonadina  and  Thecamonadina,  and  distributes  the  several 
species  in  another  fashicm,  under  new  genmc  names.  The  distinctive  dia- 
racters  of  the  two  families  are  thus  set  forth : — 

Cryptomonadina, — ^The  surface  of  the  body  more  or  less  hardened,  but  in- 
separable from  the  contained  substance  as  a  distinct  testa. 

Thecamonadina. — Possess  a  distinct  red  stigma,  and,  though  naked  at  first, 
acquire  an  apparently  separable,  brittle,  silicious  shell  or  testa,  having  an 
opening  at  its  fore  pc^  for  the  protrusion  of  the  filaments.  In  the  act  of 
fission  the  beings  (which  may  or  may  not  entirely  occupy  the  shell)  divide 
into  two  or  four  new  individuals. 

TheCryptomonadina  comprise  the  genera  Cryptomonas,  Phacotus,  Anisonmay 
PhacM,  and  Lepodncli^ ;  and  the  Thecamonachna  include  CIuBtotyphla,  Try- 
pemonas,  and  CJionemonas. 

Cohn  (Siebold's  Zeitschr.  1853,  Band  iv.  pp.  275-277)  sanctions  this  sub- 
division of  the  Cryptomonadina  into  two  families ;  for  he  remarks  that  Crypto- 
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nunutt  and  Ortfptoglma,  and  other  fonns,  have  a  hard  iiiteg;a]iiatt  or  loxioa 
(PaaBMr)  inseparable  from  the  subjacent  mass^  whilst  Trachelam(ma$,  LagmdUiy 
and  Chastoglma  possess  a  distinct  separable  capsule  or  eyst^  within  which,  at  a 
certain  period^  the  contained  Euglena-Vike  being  can  contort  itself  and  reyolve 
at  pleasure.  Moreover,  Cohn's  opinion  is  that  t^ese  capsuled  forms  shopld 
be  detached  from  the  Monadina  or  Cryptomonadina;  and  placed  with  the 
EugleuBB.  In  this  opinion  we  entirely  coincide,  and  would  regard  the  capr 
suled  monadiform  beings  as  simply  encysted  Euglence,  Indeed,  the  present 
state  of  knowledge,  especially  respecting  the  process  of  encysting,  irreeisdbly 
leads  to  the  conclusion  that  this  entire  family  Gryptomona^na  of  Ehrenberg 
must  be  broken  up,  and  its  several  forms  distributed  among  various  groups  of 
animalculee  and  plants,  as  representing  their  encysted  phase  or  condition^ 

Fresenius  adds  a  new  genus  to  tiie  dyptomonadina,  which  he  calls  Dre^ 
pamonumoi. 

Genus  CRTPTOMONAS  (XYin.  29).— Coloured  stigma  absent;  lorioa 
obtuse,  or  not  attenuated  anteriorly ;  body  short,  but  not  filiform ;  self-divi- 
sion, if  any^  longitudinal;  flagelliform  filament  very  fine. 

Ihijardin  writes,  '<In  this  genus  OrypUmumas  I  comprise  all  Thecamo- 
nadina  with  a  single  filament,  and  witii  a  lorica  neither  hard  nor  brittle^  and 
whose  body  is  not  depressed  (compressed)  like  that  of  Phaeus  or  of  Crvmenuia ; 
and  I  moreover  do  not  doubt  thett  when  these  Infusoria  are  better  known, 
other  genera  may  be  distingiiished  by  their  more  or  lees  globular  f(»rm,  by 
the  consistence  of  their  envelope,  and  especially  by  their  mode  of  existence. 
I  already  indicate  as  subgenera,  LageneUa  with  an  elongated  lorica^  and 
Tetrabcena,  the  species  of  which  are  united  in  groups  of  four,  not  enclosed, 
however,  within  a  common  envelope.  As  to  the  character  supplied  by  the 
presence  of  a  red  speck  in  some  individuals,  assumed  by  Ehrenberg  to  be  an 
eye,  I  cannot  discover  in  it  a  generic  distinction ;  nor  am  I  able  to  admit  the 
existenoe  of  a  lorica  open  on  one  side  (below)  like  a  shield  (carapace).  On 
the  contrary,  I  have  alwa3rs  observed  the  lorica  to  be  closed  and  entire, 
though  sometimes  compressed  on  one  side,  adapting  itself  to  the  living  mass 
enclosed.  The  covering  in  every  case  is  evidently  larger  than  the  contained 
mass,  a  diaphanous  space  intervening  between  IJie  two  visible  in  the  form 
of  a  dear  ring.''  Of  the  species  enumerated  by  Ehrenbei^,  Dujardin  re- 
marks tiiat  **  (7.  eurvcUa  is  so  compressed  that  it  is  properly  referable  to  our 
genus  Crumewula,**     C.  glauea  and  (7.  fusca  he  regards  as  doubtful  species. 

Perty  briefly  charaoterixes  his  genus  OrypUmumas  thus : — *'  Body  an  elon- 
gated uroeolus,  from  the  anterior  and  mostiy-rounded  extremity  of  which  two 
filam^ts  are  protruded,  somewhat  exceeding  the  length  of  the  body ;  within 
are  usually  one  or  more  dark  nudei,  frt)m  which  the  vesicular  germs  seem  to 
be  devebped." 


Cbyptomonas  eurvata, — Green,  com- 
pressed, slightly  bent  like  the  letter  S, 
and  twice  as  long  as  broad.  Amongst 
Confenrae.     1-67(P\ 

C.  ovata  (^J&tchelf/9  viridUj  M.)  (xvm. 
29).— Green,  depr^aed  oval,  and  twice 
as  long  as  oroad;  motion  slow^  vacQ- 
ladn^,  and  rotating  on  the  longitudinal 
axia/but  when  obstructed  (says  Ehren- 
beiff)  is  seen  to  leap ;  lorica  paper-like, 
not  hard;  numerous  internal  transparent 


vacuoles  and  green  granides.  In  the 
middle  of  the  creature  there  are  two  or 
three  egg-shaped  nuclear  bodies,  and  at 
the  posterior  part  a  single  vesicle;  self- 
division  not  observed.  Found  amongst 
Confervae.    1-570". 

C.  eroaa. — Green,  hyaline  anteriorly, 
depressed,  ovaL  In  dean  water  among 
ConfervfiB.     1-960". 

C.  cyUndrica  {Enchely»  viridis,^,), — 
Elongated,  subcylindrical,  three  times  a? 
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long  M  broad.      Amongst  Confervfld. 
Almost  1-1000". 

C.  (P)  gUmea, — Oval,  twice  aa  long 
as  broad;  anterioily  truncated  with  a 
doable  flagellifbrm  proboscis;  body  tur- 
flid,  and  of  a  muish-green  colour, 
f^ound  with  Chlamydomanoi  Htkiaeukie. 
1-864". 


C.  (?)  >Ww».'-4>Tal,  torgid,  and  of  a 
brown  ooloar.  Amongst  Gonfemd. 
1-1500". 

C.  lenUadaru. — Orbicular,  resembling 
a  lens;  colour  green;  lorica  thick 
1-1729". 


The  following  are  described  and  named  by  Bnjaidin : — 


C.  Olobuhts. — GlobulaiN  green,  often 
with  folds  (stripes),  the  maphanous  en- 
velope nearly  fiUed.  1-2600^  to  1-22J50". 
This  species,  in  Forty's  opinion,  is  a 
sporule  of  a  plant,  or  a  'sporozoid.' 

C.  maquaka,  —  Ovoid,  ffteen,  of  less 
thickness  than  breadth,  with  a  longitu- 
dinal dejjression,  and  one  or  two  unequal 
notches  m  the  coloured  portion,  which 
is  always  smaller  than  the  envelope. 
1-2600'C  In  stagnant  sea-water,  impart- 
ing to  it  a  green  colour. 

CI.  (Laoenblla)  if^iata, — Ovoid,  en- 
laiged  posteriorly,  contracted  anteriorlv ; 
envdope  transparent,  thicker  about  the 
anterior  neck-Bke  portion,  filled  with  a 
green  substance,  having  a  central  red 
speck;  motion  sigzag.  1-1180".  In  a 
vessel  of  marah-water  with  Lemna, 

C.  (Laoenblla)  eucMora  rxvm.  81). — 
Ehrenberg  has  described  unoier  this  name 
an  Infusorium  of  the  same  size,  difibring 
firom  the  last  by  its  more  elongated  form, 
and  especially  by  the  green  contents  more 
completely  occupying  the  anterior  neck- 
like portion^  whereas  in  ours  but  a  nar- 
row streak  is  visible. 

G.  (Tetbabjbna)  soctolu. — ^Regularly 
ovoid,  green,  with  a  central  red  pointy 
en?elo]^  by  a  thick  diiyhanoua  lorica ; 


commencing  self-  division  frequently 
seen;  occurs  in  regular  groups  of  four 
individuals,  simply  agglutinated,  and 
having  their  filaments  directed  all  to 
the  same  side.  1-1700"  to  1-1800". 
In  a  water-butt  in  the  Song's  garden, 
Paris.  ''I  should  have  taken,^'  says 
Dujardin,  "  the  specimens  of  TetralMBn» 
soctaUs  at  first  for  Oonia,  if  a  trace  of  a 
common  enclosing  envelope  had  been 
found ;  yet  I  cannot  doubt  tnat  they  have 
the  closest  analogywith  the  tnie  Ocma, 
and  with  what  Ehrenberg  has  called 
Syncrypta  in  his  &mily  Vom»cina.  One 
may  suppose  that  the  commendp^  self- 
fission  observed  in  some  individuals 
would  give  rise  to  such  groups  upon  the 
destruction  of  the  lorica  (integument)  in 
these  different  genera.  This  mode  of 
pronagation  occurs  undoubtedly  in  most 
of  uiose  haviug  a  soft  gelatinoiis  integu- 
ment ;  but  in  animals  l&e  7Vae%e£cMno»un» 
whose  lorica  is  hard  and  brittle,  we  can- 
not understand  how  multiplication  does 
take  place.'' 

In  the  addenda  to  his  treatise,  Dujar- 
din  has  this  remark :  '^  I  am  convinced 
that  my  Cryptomofuu  (Tetrabtena)  be- 
longs rightly  to  Oonium.** 


The  generic  charaoteis  of  OrypUnHona$,  as  mideratood  by  Perty,  have  been 
detailed ;  the  following  are  the  species  he  describes : — 


C.  pciymorpha. — ^Is  so  very  variable  in 
form  that  no  single  description  can  be 
applied  to  it  It  ranges  between  1-840" 
to  1-300"  in  length,  and  may  be  green 
or  colouriess,  brown  or  golden  yellow, 
and  contain  at  one  time  red  specks,  at 
another  not.  The  smallest  are  usually 
yeUow  or  of  a  verdigris-green:  many 
small  ones  are  hyaline;  the  largest  sea- 
green  and  brown,  lliese  changes  of 
colour  are  doubtless  due  to  the  choro- 
phyll  developed  within  these  minute 
organisms,  and  to  the  modifications  this 
matter  undergoes  in  different  stages  and 
conditions  of  life — a  subject  well  exa- 


mined and  illustrated  in  Brami'a  work 
on  Rejuvenescence  in  Nature.  In  figioe, 
individual  specimens  are  oval  or  lobu- 
lar, compressed,  and  emaiginate.  Small 
ones  move  rapioly,  frequently  in  circles ; 
larger  examples  more  slowly,  and  at 
times  backwards.  The  species  is  com- 
mon among  Gonfervse  the  whole  year, 
and  under  the  ice  in  winter.  Perty 
assumes  it  to  represent  the  following 
species  of  Cryptomonas  named  by  Ehren- 
berg, viz.  C,  curvatOj  (7.  ocatOj  C,  erosa^ 
C.  cyUndricOy  C,  glaucoj  and  C.  fmca^ 
and  also  ChUomanas  JParameckntu 
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C.  cMmi.— Qnite  flattened,  ellipiica], 
not  rounded  anteriorly ;  of  a  dear  ffreen 
colour^  with  a  hyaline  central  band; 
and,  in  most  iuBtanceB,  a  red  stigma. 
MoTement  rather  quick;  the  filament 
not  seen.    1-1900"  to  1-1400".     It  is 


allied  to  OnmiogUtMpigra^  C  eMrutmeem^ 
and,  in  a  less  degree,  to  C.  cornea  of 
Ehrenberg. 

C.  urewlark  (Smarda). — ^Belongs,  bj 
reason  of  its  finn  testa,  to  the  "nieca- 
monadina. 

Genns  OFHIDOMONAS.— Bodj  filiform ;  eye-^)eok  absent ;  lorica  smooth, 
obtuse,  and  tubular  with  a  single  filament;  self-division  transverse  and  com- 
plete ;  internal  vacuoles  numerous.  Its  extremdy  small  transverse  diameter 
is  tiie  great  impediment  to  a  better  acquaintance  with  this  being.  (It  has  not 
been  figured.) 

Ofhidomohas  Jenentia. — ^Veiy  thin,  O.  aangttmea, — ^Veir  slendei^  the  in- 
curved spirally,  and  equally  obtuse  at  terspaces  between  tne  vacuoles  filled 
both  extremities;  colour  olive-brown;  with  a  red  colour.  1-576".  In  brackish 
motion  brisk.    In  well- water.    1-570".  water. 

Genus  PROBOOENTEUM  (AVIU.  30).— Lorica  resembling  a  little  box 
(icre«oZt«9),  smooth,  pointed  at  the  anterior  eztremily ;  eye-speck  absent ;  pro- 
boscis filiform ;  vacuoles  numerous.  Self-division  has  not  been  observed.  ''It 
is  worthy  of  remark,"  says  Ehrenberg, ''  that  the  only  species  of  this  genus 
with  which  we  are  acquainted  [t.  e.  in  1838]  belong  to  Uie  luminous  crea- 
tures of  the  sea,  which,  perhaps  from  some  peculiar  organic  relation  or  con- 
dition, yet  unknown  to  us,  are  instrumental  in  producing  that  curious  and 
certainly  vital  phenomenon  usually  termed  phosphorescence."  It  may  be 
fhrtiier  noticed,  that  all  the  luminous  Infusoria  of  the  sea,  hitherto  diBcovered, 
are  characterized  as  being  of  the  same  yellowish  waxy  colour  as  the  best- 
known  species  of  this  genus — P.  micans ;  and  it  ib  probable  that  tins  condition 
is  immectiately  connected  with  the  interesting  phenomenon  m  question. 


cates    the   position    of   the   supposed 
mouth,    l-m". 

P.  viridis, — Ovate,  suborbicular,  tur- 
gid; posterior  end  rounded;  anterior 
shortly  pointed ;  colour  green.  1-1100". 
In  the  Rdtic. 


Pbobocbntbum  rmeang,  —  Oval  and 
compressed,  attenuated  posteriorly,  but 
dilated  and  pointed  anteriorly ;  colour  of 
yellow  wax.  In  sea-water,  (xvin.  80). 
Two  figures,  magnified  800  diameters; 
the  fiist  is  a  side  view,  the  latter  a  back 
view ;  the  filament  in  tiie  former  indi- 

Genns  LAGENELLA  (AVIU.  31).— Distinguished  firom  other  loricated 
monads  by  the  lorica  being  extended  anteriorly,  or  flask-shaped.  The  lorica 
18  perfectiy  distinct,  and  crystalline.  Within  are  tiie  bright-red  speck  and 
green  granules.  (Yide  On^tomanas  Lagenella,  p.  508,  and  Chonemonas, 
Perty,  p.  613.) 

Lagenbixa  ewMora  (xvm.  31).  —  I  ciystalline ;  colour  green.  Amongst 
Oval,  neck  short  and  truncated ;  lorica  |  Confervfe.    1-1200". 

Genus  CRTPTOGLENA  (XVIII.  32).— Lorica  open,  in  the  form  of  a  shield 
($cuteUum),  folded  or  rolled  inwardly  at  the  sides,  and  without  a  projecting 
neck.  Eye-speck  distinct ;  granules  green  in  all  the  species.  Li  C,  eoniea 
two  oval  greyish  masses  are  seen  in  the  centre,  and  also  two  filamente.  Self- 
division  not  observed.  These  characters,  given  by  Ehrenberg,  are  valueless  to 
^igfciTigTiifA  CryptogUna  from  other  Cryptomonadina,  or  from  Chlamydococcu*. 
The  seutellar  form  of  the  lorica  is  an  error ;  for  it  forms  a  complete  investment, 
interrapted  only  at  the  point  where  it  gives  exit  to  the  filamente.  The  red 
eye-speck  is  no  distinction,  as  so  often  remarked ;  and  the  absence  of  a  neck- 
IflLe  extension  of  the  lorica  is  seen  in  Cryptomonca,  Chlamydococcta,  and  other 
genera.  Carter  describes  one  species  with  four  filamente.  We  unite  with 
Dujardin  in  rejecting  this  as  an  independent  genus. 
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Cbtptoolbna  eonica  (xvm.  82).  — 
Comcali  anteriorly  dilated  and  trun- 
cated ;  filaments  two,  half  the  length  of 
the  body ;  posterior  end  acutely  attenu- 
ated. Colour  bluish-green.  Abundant 
in  river  water,  in  company  with  Crypto- 
manas  fflauca,  fi^om  which  they  are 
readUy  distinguished  by  their  form, 
larger  size,  and  red  eye.  They  move 
briskly  in  the  direction  of  the  longitudi- 
nal aids  of  their  bodies,  but  when  ob- 


structed spring  or  leap  out  of  their  direct 
course.     1-1100". 

C.  piffra, — Oval,  approadmig  to  glo- 
bular, and  emarginate  aoteriorly ;  colour 
a  beautiful  green ;  movement  slow.  In 
water  when  covered  with  ice.     1-8000". 

C.  carulesoeM. — ^Depressed,  elliptical 
and  emarginate  anteriorly;  colour  bluish 
green;  motion  quick.  Amongst  Con- 
ferva.    1-6000". 


Mr.  Carter  has  added  and  figured  some  new  species,  viz. — 


C.  lenUcularis  (A,  N.  H.  1858,  p.  253). 
— Spherical,  compressed  ;  lorica  distinct 
and  stout;  endochrome  separated  hovcL 
it  by  a  distinct  clear  zone;  contrac- 
tile vesicle  seated  at  the  point  of  in- 
sertion of  the  two  filaments,  where 
there  also  seems  to  be  an  interruption 
in  the  continuity  of  the  lorica  (emar- 
ginate) ;  eye-speck  on  one  side^  nucleus 
visible,  llie  horizontal  view  is  ovate, 
and  acuminate  at  both  ends.  Fission 
takes  place  in  the  power  of  two,  just 
as  in  ChlamydococcuBy  from  which  in- 
deed no  satisfiEU^iy^  distinctive  fea- 
tures are  perceptible  in  the  engravings 
furnished. 

C.  cortUformis, — ^Distinguidbed  by  its 
cordiform  lorica.  The  contents  are  orbi- 
cular, and  do  not  nearly  fill  the  lorica; 
filaments  four ;  a  resting-stage  perceived, 
wherein  the  contents  are  covered  by  a 


into 


thick  envelope,   and  are  divided 
nmnerous  cells  (microgonidia.) 

C.  €mffulosa  {A,  N,  H,  1869,  iiL  18).— 
Lorica  compressed,  oblong,  angular, 
shield-shapeo,  transparent,  round  poste- 
riorly, square  anteriorly,  where  it  pre- 
sents a  short  neck  in  the  median  line  for 
the  passage  of  the  cilia;  border  thin, 
curl^  up  posteriorly  and  anteriorly  on 
opposite  sides.  Internal  or  ^reen  cell  at 
some  distance  firom  the  lonca,  angular, 
lined  with  chlorophyll,  provided  with 
two  cilia,  which  issue  through  the  neck 
of  the  lorica;  two  contractile  vesicles  at 
their  base;  an  eye-spot  median  and 
peripheral,  and  one  to  four  starch-cells 
of  a  circular  form.  Swimming  with  its 
cilia  forwards  in  an  extremely  irregular 
line.  Length  of  lorica  1-1080",  and 
breadth  l-fdOO".  Freshwater  tanks  in 
the  island  of  Bombay. 


GenuB  TKACHELOMONAS  (XVni.  33, 34 ;  XIX.  9-11).— Have  a  ain^ 
long  filament,  an  eye-speck,  and  a  dosed  elongated  or  spherical  lorica,  wiUi- 
out  a  projecting  neck.  Very  minute  transparent  vesicles  have  been  discerned 
in  T,  idgrkam  and  T.  volvocina.  It  is  probaMe  that  some  of  the  highly  inter- 
esting animalcules  which  enter  so  abundantly  into  the  silicified  substances  in 
certain  chalk  formations  belong  to  this  genus.  The  genus  Try^pemonat 
(Forty)  is  equivalent  to  this,  the  characters  of  which  are  hereafter  given  at 
large  in  Per^s  words  (p.  613). 


Tbachblomonas  mgrieans,  —  Oval, 
iq>proaching  to  globular;  colour  rarelv 
green,  mosSy  of  a  reddish  or  blackish 
brown.    Eye-speck  brown.    1-1700". 

T.  «)foocwia(xviii.33,34;  xix.9,10). 
— Spherical,  with  a  delicate  filament; 
colour  mostly  green,  sometimes  of  a 
brownidi  hue,  with  a  distinctive  red 
ring  around  the  body :  between  the  ia- 
temal  vesicles  is  a  very  fine  granulated 
substance,  to  which  the  colour  of  the 
body  is  due.  The  red  circle,  so  re- 
marKable  a  feature  in  this  species, 
always  appears  in  the  same  honzontaf 
position,  how  (]^uickly  soever  the  creature 
may  be  revolving  on  its  long  axis.  The 
uppermost  figure  represents  the  flabellum 


extended ;  in  the  next  it  is  retracted ;  the 
lowest  of  the  three  is  a  very  young  spe- 
cimen; and  34  a  fuU-srown  one  tnat 
has  been  fordbfy  pressed  and  the  lorica 
broken.    Amongst  Confervte.     1-800". 

T.  cyUndrica  Jux.  11).— Oblong,  ap- 
proaching to  cylindrical:  filament  aunost 
as  long  as  the  body.  Colour  a  beaiztifal 
green;  eye-speck  red;  ring  pmrplQ. 
1-1000".  Perty  points  out  the  fiMt  UMrt 
T,  mgriami  is  nothing  more  iktm  an 
old  specimen  of  this  species,  l»own  and 
opake  by  age. 

T.  areoMa, — Globose,  suifiice  areo- 
lated. 

T.  amera, — Similar  to  precediM,  but 
its  surface  covered  with  rough  pomts. 
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T.  ffratmhta, — Similari  but  its  surface 
Terr  minutely  mnulated. 

't.  i^erM.— -Qlobose,  with  its  suifsce 
smooth.     The  aa^gned  differences  be- 


tween the  surface  ef  this  and  the  two  pre- 
ceding are  too  tririal  to  be  characteristic. 
T,  wrum.  —  Oblong  or  pear-shaped 
(pyritorm),  smooth. 


Dnjaordin,  in  his  family  Thecamonadina,  inchidea  some  genera  of  animalcnlee 
not  described  by  Ehrenberg,  or  described  by  him  und^  different  names  and 
aceording  to  a  Afferent  arrangement.  They  are  appended  here  as  best  agree- 
ing with  the  Cryptomonadina. 

Genus  PHACUS  (D.). — Body  flattened,  leaf-like,  and  moetiy  green.  It 
displays  a  red  speck  in  front,  together  with  a  flagelliform  filament ;  and  the 
resistant  membranous  integument  is  prolonged  posteriorly  in  the  form  of  a  tail. 

*'  Three  out  of  the  four  species  are  referred  by  Elu*enberg  to  his  genus 
Euglena,  on  account  of  similarity  in  colour.  The  difference  between  the  two 
genera  is,  however,  considerable ;  for  in  Euglena  the  integument  is  contractile, 
and  permits  of  a  frequent  diange  of  form,  whilst  in  Phaeus,  on  the  contrary, 
the  integument  ai^>eai8  quite  wanting  in  contractility,  and  the  animal  inva- 
riable in  form. 

'^  The  enclosing  integument  of  Phacus  persists  after  the  death  of  the  animal 
and  the  destruction  of  the  contained  green  mass,  and  also  after  the  action  of 
various  chemical  agents,  becoming,  in  the  latter  cases,  quite  transparent. 
The  motor  filament  disappears  inth  the  living  contents;  globules  of  the 
latter  remain  after  death." 

Mr.  Carter  (A.  N,  E.  1856,  xvni.  p.  241)  describes  a  single,  glairy,  discoid, 
capsuled  body  in  the  centre  of  Phatnis,  as  well  as  in  the  large  lip  of  Grume' 
nuia  Uxta, 

1 .  PhaeuspleuroneeteB  =:  Euglena  jpleuronectes ;  2.  P.  hngieauda  =  E,  hngi- 
eauda ;  and  9.  P.  triquetra  =  K  triquetra,    (See  Ettoleka.) 

The  new  species,  of  which  the  characters  are  given,  is 


Phacfs  tripleriB,  —  Oblong,  with 
three  kngitndinal  plaits  meetmg  along 
the  axisy  rather  twisted  on  the  midrib, 


with  a  red  speck  in  firont  and  a  dia- 
phanous caudiform  prolongation  behind. 
1-420"  to  1-312". 


Genus  CRUMENULA  (D.)  (XXVI.  6).— Oval,  compressed,  covered  by  a 
resistant  integument  (testa)  apparently  reticulated,  sending  out  a  long  flagedli- 
torn  filament  obliquely  from  a  notch  in  the  anterior  border.  Motion  slow. 
There  is  no  tail-like  |Hrolang«tion,  as  in  Phams,  A  contractile  vesicle  presoit. 

pointed  sigmoid  fibres  arranged  parallel 
to  each  other,  so  as  to  form  a  conical 
cell,  which  remains  behind  when  the 


CBXrvKNULA  iextfi,  —  Envelope  re- 
ticular, filled  with  a  green  matter,  t(^e- 
dier  with  vacuoles  or  hyaline  globules, 
and  having  a  large  red  globule  anteriorly. 
l-52(y'.    Testa  perastent  after  death. 

In  this  species  Mr.  Carter  (pp.  ck. 
p.  119)   describes    an  inner   layer    of 


softer  contents  have  dispersed. 

The  anterior  notch  is  produced  by  a 
sort  of  ovechanging  lip.  The  filament 
is  three  times  longer  than  the  body. 


€}encis  BISELMDES  (D.). — Ovoid  or  globular,  covered  by  an  integument,  not 
eootzaotile,  of  almost  gdatinous  condstenoe;  two  equal  locomotive  fikunents 
|Hioeeed  from  the  anterior  extremity. 

^  This  genus  nearly  oorresiKmds  to  the  CA2ani^<2(miona«  of  Ehienbe^ 
by  him  in  the  frunily  Yolvodna  by  reascm  of  its  apparent  self-division  into 
two  or  four  segments  within  the  testa.    Dujardin,  on  the  other  hand,  admits 
none  as  Yolvodna  which  do  not  exhibit  an  aggregation  of  perfect  individuals 
within  a  common  envelope." 

The  removal,  by  Dujardin,  of  the  Ghlamydomonads  described  under  this 
name  of  Biselmis,  from  Volvodna  to  Chryptomonadina,  is  generally  held  to 
be  an  error,  dependent  on  an  imperfect  conception  of  their  characters  and 
true  affinities.   (See  genus  Chlaxtdovovas.) 
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The  mtQg:iiin6iit  of  Diielmis  is  non^resiBtant,  du^hanouB,  breaks  up  after 
death  by  diffluenoe,  and  is  sometimes  filled  with  a  green  sabstanoe.  like 
plants,  tiiese  beings  are  sensitiye  to  light,  fix  themselves  to  the  lightest  part  of 
the  eontaining  vessel,  and  disengage  oxygen  when  exposed  to  the  sun's  rays. 
In  the  green  sabstanoe  are  seen  granular  masses,  a  disk  with  an  expanded 
border,  and  a  red  speck.  The  motor  filaments  proceed  from  the  same  opening 
of  the  integument,  and  often  form  a  diaphanous  lobe  projecting  from  the 
opening.  The  red  colour  oftentimes  seen  in  the  water  of  the  Mediterranean 
appears  due  to  Infusoria  of  this  genus. 


DrSKT.MTS  viridis  a  Chlamydamaiuu 
pHhiaeuhu  (Ebr,)  (xix.  16). 

D.  marina, — Nearly  globular,  obtose 
and  romided  in  ftont,  granular  within. 
1-1060". 

This  spedee  is  larger  than  i>.  viruHSf 
more  globular,  and  apparently  deficient 
of  the  red  spedL  In  stagnant  sea-water 
of  a  green  colour. 

D.  anffusta, — ^Pyriform^  oblong,  ap- 
pearing to  be  plaited  and  tubercular 


inside,  sometimes  with  an  indistinct  red 
speck.    1-2600"  to  1-1860". 

D.  JhmaUL  —  Oval  or  oblong,  often 
constricted  about  the  middle;  cSouileee 
when  very  voung,  then  green,  afterwards 
red;  with  2  flagelliform  filsn^ts  longer 
than  the  body,  seated  on  a  projecting  and 
retractile  anterior  lobe.  Interior  occupied 
l^  coloured  globules.  Discovered  by 
M.  Joly  to  be  the  chief  cause  of  the  red 
colour  of  the  water  of  the  Mediterranean. 


Genus  ANISONEMA  (D.)  (XIX.  8 ;  XXVI.  8).— Colourless,  oblong,  more 
or  less  compressed,  having  a  resistant  envelope  giving  exit  by  an  opening  to 
two  filaments,  one  directed  forwards  and  flagelliform,  the  other  trailing  back- 
wards and  retractile ;  movement  slow. 

**  In  other  genera,  as  in  ffeteromita,  two  similar  filaments  exist ;  but  the 
present  genus  is  known  by  its  non-contractile  resistant  integument,  which  is 
often  met  with  empty  and  transparent.  It  may  bo  that  Uie  Bodo  groindit 
(Ehr.)  is  allied  to  this  genus  as  well  as  to  ffeteromita.** 


Anisomema  Acimts  (xix.  8). — Oblong, 
depressed,  rounded  posteriorly,  and  nar- 
rower in  front,  like  the  seed  of  an  apple, 
with  an  opening  dose  to  the  apex; 
colourless  and  transparent,  except  a  few 
vesides,  mostly  {;reen,  but  occasionally 
red;  movement  m  a  straight  line  for- 
wards. 1-1300"  to  1-860".  In  pond- 
water.  This  si>edes  =  Bodo  aranSHs  (?) 
([Ehr.).  ^  Perty  gives  a  figure  of  an  ontixi- 
ism  he  identifies  with  this  spedes,  hav- 
ing four  filaments  anteriorly  and  none 


trailing :  he  supposes  it  in  the  act  of 
fission ;  but  his  figure  does  not  show  it 
A.  sulcata  (xxvi.  8^.— Oval,  depressed, 
with  4  to  6  lon^tudinal  furrows,  and  an 
oblique  notch  m  front,  from  w^hich  the 
two  filaments  proceed ;  movement  vacil- 
lating, circular.  Pertv  has  seen  it  divide 
longitudinallv.  1-ldOb".  The  projecting 
filament  is  three  times,  and  the  floating 
one  about  twice  as  long  as  the  body; 
in  this,  however,  says  Perty,  there  Ib  no 
constancy. 


Genus  PIXEOTIA  (D.)  (XXVI.  10,  a,  6).— Diaphanous,  having  several  ribs 
or  longitudinal  ridges  along  the  middle, and  a  droular  translucent  margin,giving 
the  whole  a  navicular  form ;  two  locomotive  filaments  proceed  from  one  end. 

This  distinct  form  might  be  mistaken  for  one  of  the  Badllaria,  were  not 
the  filaments  deariy  visible.  The  characters  of  the  filaments  are  similar  to 
those  of  ^mson^ma— one  extending  forwards  with  an  undulatory  movement, 
the  other  trailing  and  capable  of  suddenly  arresting  the  movement  of  the 
body  by  ite  adhesion  and  power  of  retraction. 

1-190" ;  movement  slow.    In  sea-water 


PixEOTiA  vitrea  (xxvl  10  o,  h), — ^Hy- 
aline, with  8  to  4  longitudinal  salient 
lines  at  the  centre,  and  some  granules. 


kept  for  two  months. 


Genus  OXYRRHIS  (D.)  (XXVI.  9  a,  6).  — Ovoid,  oblong,  obUqudy 
notched  in  front,  and  prolonged  into  a  point ;  several  fiagelliform  filaments 
proceed  laterally  from  the  bottom  of  the  fissure. 
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The  name  is  indicative  of  the  dongated  apex.  These  Inftisoria  being  but 
imperfectly  known,  one  species  only  is  described : — 

QxYBBKEB  fnarma  (xxvi.  9  a,  &.)— ColomleeB;  subcyHndrical  rugose,  rounded 
posterioily.    1-520".    In  the  Mediterranean. 

The  next  three  genera  are  taken  from  Ferty,  the  first  being  one  of  his 
dyptomonadina,  the  others  Thecamcmadina : — 

Genns  PHACOTUS  (XIX.  7,  a,  6,  c).— Body  round,  biconvex,  with  two 
(possibly  four)  filaments. 

viduaL  Medium  size  1-1440".  Among 
Confervse.  Bern.  It  =  Cryptonumas 
leniicuhriaCR.),  Like  Dujardin,  Party 
removes  Ckaioty]fhla  and  Chatogkna 
from  the  Peridinisa  to  the  Thecamo- 
nadina.  The  former  genua  he  retains, 
but  merges  the  latter  in  his  group 
Chonemona$, 


Phacotus  viridi*, — Ghreen,  usually 
divided  through  the  middle  by  a  clear  or 
&  dari£  line.  Margin  acute;  the  central 
part  more  or  less  convex,  sometimes 
elevated  into  a  sharp  angular  ridge,  ren- 
dering the  figure  four-sided.  The  shell 
shows  a  double  contour,  and  persists 
some  days  after  the  deatn  of  the  indi- 

Genus  TEYPEM0NA8= generally  TEACHEL0M0NA8  (Ehr.)  (XIX.  9, 
10, 11). — Shell  globular  or  dliptic,  with  a  small  round  aperture  (the  elevf^ed 
margin  €i  which  frequently  produces  a  funnel-like  appearance),  from  which 
the  filament  protrudes ;  colour  green,  with  a  red  stigma ;  lorica  at  first  hyaline, 
then  purplish,  and  lastly  brown,  thick  and  opake ;  not  armed,  but  apparently 
porous  from  the  presence  of  nimierous  puncta  indicating  the  absence  oi 
deposit,  as  elsewhere.  Perty  justly  objects  to  the  term  Tra^chdomonaa,  as 
fsoae  to  cause  confusion  of  ideas  from  its  etymology  signifying  beings  with 
necks,  which  none  of  those  it  includes  possess. 

Tbtfbmonas  vohocma  (xix.  9, 10)  =  TrachdomonoB  vohocma ;  and  T.  eykndriea 
(xrc  11)  s  Drachehmofuu  cyUndrica  and  7.  nigricant  (Ehr.). 

Genus  CH0NEM0NA8  (XVin.  35  a,  6,  c,  <i).— Green  with  a  red  stigma ; 
testa  hard,  ellipsoidal,  with  a  funnel-shaped  opening  at  the  anterior  end — ^from 
whidi  two  filaments  proceed.  It  represents  in  part  the  genera  OhcBtoglena, 
Pantotrichumf  and  LageneUa  (£•). 


Chonshonas  Sekranku  (xvm.  86  a, 
6,  e,  d),  fofrm&Aj  named  C.  hiagnda. — 
Loiica  cdear  or  dark  brown,  more  or  less 
spinous.  Filaments  double  the  length, 
and  hyaline.  Portions  of  the  lorica.  ex- 
hibit appar^it  pores,  and  empty  speci- 
mens often  decussating  lines.  The  green 
contents  escape  unhurt  on  fracturing 
their  enclosing  casj^  which  they  gene- 
rally do  not  fill.  When  fission  proceeds, 
the  contents  alter  their  form,  and  the 
filaments  diBM>pear.  Onward  movement 
not  rapid,  seldom  oscillating,  but  actively 
revolving.    1-900"  to  1-6&".    At  Bern, 


in  pools  of  snow-water,  and  beneath  the 
ice.  Two  varieties  occur: — a,  glabra, 
with  a  smooth  lorica,  which  is  no  other 
than  the  LageneUa  euehhra  (R)  ;  &. 
unguis,  with  a  single  filament,  equiva- 
lent to  Cfuetoglena  volvocina  (E.).  The 
very  hispid  examples  of  this  Cnonemonas 
are  =b  Pantotrichum  Lagenula^  placed  by 
Ehrenberg  among  his  Cyclidma. 

C.  acuminata.  —  Shell  oval,  strongly 
pointed  posteriorly;  bristles  scarcely  ob- 
servable. Funnel  at  front  distinct. 
1-600^'.  Hyaline  and  quite  smooth  speci- 
mens also  occurred.    On  the  St.  Gothard. 


Genus  DBEPANOMONAS  (Fresenius). 


l>B]£PANOMONAS  dentoUu — Colourless; 
fidcifoim,  compressed;  pointed  at  each 
end,  with  five  outspreaoinff  fturows,  of 
Trhich  two  are  on  either  flat  side,  and 
one  on  the  convex  edge.  In  the  centre 
of  tlie  concave  sur&ce  is  a  ventricose 
swelling  with  a  small  tooth-like  nrocess ; 
«  gTF»"lM'  process  is  remarked  Wieath 


the  apex.  From  near  the  last,  several 
lines  extend  upwards  and  outwards.  In 
one  aspect  an  undulating  line  is  percep- 
tible fuong  the  convex  margin;  this  is 
also  visible  in  the  loric®  of  dead  speci- 
mens. Internally  are  only  colourless 
granules,  imparting  a  pearly  hue.  On 
one  occasion  a  vacuole  was  seen  having 
2j, 
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6  reddish  glimmer;  possibly  a  ccmtrao- 
tile  vesicle ;  movements  slow :  no  con- 
tractions of  fiflpire  observed.  Both  ends 
furnished  wiui  delicately  motile  fila- 
mentSy   those   on   the   anterior   longer 


than  those  on  the  posteri<v  ex 
but  still  seen  with  oifficolty.  In  i 
minff  it  lies  on  the  flat  sur&ce;  it  abo 
revolves  on  its  long  axis.  I-IS'"  to  1-14"*, 
In  water  from  Walldorf. 


FAMILY  IV.— VOLVOCINA.    (See  p.  144.) 

(XIX.  32-69;  XX.  22-47). 

This  family  deiives  its  name  from  the  genus  VolvoXj  and  from  the  rolUng 
motion  with  which  the  beautifdl  creatures  belonging  to  it  make  their  way 
through  the  water.  They  resemble  the  Monad^  in  most  particalars  relatiBg 
to  their  organization ;  have  an  unvarying  form,  and,  except  a  filament,  no 
appendages ;  vacuoles  present.  Whilst  propagation  by  self-divisiosi  is  pro- 
ceeding, and  the  young  are  increasing  in  size,  the  surrounding  envelope  or 
lorica  is  observed  to  expand  in  a  corresponding  degree,  but  continues  entire 
until  its  numerous  occupants  have  come  to  maturity,  when  it  boists  and  sets 
them  at  liberty. 

All  the  genera  are  provided  with  organs  of  locomotion,  which  oonsist,  as 
with  the  Monads  and  Oryptomonads,  of  a  single  or  double  very  delicate  fila- 
ment ;  and  hence  it  is  that  when  they  are  clustered,  the  entire  group  appears 
to  be  ciliated,  or  beset  with  hairs.  Besides  granules,  one  or  two  round  nuclei 
and  a  contraetQe  sac  are  present. 

This  &mily  Ehrenberg  disposed  into  ten  genera — ^five  fumiahed  with  a  red 
stigma,  situated  at  the  anterior  part  of  the  body,  and  five  without  it.  In  tiie 
former,  a  sensitive  system  was  presumed  on  the  supposition  of  the  red  speck 
being  an  eye. 

The  following  is  on  analysis  of  the  family : — 

(  (  (       yibrating 


^ 


TaU 

absent 


Lorioa  single  -• 


Lorioa  box-Uke 


filament    abseni 


▼ibratmg       1 
filament  present  j 


*}  Gw-- 


BMidorina. 


Cluatera  tabulated  or  in  plates    Gonimn. 

V  Lorica  doable  .^ Sjrncrypla. 


Tail  present    Synuia. 


(5- 


Self-division  both 
equal  and  perfect 
(no  internal  globes) 


Tail  absent 


[^  Tail  present  Urogleiia. 

r  filament  single    ...  Eudorina. 

[  filament  doable  ...  ChUmydomonaB. 

I  Filament  single    Sphierosum. 
Filament  double  YoItox. 

The  above  accoxmt,  derived  from  Ehrenberg's  work,  affords  a  veiy  imperfect 
conception  of  the  Volvocina,  especially  of  their  structural  charactmatics  as  a 
family, — a  defect  we  have  endeavoured  to  supply  in  tiie  chapt^  oh  tiieir 
general  history  (p.  144).  Moreover,  as  there  noticed,  these  beings  are 
numbered  by  the  majority  of  naturalists,  at  the  present  day,  among  plasts, 
fdthough  a  respectable  minority,  among  whom  are  Thuret  and  T.ft/>hmann^ 
incHne  to  the  opinion  that  they  are  for  the  most  part  animals,  as  Ehrenbog 
represented.  Thuret  expressed  this  opinion  now  several  years  since,  wh^ 
the  physiology  of  the  simplest  v^petable  organisms  was  imperfectly  under- 
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stood,  and  supported  it  on  the  fiust  that  an  aet  of  germination,  similar  to 
that  se^i  among  the  spores  of  the  lower  Alge,  was  never  witnessed  among 
the  Yolvocina.  This  absence  of  a  supposed  vegetable  characteristic,  more 
recent  researches  af^ear  deaily  to  set  aside  as  an  alignment  against  the 
vegetable  nature  of  a  doubtful  oigamsm ;  for  in  the  whole  cycle  of  life  of 
many  of  the  simplest,  or  so-called  unicellular  plants,  an  act  of  germination, 
as  understood  by  Thuret,  never  occurs.  Dujardin,  when  he  published  his 
work  on  Infusoria  in  1841,  admitted  the  Yolvocina  among  animalcules,  but 
proposed  a  diffinrent  distribution  of  their  genera  to  that  put  forward  by 
Ehrenbeig.  Thus,  he  transferred  Oyges  and  Chlamydomonas,  owing  to  their 
not  being  a^^r^gated  within  a  common  envelope,  to  the  Thecamonadina,  and 
united  Eudorina  with  Pandarina  (XIX.  59-69),  and  Synura  with  Uroglena, 
because  he  could  not  regard  the  presence  or  absence  of  a  red  speck  to  be  a 
generic  characteristic.  Further,  Yjod  considered  8ynorypta  a  doubtful  genus, 
and  combined  Sphwrosira  with  Pandorina. 

Although  the  present  state  of  science  proves  that  the  appearance  of  a  red 
apeck  or  specks  in  a  monadiform  being  is  mostly  a  transitory  phenomenon, 
assodated  with  a  certain  condition  or  phase  of  existence,  and  that  therefore 
the  union  of  Eudorina  with  Pandarina,  and  of  Synura  with  Uroglena,  is  a 
correct  proceeding,  yet  Dujardin  erred  both  in  detaching  Oyges  and  CTdamy^ 
donumas  (XIX.  16)  from  the  Yolvocina,  and  in  considering  8ph4xro$ira  and 
Pandorina  modifications  of  a  common  form.  The  relation  of  Chlamyd(nnona$ 
to  the  Yolvocina  has  been  well  shown  by  Ck>hn,  Braon,  and  others ;  and 
Oyg€$  itself  might  probably  be  dispensed  with  as  a  distinct  genus,  since  there 
is  good  evidence  to  show  that  its  species  are  simply  stages  of  development  of 
Chdamydocoecus  or  Protococcu/i  (XIX.  20-31),  and  of  ChUtmydomonaB.  Again, 
SpharodrOy  instead  of  being  a  varied  phase  of  Pamdorvnay  is  a  member  of  the 
genns  Volvox ;  indeed  Prof.  Busk  indines  to  the  notion  that  it  is  merely  a 
developmental  stage  of  the  common  Volvox  Glohator  (T,  3f.  8,  i.  p.  39).  Perty, 
however,  advances  as  an  argument  for  its  independent  nature,  tiiat  it  is  com- 
mon about  Bern,  whilst  Volvox  Glohator  is  not  met  with.  This  fact  speaks 
at  least  for  the  specific  independence  of  Spfueronray  although  its  generic 
must  be  given  up.  Moreover,  a  genus  Botryocystis  was  instituted  by  Kiitzing, 
of  the  independence  of  which,  however,  there  is  no  good  evidence.  The  con- 
dition ciProioeoeeusphmaUs  (Cohn,  Bay  8oe,  1853,  p.  559),  when  divided  into 
sixteen  s^;ments,  corresponds  to  the  Botryocystis  Morum,  Further,  the  last- 
cited  author  in  another  treatise  (Entwick,  a,  MiJcroslcop.  Ah.  und  Pilze,  p.  209) 
treats  BotrvoeysHs  as  synonymous  with  Pandorina,  and  m  this  agrees  with 
Prof.  Hen&ey,  who  remarks  (if.  T,  1856,  p.  51)  that  the  form  of  Pandorina 
which  produces  the  resting-spores,  after  losing  its  cilia,  is  Eiitong's  Botryo^ 
eyttis  Morum,  Perty  coins  two  new  genera,  cmlled  Synapkia  and  Htrmidium 
(XrX.  15).  Cohn  points  out  a  natural  division  of  the  Yolvocina  into  two 
sections,  in  the  first  of  which,  represented  by  Chlamydomonas  and  Ohlamy- 
dococeuSy  the  fission  of  each  primordial  cell  is  complete,  and  the  products 
single  and  unicellular,  whilst  in  the  second  section,  including  all  the  rest  of 
the  Yolvocina,  the  cells  formed  by  the  fission  of  the  parent  primordial  cell  con- 
tinue united  in  groups  or  clusters.  The  difference  between  the  several  genera 
obtains  from  the  disposition  of  the  produced  cells ;  and  this,  again,  depends  on 
the  direction  of  the  line  of  fission.  Thus,  in  Stephanosphasra  (XIX.  38-52) 
the  plane  of  fission  is  the  meridian  of  the  sphere ;  in  Oonium  it  occurs  in  two 
planes  at  right  angles  to  each  other,  and  in  Volvox  and  its  allies  in  three 
planes.  If  tiie  Yolvocina  are  referable  to  the  vegetable  kingdom,  they  consti- 
tute a  £unily  of  the  order  PalmellacesB  (Chamsei^ycesa,  K.\  among  the  Algsa. 

The  separation  <rf  Syncrypta  from  Qyges,  and  its  independent  generic  ex- 

^  L  ^ 
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istenoe,  are  very  questionable ;  for  the  possession  of  a  doable  lorica,  attiibated 
to  Syncnfpta  by  Ehrenberg,  oannot  serve  as  a  generic  distinction  from  Gyge$^ 
with  a  single  lorica,  since  Cobn  has  shown  in  Chlamydoeoccus  that  the  pro- 
duction of  a  distinct,  loosely  investing,  and  appaientiy  second  covering,  is  (me 
of  the  series  of  developmental  phenomena  in  the  selfsame  being,  l^e  same 
statement  is  true  of  the  so-called  tail  which  is  used  to  separate  Synura  from 
other  aUied  forms ;  for  caudate  beings  make  their  appearance  in  the  cycle  of 
existence  of  non-caudate :  thus  a  caudate  variety  of  naked  *'  xoo^Mure ''  re- 
sembling a  Bodo  is  represented  by  Cohn  in  his  illustrations  of  the  multiform 
phases  of  Protocoeeus.  The  presence  of  a  mouth,  and  the  constniction  of  the 
envelope  with  one  side  or  end  open,  through  which  the  animal  can  fHrotrude 
itself  at  will,  are  statements  now  generally  ignored. 

After  exduding  the  inadmissible  and  the  very  doubtfdl  genera  of  tiiis 
family  of  Ehrenbeig,  there  remain  only  Pandoriruif  Qcfdum^  Chlamydomo^ 
neu,  and  Volvox,  To  these,  other  naturalists  add  CJdamydoeoeeus  (Braun), 
OkeoeoecuM  (Braun),  Stephanotphcera  (Cohn),  and  Siephonoma  (Wemeck). 
Ehrenbeig  himself  has  added  a  new  genus  he  names  Trochogofdum ;  but,  from 
the  imperfect  description  given,  it  is  not  possible  to  decide  accurately  wheth^ 
it  is  distinct  from  some  of  the  genera  instituted  by  other  naturalists. 

Genus  GTGES. — Lorica  of  a  simple  box-like  form  (urceol^ ;  eje-speek 
and  '  tail '  absent ;  filament  doubtftdly  present ;  the  internal  organixation  is 
little  known.  Two  species  are  mentioned  by  Ehrenberg,  both  of  a  green 
colour  and  enclosed  in  a  transparent  lorica. 


Grass  Oranuium  (Volvox  Oranuhitny 
BL). — Oval,  or  nearly  globular;  con- 
tained gianules  of  a  darkish  green  colour. 
Amon^LemiUBandGoiifervie.  1-1150". 

According  to  Cohn  (on  Protococeutf 

?».  559)  the  encysted  motile  zoospore 
XIX.  31)  of  J^-otococcus  (Chlamydoeoccus) 
phtviaUs  IB  the  same  as  this  species  Gygea 
Oramdum'y  whilst  the  same  zoospores  di- 
vided into  two  must  be  regarded  as  tlie 
next  species,  Oyges  biparUtuB, 

G.  oipnrtitm, — Cxystalline,  gelatinous, 
and  nearhr  spherical;  the  superficies  co- 
lourless, out  its  granular  contents  yel- 
lowish green ;  it  is  sometimes  seen  di- 
vided into  two,  at  others  as  a  simple 
sphere.    Amongst  Confervas.    1-480". 

G.  ,aanfftdneu8, — Oval,  red,  inclining  to 
crimson,  surrounded  by  a  broad  colour- 
less ring  lepreeenting  the  enveloping 
lorica.  This  species  was  discoverea  bv 
Mr.  Shuttleworth  in  the  red  snow  whien 
fell  at  the  Grimsel  in  August  1839.  Its 
motion  is  lively.  Group  527  ^vn.) 
shows  several  highly  magnified.  Found 
with  Astasia  nmdis  and  Monas  gliscenSy 
among  the  globules  oi  Protocoeeus  nivalis 
(Ed.  jRWt  Joum.  v.,  xxix.).  1-1200"  to 
1-800".  Thisispiobablyonly  the 'still' 
phase  of  Chlamydoeoccus  phwiaUs. 

M.  Vogt  gives  a  very  smgiilar  account 
of  the  mode  of  reproduction  of  this 
being.  He  says,  "It  gives  off  from  se- 
veral parts  of  its  body  small  transparent 
buds,  iqpparentiy  vesicular,  and  for  the  I 


most  part  fiUed  with  granular  mattsr. 
As  they  enlarge  they  become  gradually 
detached ;  sometimes  two  of  equal  sise^ 
of  which  one  is  red  and  loricated,  the 
other  colourless,  adhere  by  a  very  narrow 
point  of  attachment^  which  subsequently 

g'ves  way,  and  the  bud  appears  as  an 
ifusory  animal,  like  what  Mr.  Shuttle- 
worth  has  represented  in  his  7th  and  8^ 
figures,  and  which  approaches  Pattdorina 
hyalma  (£hr.)." 

This  account  of  the  reproduction  of 
this  species  of  Gyges  is  so  peculiar  and 
exceptional,  that  the  questions  arise 
whether  it  really  is  a  memb^  of  this 
genus  and  family,  and,  if  it  be,  whetiier 
the  description  is  a  correct  intexpretation 
of  the  fiftcts  observed. 

M.  Vogt  adds  that  Oyyss  sanguineus 
ought  not  only  to  be  looked  upon  as  tiie 
type  of  a  new  genus,  but  even  of  a  new 
family,  on  account  of  its  very  peculiar 
mode  of  reproduction.  He  nirUier  de- 
scribes a  new  species : — 

G.  Voyta, — Globular,  containing  in  its 
interior  from  two  to  five  individuals, 
enveloped  by  an  anparentiy  silicious 
lorica ;  colour  dark  rea ;  firequentiyf[>uiid 
adherent  and  airanged  in  the  form  oi  a 
cross,  also  often  separate.  ''The  small 
individuals,  probably  the  young,  were 
of  a  clear  yellow  hue.  I  could  not  ob- 
serve the  slightest  motion  in  them." 
— On  the  Animalcules  of  the  Red  Snow, 
BibUothique  Umv,  de  Oenive,  May  184L 
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Oeniia  PANDORINA  (XIX.  59-^9)  (Part  I.  p.  157).— Bestitate  of  eye- 
speok  and  taQ,  but  provided  with  a  globular  lorica  and  a  dender  filament. 
Baring  self-diTiBion  the  creatore  acquires  the  appearance  of  a  mulbeny. 
Transparent  vesieles  oocor  in  one  species :  two  exhibit  green,  and  a  third 
edonrless  grannies. 

Bnjardin  esteems  the  presence  of  the  red  speck  to  be  insufficient  to  distin- 
guiah  Budorina  as  a  genus  distinct  from  Pandirina ;  and  most  recent  observers 
agree  with  him. 

It  has  been  shown  bj  Braun  (B&jwene$c&nee,  Bay  8oe.  1853,  pp.  169-209), 
as  well  as  by  others,  tluit  Ehrenberg  was  in  error  in  ftJwigniTig  a  single  fila^ 
ment  only  to  Pandorinay  and  no  eyenapeck — since  two  flabella  extend  from 
the  more  pointed  extronity  of  the  being,  and  close  to  their  base  is  a  brownish- 
red  speck. 

Prof.  Henfrey  details  (3f.  T,  1856,  p.  49)  the  characteristics  of  Pandorina 
mucdi  more  fully,  and  corrects  the  errors  into  which  Ehrmiberg  fell.  He 
assumes  it  to  be  a  plant,  and  thus  describes  it : — '<  Pcmdorma, — ^iSrond  a  mi- 
croscopic, ellipsmdal,  gelatinous  mass,  containing,  imbedded  near  the  peri- 
phery, sixteen  or  more  Mdliated,  permanently  active  gonidia,  arranged  in 
severed  circles  perpendicular  to  the  long  axis  of  the  frond.  The  gonidia,  al- 
most g^bose,  with  a  short  beak-like  process,  a  red  spot,  and  a  pair  of  dlia 
which  project  through  the  substance  of  the  frond  to  form  locomotive  organs 
iqK>n  its  surfrtoe.  Beproduction :  1.  By  the  conversion  of  each  gonidium 
into  a  new  frond  within  the  parent  mass.  2.  By  the  conyersion  of  the  go- 
nidia into  encysted  resting  spores,  which  are  set  free,  and  (?)  subsequently 
germinate  to  produce  new  fronds."  The  genus  more  closely  resembles  8te^ 
phano^phofra  than  any  other  of  the  fumly. 


Panbobina  Morum  (Volvox  Mortmiy 
M.)  (XDL  69-69). — ^Body  Bimple  or  mul- 
tipartite, endosea  within  a  simple  lorica. 
Colour  green ;  filament  twice  as  long  as 
tiie  hoaj.  In  water  with  LemiUB  and 
Con&rvae.  Size  of  individual  1-1150", 
duster  1-120".  Some  individuals  broken 
from  the  duster  by  Ehrenberg  have  not 
been  above  one-third  the  former  mea- 
surement. 

P.  Morum  is  much  more  satisfactorily 
and  oorrectiy  described  by  Mr.  Henfrey, 
tiiuB: — "Fronds  hyaline,  from  about 
1-80"  downwards.  Gonidia  either  16, 
and  then  ananged  into  drdes  of  4;  or  32, 


and  then  in  6  cirdes — ^  at  the  poles,  of 
4,  and  the  intermediate  8  of  8  gonidia; 
which,  in  the  perfect  form,  stand  near 
the  periphery,  and  wide  i^art  In  the 
forms  which  produce  the  resting-eporBS, 
the  gonidia  are  crowded  together  m  the 
cenlsre.  The  gonidia  are  green ;  but  the 
contents  of  the  resting-spores,  after  they 
have  become  encysted,  are  converted 
into  oily  and  granular  matter  of  a  bright 
red  colour." 

P.  hydUna. — ^Form  globular.  In  the 
Nile  with  ConfervsB,  and  is  a  doubtful 
spedes.    1-5760". 


Genus  GONimi  (XIX.  32-37;  Part  I.  p.  152).— Defident  both  of  eye- 
speck  and  tail ;  lorica  simple ;  in  the  process  of  self-division,  form  regular  four- 
cornered  tablets  or  plates.  The  lorica  (a  laeema)  of  each  individual  (as  is  seen 
after  its  separation)  is  nearly  round ;  and  the  organism  can  cast  it  off  and  form 
it  anew.  In  one  of  the  species  {G,  Peetordle)^  two  vibratory  filaments  are 
placed  at  the  mouth  as  organs  of  locomotion,  &c. ;  in  the  other  spedes  these 
have  not  been  observed.  Vacuoles  are  seen  within  O.  Pectorals ;  and  a  red 
speck  (produced  probably  by  refrticted  light)  at  the  base  of  the  filaments  has 
been  concdved  by  Ehrenberg  to  indicate  the  mouth. 

Gohn's  elaborate  account  famishes  the  following  additional  notes  on  Oo^ 
nium  {Entwick,  p.  179 ;  and  Part  I.  p.  152) : —  The  quadrate  tablets  consist  of 
sixteen  polygonal  (mostiy  hexagonal)  cells,  united  together  by  tubular  prolon- 
gations from  their  angles,  the  whole  being  surrounded  by  a  common  gelatinous 


Digitized  by  VjOOQ IC 


618 


trrSTEMATIC  HISrOBT  OF  THE  ikfusobia. 


inTestineiit  (the  envelope-oell).  Each  cell  or  goniditun  has  its  own  hyahnfi 
membrane,  is  somewhat  dongated  into  a  neck-like  form  on  one  side,  and  ocm* 
tains  a  homogeneous  protoplasm,  chlorophyll,  and  dark  grannies  (except  in  the 
neck-like  portion),  and  in  the  centre  a  smgle  chlorophyll  vesicle ;  besides  these, 
several  vesicular  spaces,  and  one,  two,  or  rarely  three  oontraetiLe  vesides. 
From  the  pointed  end  two  filaments  proceed,  and  pierce  the  common  envelope, 
to  vibrate  freely  on  the  ontside  of  the  tablet.  Eei«x)dncti<»i  by  fission  is  not 
a  simnltaneons  act,  as  represented  by  Ehrenberg,  but  is  effected  by  repeated 
divisions  through  four  generatiiHis  or  series,  in  each  of  which  the  '  daughter 
cells'  severally  resolve  Uiemselves  into  two  others,  as  happens  in  all  the  Yol^ 
vocina  andPalmelleflB.  The  result  of  this  act  of  reproduction,  when  uninter^Bred 
with  and  complete,  is  the  formation  of  sixteen  tablets  similar  to  the  parent, 
but  without  any  organic  connexion,  each  young  tablet,  however,  being  enclosed 
within  the  wall  of  the  parent  cell,  out  <^  which  it  has  been  px>duced,  for  this 
cell-wall  takes  no  part  in  the  process  of  fission.  Sometimes  a  tablet  breaks 
up,  setting  its  component  gonidia  free,  when,  their  angular  processes  becoming 
absorbed,  and  their  membrane  ftirther  removed  from  the  contents,  they  as- 
sume the  general  aspect  of  a  Chlamydoeoeeus  or  Chlamydomonat,  and  probably 
enter  on  a  reeting-stage  like  the  gonidia  of  Stephano^hcBra,  Ehrenberg  be- 
lieved the  isolated  cells  to  be  reproduced  by  fission  like  those  united  in  the 
tablets;  but  Ck>hn  never  observed  this  take  place.  If  this  resting-stage  actually 
occurs,  then  OerwHim  is  propagated  by '  macrogonida' ;  but  of  <  microgcmidia'  no 
evidence  has  been  discoverod.  The  tablets  revolve  on  their  shorter  axis,  and 
hence^  on  a  polar  aspect,  appear  like  a  ctisk,  on  an  equatorial  like  a  line  of 
cells.  A  peculiar  structural  relation  obtains  between  Oonium  and  Pediai^ 
tntm.  Lastly,  Cohn  asserts  that  Oofdwn  PeetardU  is  l^e  only  true  spedes  of 
this  genus ;  <^t  the  others  enumerated  by  Ehrenberg  are  motionless^  and 
belong  to  the  genus  Merismopedia  among  the  PalmellacesB. 


GoNiTM  PBctarale  (M.)  (see  p.  162). 
—Consists  of  sixteen  spherical  bodies 
endoeed  within  a  transparent  lorica,  and 
disposed  regularly  in  a  quadrangular 
form,  and  in  the  same  phme.  like  the 
jewels  in  the  breast-plate  of  the  Jewish 
High  Priest,  whence  the  spedfic  name. 
The  four  central  ones  are  generally  larger 
than  those  which  suiround  them;  and  uie 
combined  diameters  of  the  three  smaller 
balls  are  about  equal  to  the  two  larger 
centre  ones  to  which  they  are  attached ; 
the  external  comers  are  consequently 
vacant.  As  these  animalcules  swim  and 
revolve  in  the  water,  they  occasionally 
present  a  side  view  to  the  observer,  when 
the  circumference  of  the  lar^  central 
globules  may  be  seen  projecting  beyond 
the  others.  Sometimes  the  dusters  ap- 
pear irregular.  They  are  of  a  beautiful 
transparent  green  colour;  and  in  swim- 
ming, the  fflobules  often  iq>pear  of  an 
ellipsoidd  ngure. 

In  order  to  observe  the  structure  of 
this  highly  curious  and  beautiful  crea- 
ture^ considerable  adroitness  is  necessary 
in  tne  management  of  the  microscope ; 
while  a  little  indigo  conveyed  into  the 
water  with  the  point  of  a  earners-hair 


pencil  win  be  required  to  see  the  whoils 
and  currents  set  m  motion  around  it. 

The  single  animalcules  (xix.  83)  swim 
like  the  Monads,  in  the  direction  of  the 
longitudinal  axis  of  their  bodies ;  bnt  the 
tabtets  have  a  variety  of  movements: 
sometimes  thej  move  quite  horizontally, 
at  others  vertically,  at  others  again  on 
their  ed^,  revolving  like  a  wheeL  A 
magmfying  power  of  200  diameters  Is 
sumcient  for  general  examination ;  but 
to  exhibit  all  the  structures  shown  in 
the  engravings,  fbur  times  that  power 
will  be  required.  In  dear  water,  salt 
and  fresh,  near  the  surfiuie.  Disoovered 
by  Miiller  in  dear  water  at  C<^enha- 

fen,  1778.     Size   of  animalcule  from 
-460"  to  1-1150",  of  tablet  not  eiceed- 
ingl-280". 

Gt.  punctatum,  —  Corpusdes  green, 
spotted  witii  black,  and  endoeed  within 
a  crystalline  lorica.  Amongst  Oonfervs. 
1-4600";  atabletof  16, 1-570"  in  breadth. 
G.  tranquUktm.  —  Corpusdes  green, 
within  a  ciystalline  lorica,  each  l-S^SO"; 
a  tablet  of  16  corpuscles,  from  1-140"  to 
1-220"  in  breadth.  Tablet  sometimes 
twice  as  broad  as  long. 
G.  hyaUnum^'^Cov^uacleB  transparent, 
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within  a  crystaUiiie  enyelope.    In  stag-  The  nnmber  of  animalcules  in  the  tablets 

nant  water.   Corpnadlee  1-JOOO" ;  tablet  Tariee  from  four  to  aixty-four.    In  sea- 

of  20  to  25,  1-000"  in  breadth.  water.    Size  1-5000" ;   tablet  1-500"  in 

G.    ffkuicunu  —  Coipusclee     bluish-  diameter, 
green,  within  a   crystalline   envelope. 

Oonium  iranqmUum  and  O.  glauemn,  says  Ferty^  are  Algse  (».  e,  he  would 
8ay>  u^  not  members  of  this  genus).     He  adds  as  a  new  species, 


G.  hekeHcum, — The  green,  spherical 
corpuscles  combined  in  a  tabular,  gela- 
tinous envelope,  without  any  intercom- 
municating bands,  each  furnished  with 
a  fine  red  stigma  and  two  dliazy  loco- 
motive filaments.  On  a  jwlar  view,  one 
laige  round  vesicle  is  visible;  on  the 
lateral  aspect,  two  such  are  apparent, 
one  laiger  than  the  other.    On  drying 


the  specimen,  the  stigma  itself  assumes 
the  rorm  of  a  vesicle.  It  is  readily  dis- 
tinguished firom  G.  quadramfuiatum  by 
the  absence  of  the  connecting  bands  or 
tubules  between  the  several  coipuscles 
in  the  tablet  Diameter  of  tablet  1-300", 
of  con>uscles  1-1300".  Filaments  2^ 
times  longer  than  the  gonidia.  In  ponds 
about  Bern. 


Qenns  BYKCBYPTA  (XX.  26t28).— This  genus  is  mainly  characterized 
by  secreting  or  hiding  itself  (as  the  name  implies)  within  a  second  envelope. 
Banih  indiv^nal  is  provided  with  a  special  lorica  of  the  form  of  a  little  shield 
(teutdlum),  and  is  united  with  others  in  a  common  gelatinous  envelope  (la- 
eema)  into  which  it  can  retreat ;  neither  eye-speck  nor  tail  is  present,  but 
there  is  a  large  filament ;  self-division  longitudinal.  The  filaments  of  the 
sereral  oorpfosolea  give  the  duster  an  appearance  of  being  surrounded  with 
hairs. 

With  this  genus  Dujardin  would  identify  his  Cryptomonas  (TetrabcBna), 
The  very  doubtful  position  and  independence  of  this  genus  as  a  member  of 
the  Yolvocina  have  been  remarked  on  in  the  general  notes  on  this  family 
(p.  144).  Mr.  Carter,  in  a  paper  lately  published  (A.  N.  ff.,  1859,  m.^,1  et 
seq.),  represents  Syrwrypta  to  be  the  "  spermatic  form  "  of  Volvox  or  of  Spha^ 
rom/ra  (£hr.).    (See  notes  on  BpiLfiBOsm^.) 


This  berry-like  cluster  of  animalcules, 
when  roUin^  throu^  the  water,  is  a 
beautiful  obiect  for  tne  microsoope  \  and 
with  the  aid  of  a  little  indigo,  the  nu- 
merous currents  it  creates  are  readily 
perceived :  xx.  27.  magnified  260  dia^ 
meters;  fig.  20. 400;  and  fig. 28  a  cluster 
about  to  sever  into  four. 


Syncbypta  vokox  (xx.  20-28}.— 
Form  oval ;  colour  green,  with  whitish 
lays  in  the  centre.  Generally  in  water 
dnined  from  Oonfervs.  1-28^';  a  clus- 
tered globule  in  its  cirstaUine  tunic, 
hardly  exceeding  1-570".  Fresenius 
states  that  he  h^  seen  a  red  stigma  in 
each  corpuscle,  which  was  overlooked  by 
Ehrenbeig. 

Genus  SYNTJRA  (XX.  29, 30). — ^Eye-speck  absent ;  tail  filiform,  attached 
either  to  the  base  of  its  own  lorica  or  to  the  centre  of  the  cluster  to  which  it 
belongs.  The  general  envelope  is  spherical,  gelatinous,  and  is  hollowed  out 
by  as  many  compartments  or  cells  as  there  are  individuals  in  the  little  com- 
munity. From  out  of  these  odls  they  can  stretch  themselves  a  considerable 
distance,  whilst  they  continue  attached  by  the  extremely  delicate  and  exten- 
sible taiL  This  so-called  tail  or  pedide  is  homologous  with  the  connecting 
rays  or  threads  of  the  several  corpuscles  in  the  globe  of  Volvoxy  and  is,  like 
them,  a  production  of  the  protoplasm  of  the  interior.  As  before  remarked, 
this  genus  is  doubtfully  retained ;  for  the  chief  distinctive  feature  Ehrenberg 
insists  on,  viz.  the  presence  of  a  double  lorica,  loses  its  significance  now  that 
modem  researches  have  shown  that  the  formation  of  a  second  or  common  en- 
velope is  an  ordinary  phenomenon  at  a  certain  stage  of  existence  of  most  or 
of  all  Volvocina.  Moreover,  the  description  given  of  this  genus  is  too  loose 
and  fiiulty,  and  its  acc(»npanying  illustrations  too  rude,  to  render  it  possible 
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to  rightly  appreciate  its  oharacters  and  to  aaslga  it  its  proper  plaee,  even  if 
it  is  admitted  to  be  an  independent  oi^ganism.  Mr.  Garter  haa  lately  pub- 
lished {A,  N,  E.  1859,  iii.  p.  10)  the  opinion  that  Synwra  is  the  ^  spermatie 
form  "  of  Volvox  or  of  Spltcerosira.    (See  notes  on  Sphjebosira). 


Synuba  uveOa, — CorDusdes  oUong, 
yellow,  cajole  of  extenoing  themselyes 
to  three  tmies  their  usual  length,  by 
means  of  the  extensile  taiL  The  cluster 
has  the  form  of  a  mulberry  and  its  mo- 
tion is  rolling  like  that  of  ro^tHxr  OMxi- 
tor.     xz.  29;  xz.  dO,  show  a  portion  of 


a  cluster,  and  the  manner  in  whidi  the 
tails  are  inserted  in  ike  common  enve- 
lope. This  spedesy  along  with  Synerwaia 
and  Uroglena  Vohox,  may  have  often 
been  confounded  with  UtfeBa  vtreacens. 
Length,  exclusive  of  tail,  1-700" ;  dia- 
meter of  duster  from  1-190"  to  1-280". 


Qenns  UEOGLENA  (XX.  31).— The  members  of  this  genns,  nnlike  other 
Volvocina,  possess  both  an  eye-speck  and  tail ;  they  Hve  in  dusters  under  a 
common  envdope  (laeema),  which  is  subdivided  into  cells  for  the  aooommo- 
dation  of  the  several  individuals.  Self-division  takes  place  simply  and  equally 
in  these  individuals,  whilst  in  their  clustering  condition.  They  are  placed  at 
uniform  distances  from  each  other,  attadied  by  their  tails,  whidi  raitiate  from 
the  centre.  Eadi  monad  is  furnished  with  a  filament,  which  projects  ex- 
ternally and  gives  to  the  entire  group  the  appearance  of  being  covered  witJi 
hairs.  When  the  creatures  divide,  the  mantle  or  laoema  enlaigee  c»ily,  and 
does  not  itself  undergo  fission.  The  red  speck  is  in  the  fore  part  of  the  body ; 
the  tail  is  filiform,  resembling  that  of  VorticeQa  and  Bodo, 

The  tail  mentioned  in  the  above  description  is  the  same  as  that  of  Synura : 
the  use  of  the  term  is  very  inappropriate  in  both  cases.  It  may  be  that 
Uroglena  should  be  united  with  Synura  as  Dujardin  proposed,  since  the 
presence  of  an  eye-speck  in  the  former  and  its  absence  in  the  latter  is  not 
distinctive ;  still  we  know  too  little  of  the  being  which  £hrenberg  would 
call  a  Uroglena,  to  come  to  a  decision  respecting  its  affinities  and  generic 
independence. 

This  genus  is  another  which  Mr.  Carter  would  set  aside,  as  he  oonriders  it 
(A,  N.  H.  1859,  iii.  p.  10)  the  same  with  Sphcerosiraj  or  the  '*  spermatie 
form  "  of  Volvox,    (See  notes  on  Sphjbbosiba.) 


Uboolbna  Vdhox  (xx.  81). — Cor- 
nuBdes  yellow,  oblong ;  tail  extensible, 
from  throe  to  six  times  the  length  of  the 
body,  and  even  more :  duster  mulberry- 
diaped.  There  is  little  doubt  that  single 
corpusdes  of  this  genus  have  often 
been  taken  for  creatures  of  a  difierent 


fJEunily.  EhrenbeiK  states  that  he  has 
observed  individuds  with  two  or  three 
coloured  specks,  which  he  conceives  to 
have  been  a  svmptom  of  approadiinff 
self-division.  Li  turf  water.  BiamTS 
duster  1-90". 


Genus  EnDOBINA. — ^Has  no  tail,  but  possesses  a  distinct  eye-speck,  and 
a  simple  vibratory  filament  anteriorly.  Self-dividon  proceeds  simply  and 
equally,  whilst  the  corpusdes  retain  their  clustered  condition.  They  are 
periodically  able  to  cast  off  their  globular  envdope  Qaeema),  and  to  exude  a 
new  one,  Hke  certain  Annelida.  To  observe  the  eye-speck,  a  power  of  300 
diameters  must  be  skilfrilly  employed. 

Dujardin's  proposition  to  combine  Eudorina  with  Pandorina  has  been 
already  mentioned  (p.  516),  and  appears  to  be  a  correct  one.  The  assigned 
characteristic  difference  between  those  two  genera  is  worthless;  for  Pandorina, 
like  Eudorina,  has  a  coloured  speck  (see  p.  157  et  aeq.). 

EunoBiNA  elegans. — Corpuscles  green, 

f  lobular,  never  protruding  from  their  cells 
eyond  the  common  envelope.     Stigma 
sparkling  ted.    The  clusters,  which  are 


of  an  oval  or  globular  foim,   contain 


generally  from  80  to  50  individuals,  and 
never  less  than  15.  Motion  revolving. 
Fiff.  47  exhibits  the  filaments  extendi, 
and  the  bodies  of  the  animalcules  within 


the  laeema  (ie,  the  '<  common  enve- 
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loffw'O*  CkwtonorClMtebeMitiftaaiil- 
inaipnlflB  are  often  seen  in  auch  >m«iing 
numben,  along  with  the  ViJkox  Okbaior 
and  CKlamy£mona9  I\iki»euki9y  as  to 
render  the  water  (otherwise  colourlefls) 
of  a  decided  ffreen  colour,  especialbr 
towaida  its  edges.  Thej  are  exoeect- 
iiudy  delicate — so  much  so  that  it  is 
difficult  to  preserve  them  aliye  for  more 
than  a  day  or  two :  whenever  it  is  at- 


tempted to  roftain  ^mbi  in  luge  axu 
ties^  the  second  day  will  fleneraDy  ex^ 
hilnt  a  thick  mass  of  dead  ones  at  the 
bottom  of  the  vessd.  When  a  few 
only  remain  alive,  if  the  stale  water 
be  poured  away^  and  they  are  removed 
into  a  vessel  df  clear  water,  they  will 
live  for  weeks.  At  Hackney  and  Hamp- 
stead;  most  abundant  in  the  spring  of 
the  year.    Diam.  of  cluster  1-180". 


Genus  CHLAMYDOMONAS  (XVlll.  40,  61-54;  XIX.  16)  (Part  I. 
p.  146). — ^Tail  absent,  eye-speck  distinct  red,  filament  doable ;  multiplication 
takes  place  by  self-division  vTithin  the  common  envelope,  which  is  raptured 
to  give  the  products  liberty.    The  lorica  indistinct  in  young  beings. 

Braun  (On  Befuveneseenee,  Bay  8o€.  1853,  p.  158)  appears  to  devate  this 
genus,  in  onion  with  (Jhlamydoeoecu$  and  GfUjeoeoeouB,  to  the  rank  of  a  £unily 
parallel  with  the  Volvocina,  under  the  name  of  ChJamydonumada.  Indeed, 
altiioug^,  as  Cohn  has  well  diown,  these  genera  agree  in  all  essential  particu* 
lars  and  relations  with  the  Volvocina,  yet  the  existence  of  each  gonidium 
as  an  independent  being  contrasts  so  strongly  with  the  aggregate  condition 
of  the  rest  of  the  Yolvodna,  that  there  seems  sufficient  ground  to  group  them 
as  a  sub-family.  In  order,  therefore,  to  retain  the  Chlamydomonada  toge- 
ther, we  shall  depart  from  our  usual  custom,  by  inserting  the  new  genera 
Ohlamydocoeeus  and  Qlceoeoceut  after  CMarMfdomonoM.  CJdamydamofuts  was 
emmeously  transferred,  as  before  noticed,  by  D^jardin  to  the  Thecamonadina, 
and  renamed  Disehm,  Its  characters  are  thus  discussed  by  Braun  (op.  cit. 
pp.  214, 215) : — **  (MamydomonoM  is  distinguished  from  the  genus  Chlamydo^ 
coccus  by  the  elosely  applied  membrane  of  the  old  swarming-oells,  also  by  the 
absence  of  the  little  starch-vesicles  in  the  interior,  while,  however,  as  is 
usual  in  most  of  the  PahneUaoese,  a  single  large  chlorophyll  utricle  exists  in 
the  interior.  There  is  no  central  red  nucleus,  as  in  the  gonidia  of  CMamy^ 
dococctu ;  but  some  species  have  a  parietal  red  spot.  Motion  is  effected 
by  two  cilia,  as  in  Chlamydocoecus,  As  in  that  genus,  there  is  a  growth  of 
the  gonidia  during  swarming,  which  lasts  over  the  day  and  night.  There  is 
also  a  formation  of  microgonidia,"  and  a  resting-stage  in  wluch  the  colour 
diangee  from  green  to  yellowish  red,  or  to  red. 


Cklamybomonas  iWnseuftM  (Monaa 
I^ihiacubta,  M.)(xix.  16\ — Colour  green ; 
lorica  oval :  eye-speck  orilliant  red ;  fila- 
ment double.  (See  DUehnU  vtridU^ 
p.  513.)  Cohn  identifies  it  with  Pbtytoma 
UveOa. 

These  creatures  form  a  large  portion 
of  tiie  green  matter  which  colours  the 
water  contained  in  water-butts,  ponds 
and  puddles  in  the  summer  and  autumn, 
and  especially  after  a  storm.  They  will 
rarely  &il  to  be  observed  when  any  of 


this  green  v^ater  is  examined  under  the 
microscope.  Whenever  these  creatures 
exist  in  lam  quantities,  midtitudes  of 
them  and  of  their  envelopes  rise  to  the 
surfoce  of  the  water,  and  form  a  green 
stratum  upon  it  Although  this  film 
somewhat  resembles  one  of  Ulvace8B,yet 
it  is  eaaQy  distinguishable  by  its  com- 
position of  livii^  corpuscles  with  red 
specks,  connected  together  by  a  loose 
mucous  tissue,  formed  of  dead  speci- 
mens and  empty  loricse.    1-550". 


CUtzing  affirmed  that  this  species  was  merely  a  phase  of  Stygeoelinium,  into 
the  filaments  of  which  it  became  transformed  by  an  act  of  germination.  This 
opinion  has  not  been  accepted,  as  it  is  supposed  that  KiitziQg  confounded  the 
spores  of  that  Alga  with  the  gonidia  of  Chlamydomonas  Puknsadus. 

Among  the  additional  species  of  Cfhlamydomonaa,  those  forms  described  by 
P^jardin  as  members  of  Diselmis  (p.  512)  should  probably  take  their  place 
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here.  Brattn  describes  the  foUoiniig  new  epedes,  premisiiig  the  lemaik  thit 
*'  the  species  are  doubtless  very  numerous,  but  the  distinction  of  them  from 
(me  another,  as  well  as  from  the  swarming  cells  of  many  other  AlgSB,  is 
very  difficult  without  a  complete  acquaintance  with  the  history  of  their 
existence." 


C.  oUusa  (Braun). — Colour  dark  cpreen  j 
truncate  at  both  ends,  and  oblong,  chang- 
ing to  spherical  and  a  yellowisn  brown, 
and  at  length  a  red  colour  on  assuming 
the  resting-stage.  ''The  macrogonidia 
grow  during  swarming,  from  1-oOth  to 
'almost  l-d(nh  of  a  milhmetre  long ;  they 
are  longish,  of  equal  diameter  on  both 
sides,  and  Tety  obtuse,  almost  truncatecL 
having  a  colourless  space  at  the  ciliated 
extremity,  presenting  the  form  of  a  notch. 
The  contents  are  dark  men,  finely 
granular,  with  a  large  veside  at  the  pos- 
terior extremity,  a  roundish  lignter 
space  in  front  oi  this,  and  no  red  point 
They  multiply  by  simple  or  double 
halving  in  seyenu  successiye  genera- 
tions. Sometimes  a  further  continua- 
tion of  tiie  division  of  the  full-grown 
macrogonidia  occurs,  forming  16  or  82 
macrogonidia  from  l-200th  to  l-120th 
millimetre  long,  of  ovate  shape  and 
lighter  colour,  tending  towards  brownish- 
yellow.  The  resting  (seed-)  cells  are 
globular,  about  l-40th  millimetre  in  dia- 
meter, at  first  green,  subsequently  light 
yellowish-brown,  finally  fiesh-rea ;  they 
nave  a  tough,  colouriess,  and  transpa- 
rent membrane.  In  the  Rhine  valley, 
near  Freiburg,  in  pools  in  sand-pits, 
which  are  occasionally  almost  completely 
dried  up  in  summer.'' 

C.  tingena  (Braun). — Gbnidia  smaller 
than  in  the  preceding  species,  1-120  to 
1-60  millim.  long,  ovate,  lighter  green, 
likewise  destitute  of  a  red  spot:  the 
membrane  is  more  distinct  in  old  age. 
Increase  by  double,  rarely  by  single 
halving ;  in  the  fonner  case,  by  decussat- 
ing sections.  Contents  granular,  punctate 
in  appearance,  green,  with  one  large 
vesicle.  In  the  resting-stage  they  ac- 
quire a  pale  reddish  colour ;  the  vesicle 
becomes  indistinct,  and  the  contents 
coarsely  granular  in  aspect  from  the 
formation  of  oiL  Microgonidia  also  are 
formed.  "The  resting-  but  still  green 
condition  seemed  to  me  to  correspond 
to  Protococcm  FeiUm  (K.),  that  which 
turned  red  through  desiccation,  to  i^. 
OrmniL^  Id  pools  near  Freiburg.  Cohn 
{EnUoick,  pp.  202,  203)  deteeted  two 
vesicles  in  ChlamydamonM,  below  the 


point  of  insertion  of  the  filaments,  very 
slowly  but  rhythmically  contractile,  and 
mentions  a  species  under  the  name  of 
CMamydomonoB  hyaUnOy  which  he  makes 
synonymous  with  Potyioma  UveUa  (R), 
and  states  to  differ  mm  Ch,  ISUdacubu 
only  by  the  want  of  chlorophyll  and  of 
a  red  speck  (op,  etj^  pp.  140  &  169).  He 
moreover  notes  a  new  fom^  probably 
generically  distinct  by  having  not  a 
globular  Imt  a  winged  prismatic  figure, 
quadrangular  on  a  transverse  section, 
with  the  two  win^  like  two  omtstratchea 
points^  although  m  other  respects  agree- 
ing with  CMamydomomoB  AkdaaUm, 
Perty  (p.  85)  objects  to  making  Chia" 
mydomonas  a  genus  of  Volvocina,  and 
refers  it  instead  to  the  so-called  ^Spo- 
roEoidia."  He  further  tells  us  that  ChL 
Pukiscuka  (E.)  is  rare  about  Bern,  but 
there  is  a  smaller  form  very  common, 
which  he  proposes  to  call 

C.  commumB  (Perty). — ^He  finds  also^ 
but  less  freauently,  a  more  ^lobular 
variety,  whicn  appears  to  be  the  Tra- 
chelomonaa  emarginata  (EichwaldV  but 
is  rn^UbcX  a  Chiamydomona$,  which  he 
names 

C.  ghbuloM  (Perty).  —  His  qpedes 
Hy$gmum  phwiaU  ^and  A  mvale  (i  e. 
ChiamydoooccuB)  he  suggests  unitmg^ 
with  the  species  of  ChlamydamonaSf  into 
a  group  (of  Sporozoidia)  imder  the  name 
of  Schtzonema, 

C.  muUj/Uts  (Fresenius). — ^Round  or 
oval ;  a  distinct  nucleus  m  the  centie ; 
granular  contents  ffreen ;  fiilaments  four, 
longer  than  the  cell;  at  Uieir  base  a  rose- 
coloured  contractile  vesicle^  and  poste- 
riorly to  this  a  red  stigma.  Lorica  thin, 
closely  investing  contents.  As  many  as 
six  filaments  seen  in  some  laiger  speci- 
mens.   l-©2"' to  1-63'".    In  fiesh  water. 

Chyalina  (Cohn,  Fresenius). — ^£3(»i- 
ffated  elliptical ;  rounded  at  both  ends ; 
filaments  two,  longer  than  the  body; 
posterior  half  of  cavity  occupied  by  gra- 
nules; a  clear  non-contractile  space  in 
the  centre ;  a  small  contractQe  sac  at  the 
base  of  the  fikments.  1-66"'  to  1-46'". 
In  ponds  coloured  by  Buylen€B. 

It  is  doubtfully  separable  from  (M 
PuM$ciskt8, 


Genus  CHXAMYDCCXXJCUS  (Part  I.  p.^  148)  (XIX.  20-31).— -Oonidia 
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spbeiioal ;  eoioor  green  or  red,  endosed  by  a  hyaline  stmctorelesB  mem^ 
braney  removed  some  distance  from^e  ooloored  contents  by  a  dear  interspace 
or  areola.     The  central  protoplasm,  coloured  by  chlorophyll  or  a  red  oil,  and 
having  one  or  more  chlon^hjll  utiides  at  the  centre,  has  its  spherical  figure 
destroyed  by  an  dongation  at  one  part  into  a  tapering  process,  from  which 
two  filaments  proceed,  and,  after  perforating  the  external  ''  enyelope  cdl," 
protnide  as  motile  TibratQe  organs.     The  inner,  colonred  globule  has  no 
i4)ecial  membrane,  and  in  consequence  undergoes  multiform  transformations 
of  its  oattine  in  the  course  of  devdopment.   In  the  restingHBtage  the  endosed 
coloured  mass,  the  ''  primordial  cell,"  secretes  over  its  surface,  inside  its  enye- 
lope cell,  a  new,  tough,  cellulose  membrane,  whilst  the  envdope  cell  is  dissolved 
into  a  mucous  layer.     In  such  still  cells  macrogonidia  are  produced  by  fission  of 
the  contents,  in  the  power  of  two,  and  after  a  time  burst  through  the  parent  cell, 
devdope  their  two  cihary^filaments,  and  proceed  to  devdope  a  cellulose  mem- 
bnme  over  their  entire  surface,  which  becomes  farther  and  farther  removed 
until  they  acquire  the  characters  of  the  ordinary  moving  cells.    When  divi- 
sioii  is  more  frequently  repeated,  miorogonidia  are  formed,  which  move  much 
more  actirdy,  and  do  not  secrete  an  envdope  cell ;  they  are  incapable  of 
propagation,  and  pass  immediatdy  into  the  oonditi<m  of  rest.    The  motionlces 
cells  dT  Ohiam^doeoeeus  are  of  much  simpler  structure  than  the  motile,  and 
oohast  simply  of  a  tough,  spherical,  cellulose  membrane,  and  green  or  red 
contents,  organised  as  a  primordial  utride.    Yacuoles  are  found  among  the 
contents  of  Ohlamydocoecus-ixilB ;  but  a  contractile  vedde  has  escaped  observ*- 
atirau    CMamydoeoecM  and  the  two  aUied  genera,  Olcsococeus  and  CTttam^do^ 
mona$,  difEier  from  the  true  Yolvodneee  in  this  respect :  vis.  they  separate  from 
eaeh  other  after  complete  fission,  as  primordial  utricles,  and  then  severally  pro'- 
ceed  to  form  an  independent  envelope  cell ;  whilst  the  rest  of  the  Volvocineie 
continue,  on  their  production  by  fission,  to  live  in  groups  and  produce  around 
their  aggregated  mass  an  envdope  cell  in  common.     It  bears  the  same  rela- 
tion, thereHrae,  to  the  rest  of  theVolvocineaB  that  PUuroeocem  does  to  Palmdla^ 
CydoteUa  to  Mdoseira,  or  Vortieella  to  ^nstylis.     Chletmydococcua  ia  distin- 
guished from  the  moving  germs  (q>orozoid8)  by  which  the  greater  number  of 
Algae  propagate,  both  by  a  somewhat  more  comj^ex  structure,  and  by  the 
cireomstanoe  that  the  motion  lasts  for  a  very  long  time,  and,  finally,  by  the 
powor  of  the  moving  ceUs  to  |»x>pagate  as  such,  without  entering  into  the 
state  <^  rest  otherwise  than  as  quite  a  temporary  condition.     Forty,  who  has 
studied  this  genus  very  minutely,  employs  the  term  Hysginwn  to  designate 
it,  alUiough  it  had  previoudy  received  other  names  m)m  other  observers, 
besides  that  we  have  employed.    Indeed,  owing  to  the  various  appellations 
given,  and  especially  the  specific  names  invented  for  the  multiform  varieties 
of  the  same  organism,  the  synonyms  became  very  perplexing  and  a  positive 
impediment  to  the  progress  of  our  knowledge  of  this  genus.    Among  the 
midtitnde  of  proposed  species,  two  only  are  now  accepted,  viz.  Chlamydococcua 
phmnaUi  and  Chi.  nivalis;  but  tkear  distinctive  characters  are  nowhere 
detailed  in  a  definite  and  available  form  for  our  purpose.    The  red  snow  of 
Alpne  regions  is  the  red  variety  of  both  these  species.    The  other  varieties  of 
ChlamydococcHM  have  been  more  widdy  described  under  ttie  title  <rf  Proto^ 
cocent,  and  those  of  a  red  colour  under  that  of  HcBmatocoecm,     Cohn  dtes 
two  prindpal  s3rnon3rms  fi>r  Chi,  pluviali$f  viz.  Hamiatoeoccus  pluvialis  and 
ChJamydoGBceuB  versatUia,  and  in  his  Monograph  on  l^us  organism  employs 
the  term  Protococcus  pluvialis,  dthough  in  a  subsequent  contribution  he 
adopts  Braun's  designation  as  employed  by  us.    The  many  modifications  of 
form  of  this  one  spedee  under  different  circumstances  of  devdopment  and 
bafaitot  have  recd>^  as  many  different  names,  from  the  noti<m  of  their 
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being  spedfieaUy  distinct.  Tliese  G<^  lun  p<Mnted  oat  in  his  essay ;  Imt  odIj 
ihat  pcntion  of  them  is  worth  dting  whioh  has  attracted  notice  in  vanoni 
works.  '<  Thus  the  still  Protococeui-o^  corresponds  to  the  P.  Ooeoama  (Eiiti.): 
when  the  border  becomes  gelatinoiis,  it  resembles  P.  puUher^  and  the  small 
cells  P,  minor.  The  encysted  motile  soospore,  on  the  other  hand,  is  the  Qyga 
OratMlum,  and  resembles  also  P.  turgidus  (E.)  and  perhi^  P.  venatUit 
(Braon).  The  zoospores  divided  into  two  most  be  regarded  as  a  form  of 
Gh^ges  hipartitus,  or  of  P.  dimidiatus,'*  A  red  variety  of  the  cell  was  de- 
scribed by  Girod  Chantrans  as  a  VoIwkc,  nnder  the  name  of  VoUfox  laeutin$i 
but  Perty  refers  it  to  Hcematoeocous. 

Chlamydogoccus  pkwiaUs, — Sufficiently  characterized  in  the  above  histoiy, 
Chl.  nivaiU, — ^UnsatiB&ctorily  disdngui^ed. 

Qenns  OKEOOOCCUS.— This  is  a  new  genus  suggested  by  Braun  (On 
B^uveneseenee,  p.  159),  who  thus  describes  it : — **  Ovate,  green  cells,  wiUi  a 
colouriess  point,  from  which  a  funnel-shaped,  lifter  space  extends  inwards ; 
a  rather  k^ge  veeide  also  is  formed  at  the  posterior  extremity.  Multiplica- 
tion by  simple  or  double,  in  the  latter  case  decussating  fission,  after  which 
the  cells  remain  loosely  connected  together  by  the  secretion  (k  soft,  gela- 
tinous, confluent  coats,  forming  globular  and  finally  amorphous  fsmiHes 
(dusters).  The  cells  of  all  the  generations  succeeding  each  oUier  during  the 
formation  of  these  &milies  (excepting  the  transitory  cells  in  the  case  of 
double  halving)  are  provided  with  two  very  long  persistent  cilia,  which  dis- 
appear only  when  divisicm  commences.  The  ceUs  exhibit  ^  feeble  motion 
inside  the  enveloping  and  connecting  jelly,  the  anterior  end  jerking  in  and 
out,  or  suddenly  retracting  a  httl^.  The  last  generation  of  the  fiunily  leave 
the  gelatinous  mass,  and  swarm  out,  to  settle  down  quickly  in  some  other 
place.  It  is  probable  that  the  formation  of  a  new  fEunily  is  preceded  by  s 
rather  long  state  of  rest — ^perhaps  there  are  several  resting  generations ;  bot 
we  have  no  observation  on  this  point."  A  red  spedc  is  not  perceptible.  Two 
species  are  named : — 

G.  mmor,  —  Perhaps  specifically  di- 
stinct Appears  in  the  springs  at  JPV«i- 
burg  early  m  the  year,  m  the  form  of 
hght-vellowish-gieen,  often  pear-shaped 
"  stocbs"  (masses),  almost  as  Isige  as  a 
hazd  nut  attached  to  the  sides  of  the 
matters  or  the  springs,  finally  becoming 
detached,  swimming,  and  shapeless.  The 
cells  are  somewhat  small,  1-100  to  1-75 
miUim.  long. 


Glcbococcus  mucosui. — The  full- 
ffrown  ceUs  are  1-60  to  1-60  millim. 
lonflr :  the  dusters,  forming  at  the  bottom 
of  little  ponds,  attain  me  sixe  of  an 
apple,  and  are  of  compressed  globular, 
often  lobed-shaped  form ;  but  at  length 
they  break  up,  and  come  to  the  surfiAoe  of 
the  water  in  irregular  fragments.  The 
gelatinous  mass  has  a  peculiar  greenish 
spotted  aspect^  which  depends  upon  sub- 
ordinate groups  of  generations  being 
more  dosdy  packed  together. 


Qenus  SPH/FiROSIBA. — ^Tail-like  process  absent;  eye-speck  and  fila- 
ment single.  Self-division,  unlikei  that  in  the  preceding  genera,  occurs  un- 
equally within  the  envelope,  and  forms  young  dusters  at  once  from  the  parent 
ones.  This  genus  differo  from  Pandorma  in  having  the  eye-spedc,  from 
Eudorina  by  its  imequal  mode  of  self-division,  and  frrom  Volvos  by  its 
simple  filament.  Self-division  in  these  creatures  takes  place  in  the  longi- 
tudinal direction,  in  paralld  planes ;  so  that  laminsa  are  produced,  as  in  ^ 
case  of  Oonium. 

Sphofrosira,  as  heretofore  remarked,  is  regarded  by  Prof.  Busk  as  a  doubtftil 
independent  organism ;  he  is,  however,  unable  to  speak  positively  on  this 
point,  and  therefore,  whilst  still  keeping  it  distinct  fiN>m  Volvox  Olobaior,  of 
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wbidi  be  had  aome  reaaooi  to  wappoae  it  a  peeaHar  mode  of  devek^pment, 
ranks  it  as  only  a  speoieB  of  VoUhkc,  instead  oi  eleTating  it  to  the  rank  of  a 
g^ennsy  and  calls  it  Volvax  Spharosira,  Bqjardin  also  denied  the  distinction 
drawn  by  Ehrenberg  between  Spfuenmra  and  VolvoXy  bat  did  so  from  mis* 
taken  yiews ;  for  he  represented  VoUhw  to  have  only  a  sing^  filament,  whereas 
both  this  and  Sphcerotira  ha^e  two.  ''  It  presents  the  appearance/'  says 
Mr.  Bosk  (if.  T.  1852,  p.  33),  <'<^  a  transparent  globe,  set  with  green  spots, 
bat  it  differs  fixmi  the  ordinary  yarieties  of  Volwox  Qhbator  in  two  important 
respects :  1,  in  the  absence  of  any  internal  globales  or  embryos ;  2,  in  the 
irregakr  size  of  the  green  grannies  lining  the  wall  which,  instead  of  being  of 
nniform  size,  are  of  yarioos  dimensions.  The  diffBrent-SLEed  granules  are 
irregularly  disposed,  although,  in  relation  to  the  sphere  itself,  they,  or  rather 
tiie  centres  of  them,  are  as  regularly  distributed  as  in  the  three  just-desciibed 
forms  (<^  Vnilwox).  What  is  rather  remarkable  with  respect  to  this  form  is 
the  drcumstance  that  the  larger  granules  are  not  disposed  over  the  whole 
periphery  of  the  sphere,  rarely  occupying  more  than  two-thirds  of  it  towards 
one  side."  Again,  he  adds — ''  The  smaller  ones  appear  to  resemble  in  all 
respects  those  of  Volvox  Olobator,  and  each  to  possess  two  dlia,  which  is  im- 
portant, if  true,  because  the  only  distinction  between  Volvow  and  Sphasronra 
in  Ehrenberg's  classification  depends  upon  the  drcumstance  that  in  Spha-' 
rotira  there  is  only  one  dhum  to  each  zoospore,  whilst  there  are  two  in 
Volvox. 

*'  My  supposition  that  8.  Vokox  and  V.  GMnUor  are  allied  is  founded,  it 
must  be  owned,  not  upon  any  direct  observation,  but  chiefly  on  the  feet  that 
in  the  water  in  which  the  specimens  of  VoUwx  were  contained  there  were  at 
first  none  of  Spharodray  any  more  than  of  V.  aureus,  and  that  after  some 
days  both  were  very  numerous.  The  difference  I  am  about  to  describe  in  the 
after-devek>|»nent  of  the  dHated  zoospores  is  not  by  any  means  a  suficient 
ground  upon  which  they  should  be  deemed  distinct  spedes,  because  much 
greats  differences  are  known  to  exist  in  other  oi  the  lower  AlgSB  during  their 
various  forms  of  development,  without  it  being  thence  allowable  to  suppose  that 
they  are  of  different  spedes.  In  Volvox  SpTuBrosira,  then,  as  at  all  events  it 
may  be  termed,  the  larger  green  granules  are  in  &ct  the  ciliated  zooq)ores  in 
a  state  of  further  progresdve  development.  In  the  same  specimen  they  will 
be  seen  in  all  states  of  division  or  segmentation, — ^first  into  two,  then  mto  four, 
and  so  on,  till,  as  in  the  case  of  the  embryo  VolvoXy  the  ultimate  result  of  the 
segmentation  constitutes  numerous  minute  ciliated  cells  or  bodies,  not,  how- 
ever, as  in  that  case,  lining  the  inner  surface  of  the  wall  of  a  spherical  case, 
but  forming  by  their  aggregation  a  discoid  body  in  which  the  separate  fdsi- 
form  cells  are  connected  together  at  one  end,  and  at  the  other  are  free,  and 
furnished  each  with  a  single  cilium.  In  this  stage  their  compoimd  masses 
become  free  and  swim  about  in  the  water,  constituting,  in  fact,  a  species  of 
the  genus  UveUa,  or  of  Synorypta  of  Ehrenberg." 

Mr.  Garter  afftrms  {A.N.H.  1859,  iii.  p.  4)  that  SpJujtrosira  is  not  a  distinct 
genus,  but  the  ''  spermatic  form  "  of  Volvox  GhbcUoTf  which  he  describes  as 
Dine  phase  of  development  of  this  spedes,  wherein  upwards  of  a  hundred  of 
the  gonidia,  scattered  over  ihe  periphery  of  the  primary  gemmas  of  the  parent 
globe,  divide  repeatedly  until  they  are  broken  up  '*  into  128  (?)  linear  coliated 
segments,  which  are  ultimately  arranged  verticdly  upon  the  same  plane,  in  a 
cireolar  tabular  group,  with  their  cilia  upwards ;  and  when  the  latter  are 
sofBciently  developed,  the  group  oscillates  and  rotates  by  their  aid  both  upon 
its  long  and  short  axis.  These  segments  are,  in  feu^t,  the  spermatozoids, 
each  of  which,  when  they  separate,  is  observed  to  be  linear,  horn-shaped, 
and  oolourless  anteriorly  (where  it  is  attenuated),  and  greenish  posteriorly. 
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provided  with  a  pair  of  cilia  which  are  attached  to  the  anterior  extremity, 
and  some  distance  behind  them  with  an  eye^spot;  their  progression  is 
Termicolar  from  their  extreme  plasticity,  and  they  keep  np  an  incessant 
flagellating  movement  with  their  cilia.  As  yet,  I  have  never  seen  any  ol 
these  free  in  the  daughter  bearing  the  spermatic  cells  when  the  former  has 
been  outside  the  parent;  nor  have  I  ever  seen  them  free  under  any  cir- 
cumstances, except  once,  in  the  old  Volvox,  when  the  daughter  containing 
the  spermatic  ceUs  from  which  they  had  been  developed  had  been  partly 
eaten  up  by  Botatoria. 

"  This  is  the  form  of  Volvox  Olobator  which  has  been  called  Sphosromra 
Vohox  by  Ehrenberg ;  and,  like  the  daughters  bearing  the  spore-cells,  it 
becomes  liberated  from  the  parent  before  the  spermatio  cells  attain  their 
ultimate  development,  that  is,  before  the  groups  of  ^permatoeoids  beoome 
separated,  not  b^ore  they  are  formed.  It  is  worthy  of  remark,  too,  that  the 
daughter  bearing  spermatio  cells  is  never  more  than  half  the  size  of  the  ^ore- 
beanng  daughter,  at  least  as  far  as  my  observations  extend. 

^<  Thus  we  have  the  spore-cells  and  the  spermatic  cells  in  c2i^<9rm<  daughters ; 
and  as  I  have  never  seen  them  together  in  the  same  daughter,  nor  the 
daughters  respectively  bearing  tham  in  the  same  parent  Volvox,  out  of  some 
scores  of  instances,  I  can  come  to  no  other  conclusion  than  that  the  two 
daughters  meet  after  they  have  left  their  respective  parents,  when,  both  the 
spores  and  the  spermatozoids  having  become  ripe  for  fecundation,  individuals 
forming  the  groups  of  the  latter  separate,  burst  from  their  capsules  into  the 
cavity  of  the  daughter,  and  from  thence  find  their  way  out  into  the  water, 
and  tkea  into  the  cavity  of  the  daughter  bearing  the  spore-cells,  where  they 
become  incorporated  with  the  latter. 

**  Hence  Volvox  Globator  would  i^pear  to  be  diodcious,  and  not  monoecious 
as  stated  by  Cohn ;  and  SpJugrosira  Volvox  not,  strictly  speaking,  another 
form  of  Volvox  Olobator,  but  the  spermatic  form.  Cohn,  considering  VoIvom 
Globator  and  Volvox  sUUattu  the  same  species,  has  taken  his  fecundating 
character  from  the  spermatic  form  of  the  latter." 

The  spermatic  groups  above  described,  Carter  subsequently  remarics,  con- 
stitute in  all  probability  Ehrenbeig's  genera  8ynen/pta,  Synwra,  and  Uro^ 
glema. 


SPHJEUOSiRA  Volvox,  —  Corpuscles 
pale  green,  of  neaily  a  globular  shape, 
enveloped  in  a  common  mantle.  £ye 
bright  red.  The  cluster  resembles  a 
great  ball  of  corpuscles,  containing  small 


compressed  clusters  within  it.  Found  in 
considerable  numbers  in  company  with 
Fokox  Olohaior,  and  often  attains  its 
sise.    Sometimes  ibund  by  itself 


Genus  VOLVOX  (XX.  32-47)  (Part  I.  p.  180).— The  genus  Volvox,  which 
is  the  type  of  the  fitmily  Volvocina,  was  instituted  by  linnseus,  and  promul- 
gated to  the  world  in  1758,  in  the  tenth  edition  of  his '  Systema  Naturae.'  As 
.first  described  by  him,  the  two  species  V.  Olobator  and  V,  Ch<tos  comprehended 
all  known  Infrisoria,  excepting  eleven  of  the  tribe  VorticeUa,  which  weate 
separated  from  them,  under  the  denomination  of  Hydra.  In  his  twelfth  edi* 
tion  (1766)  of  the  same  work,  he  distributed  the  Infusoria  into  four  ge&eia, 
viz.  VorticeUa,  Volvox,  Hydra,  and  Chaos. 

Volvox  is  characterized  by  tiie  aggregation  of  its  ceUs  or  gonidia  over  the 
internal  surfisice  of  a  transparent  lorica  or  common  envdope  cell,  of  the  fonn 
of  a  hollow  globe.  Each  corpuscle  or  gonidium  possesses  a  red  speck  and  two 
filaments,  which  protrude  beyond  the  surffuse  of  the  lorica  so  as  to  give  the 
whole  globe  the  appearance  of  being  covered  with  cilia.  The  mode  of 
increasing  by  a  sort  of  internal  gemmation  is  characteristic  of  the  genua. 
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Ih^ardm  wbb  muiUe  to  deteot  more  than  one  filament ;  but  Ehrenbergfs 
deeeription  of  two  is  now  amply  ocHToborated. 

The  strnctare  of  Vohtox  has  receired  the  careM  study  of  many  eminent 
micTOscopists,  who  have  been  compelled  to  di£fer  largely  from  Ehrenbei^  in 
their  aooonnts  of  it.  The  r^som^  given  in  the  general  history  of  Phytocoa 
renders  it  perfectly  unnecessary  to  repeat  in  this  place  the  particulars  of  the 
organization  of  the  members  of  this  genus  or  to  enter  into  the  discussion 
respecting  their  true  nature  as  organic  beings. 


& 


VoLVOX  Globaiar  (M.}  (rr.  82-47) 

Ju  180  H  seq,), — So  callea  from  the 
obular  figure  of  the  aggregate  mass  or 
colony  constituted  by  the  individual 
monadifonn  beings  or  gonidia.  When 
blue  or  red  colouring  matter  is  mixed 
with  the  water,  strong  currents  may  be 
observed  under  the  microscope  around 
each  globe,  which,  when  in  motion, 
always  proceeds  with  the  same  part 
foremost,  xx.  82  represents  a  large 
^be  with  eight  smaller  ones  (termed 
hj  Ehrenbeig,  sisters)  within  it.  xx.  84 
is  a  section  of  a  globe,  more  magnified. 
XX.  35  represents  three  gonidia  in  situ 
within  me  common  envelope.  In 
shallow  pools  of  dear  water,  in  spring 
and  summer.  The  largest  elobes  mea- 
sure 1-80"  in  diameter;  the  smalleet 
free  swimming  ones  1-800"  to  1-240". 
Sixe  of  a  single  corpuscle  1-8500". 

Ehrenberg  notified  the  peculiar  occur- 
rence of  livinjgf  Rotatona  within  the 
globes  of  the  Voirax  Globator,  Mr.  John 
Williams  has  conununicated  {T.  M,  8. 
1851,  ilL)  an  interesting  observation, 
confirming  Ehrenbeig*s  account. 

WiUiin  the  cavity  of  a  large  specimen 
of  this  species,  evidencing  its  usual 
vitality,  and  the  ciliary  movements  on 
its  emdbce,  he  noticed  a  very  active 
Rotifer,  which  he  believes  to  have  been 
the  Notommata  parasUiea,  and  which 
was  subsequently  accompanied  by 
another  of  the  same  species,  out  smaller. 
He  adds,  **  By  the  most  careful  examina- 
tion, no  opening  could  be  perceived  by 
which  they  could  have  been  introduced ; 
neither  did  there  apj>ear  to  have  been 
an^  viscera  by  which  their  motions 
might  be  impeded,  as  they  swam  about 
as  freely  as  fish  in  a  glass  globe,  to 
which,  mdeed,  they  bore  no  Cednt  resem- 
blance." 

The  two  following  species,  named  V, 
aureus  and  F.  steUatus^  are,  in  the  opinion 
of  Profe.  Busk,  Williamson,  and  terty, 
merely  developmental  phases  of  F.  Oto^ 
hator — F.  sUMotus  being  the  later  stage. 
*^  V.  awreui^  says  the  writer  first  named 
{op,  dL  p.  ^),^exhibits  precisely  the  same 
stmcture  as  F.  Ohbator,  the  only  appa- 


rent difference  between  them  consisting 
in  the  deeper  green  colour  of  the  intemid 
globes.  These,  however,  soon  exhibit  a 
more  important  distinctive  character,  in 
the  formation  of  a  distinct  cell-well  of 
considerable  thickness  around  the  dark- 
green  globular  mass.  This  wall  becomes 
more  and  more  distinct ;  and  after  a  time 
the  contents  change  from  dark  green  into 
a  deep  oranjg;e-yelk)w,and  simuUaneouflly 
with  this  change  of  colour  the  wall  of  the 
globule  acquires  increased  thickness,  and 
appears  double. 

**  The  third  form,  or  F.  stsOaius,  differs 
in  no  respect  from  ike  two  former,  except 
in  the  form  of  the  internal  globules, 
which  exhibit  a  stellate  aspect,  cawaea 
by  the  projection  on  their  surface  of 
numerous  conical  eminences  formed  of 
the  hyaline  substance  of  the  outer  wall. 
The  deep  colour  of  the  contents  of  their 
embryos,  and  their  change  into  an  orange 
colour,  at  once  point  out  their  dose 
analogy  with  those  of  F  aureus,  1  have 
no  doubt  of  their  being  mere  modifica- 
tions of  the  latter,  and  1  have  observed 
smooth  and  stellate  globules  in  the  in- 
terior of  one  and  the  same  parent  globe.'' 

Mr.  Garter,  however,  does  not  share 
this  opinion  with  reference  to  F  sUUatus^ 
which  he  treats  (A.  N.  H,  1859,  iiL  p.  5) 
as  a  distinct  species. 

These  extracts  from  recent  and  well- 
known  authorities  are  further  valuable 
as  supplying  an  explanation  of  Laurent's 
statements  that  two  sorts  of  reproduc- 
tive bodies  appear  in  the  globes  of  Vol^ 
vox.  Little  weight  is  atuiched  to  this 
gentleman's  microscopical  researches, 
which  are  mostly  ideal 

V.  aureus, — Green,  nearly  globular. 
The  small  secondary  globes  witmn  them 
are  of  a  golden  colour,  and  smooth  sur- 
face. In  rain-water  standing  on  turf 
Diam.  of  globe  1-80". 

F.  steUatus, — Small,  subglobose,  some- 
times oblong,  or  of  an  angouar  form,  and 
green  colour.  The  contained  globes 
within  them  are  of  a  green  colour,  and 
have  their  sur&ces  tuberculated  or  stel- 
lated.   Diam.  of  globe  1-80". 

Carter,  who  accepts  this  species,  de- 
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scriBes  it  in  the  fc^lowing  woids,  uma 
the  quaint  terms  '' dimghten ''  ana 
'^grand-daughters"  for  the  "primary" 
and  "  seconouAry  "  ffenerations  or  ffemmsB 
of  the  parent  glooe  of  the  Volvox: — 
**  Adidt  /brm.— XJlobular,  slightly  ovoid, 
consisting  of  three  generations  or  funiliee 
within  one  another ;  containing  ^^lerally 
eight  daughters,  in  each  of  wmch  there 
are  generally  eight  grand-daughters  m- 
dutmctfy  Tieoble.  Imughters  confined  to 
the  posterior  three-fourths  of  the  sphe- 
roid, the  anterior  fourth  being  empty. 
Proffressing  with  the  empty  end  for- 
waras.  Daughters  rotating  (this  marks 
the  adult  form  here  also)  m  their  cap- 
sules respectively,  which  are  fixed  to  the 
internal  periphery  of  the  parent  Grand- 
daughters small  and  indistinct,  motion- 
less, and  fixed  to  the  intemalperiphery 
dT  the  daughters  respectively.  Peripheral 
cells  conical  and  biciliated,  not  unicuiated 
as  figured  by  Ehrenberg.  60-1880"  long 
and  54-18^'  broad." 

In  his  subsequent  remarks,  he  makes 
it  the  specific  point  of  difference  between 


the  primanr  gemnus  <^  this  V.  stMdrn 
and  V.  QhicSor,  that  those  of  the  former 
begin  to  undergo  duplicative  subdivision 
almost  immediately  after  they  appear,  or 
"  at  the  time  when  they  do  not  exceed 
three  times  the  diameter  of  the  peri- 
pheral cells,"  or  1-2700",  instead  of  "not 
passing  (as  in  F.  OiobtUor)  into  small 
cdls  until  they  have  arrived  at  more 
than  the  1-300"  in  diameter."  He  also 
alludes  to  differences  between  them  two 
species  in  the  form  of  the  spermatozoids 
and  the  mode  of  fecundation.  We  ven- 
ture to  remark  that  if  these  latter  par- 
ticulars are  sufficient  to  indicate  specific 
differences,  it  is  not  so  with  the  size  of 
vegetable  cells  at  which  fission  may 
commence.  The  history  of  all  the  sim- 
plest cellular  organisms  we  know  of 
shows  tiiat  the  period  of  cell-life,  and 
therefore  the  dimensions  of  the  c^ls  at 
which  it  occurs,  stands  in  no  constant 
relation  with  the  act  of  fission.  The 
size  of  a  cell  and  the  proclivity  to  fission 
depend  much  on  external  conditions 
arocting  its  vital  activity. 


The  following  genera  are  distingniahed  by  Perty : — 

Genus  SYNAPHTA  (Party).— Corpuscles fromlO  tol2,  aggregated  together 
within  a  spherical  gelatinous  envelope,  in  mutual  contact,  so  as  to  form  a 
compact  mass.  The  corpuscles,  each  furnished  with  a  single  filament,  are 
not  spherical  but  angular  and  wedge-  or  pear  shaped,  wiUi  the  wide  end 
turned  towards  the  pheriphery.  In  very  exceptional  specimens  the  gonidia 
are  somewhat  separated  from  each  other.  Length  of  filament  equal  to,  or 
IX  the  diameter  of  the  corpuscle,  and  very  fine.  The  relation  between 
Chnium  and  Pediastrum  has  been  noted  by  Cohn  and  other  observers ;  but 
that  between  this  newly-constituted  genus  of  Perty  and  the  second-named 
group  is  much  more  striking,  whether  the  description  given  or  the  illustrative 
figures  be  considered;  indeed  the  impression  forces  itself  upon  us,  that 
Synaphia  is  simply  a  form  of  Pediastrum.  This  impression  is  moreover 
strengthened  by  the  fact  mentioned  by  Perty,  that  tlie  movement  of  the 
(Hrganism,  and  the  fine  filament,  disappear  as  the  oiganism  advances  in  age 
and  dimensioiLs. 


Synaphia  Dujardinu  (Perty). — Cor- 
puscles dear  pe&n  to  dark  or  blackish 
green,  measurmg  within  the  enclosing 
envek)pe  1-1800^  to  1-860",  more  com- 
monly fipom  1-720"  to  1-480".  Move- 
ments torpid  or  tolerably  quick,  around 
o^^  or  other  axis,  always  oscillating. 
The  filaments  are  only  visible  when  the 
spherical  colony  is  at  rest  The  radi- 
ating grouping  of  the  individual  gonidia 
is  not  completely  symmetrical;  some- 
times the  spherical  figure  is  exchanged 


for  an  ellipsoid.  The  gelatinous  envelope 
varies  in  breadth,  is  dear  and  trans- 
lucent^ rardy  having  a  red  blush  under 
the  microscoj^  and,  in  large  specimens, 
frequentlv  divided  byfine  unes  into 
two  or  three  hdos.  when  dying,  the 
several  corpusdes  detach  themsdves,  and 
after  death  do  not  undergo  diffluence, 
but  turn  yellow  and  ultimatdy  dissdve 
away.  Frequently  a  ffreen  granule  is 
visible  internally,  and  a  scucdy-dis- 
cemible  ted  point 


Genus  HTRliXDIUM  (XIX.  15)  (Perty).— A  chain  of  from  4  to  8,  very 
small  rounded  corpusdes  of  a  pale  green  colour,  surrounded  by  a  gdatinoos 
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^nydope.  This  genus  appears  to  us  very  erroneously  referred  to  the  Volyocina ; 
^ut  tiie  figures  given  are  not  sufSicient  to  determine  to  what  fEunily  thej  more 
i^Uy  belong. 


HmMmiUM  mane  (xix.  15). —  Gor- 
(Mifidee  irregolarly  spherical,  almost  cup- 
ihi^>ed,  and  probably  fiiniished  each  with 
two  filaments.  Some  veiy  fine  moleculee, 
Due  geneiallyof  a  hark  hue,  perce|>tible 
inteniall^r.  The  chain  advances  quickly 
by  revolving  on  its  long  axis ;  gelatmous ; 


common  envelope  inconspicuous.  Length 
of  chain  l-d6(r ;  size  of  individual  cor- 
puscles 1-1900".  From  its  smallness,  this 
organism  is  difficult  of  observation,  and 
requires  further  investigation.  Only  in 
small  numbers,  in  some  ponds  in  the 
canton  of  Bern. 


WemedL  characterised  several  new  genera,  which  he  referred  to  the  Poly- 
gastrica  of  Ehrenberg  (MoncOsb.  der  Berl.  AJcad.  1841,  p.  377),  two  of  which 
are  to  be  inserted  in  this  fieunily,  as  allies  of  Pandwinay  and  are  very  briefly 
chaiaoterixed  under  the  names  of  Cdlia  and  SUphanoma : — 

GALIA. — ^Monads  imbedded  in  a  gelatinous  mass,  affixed  to  plants,  and 
not  swimming  freely  about.  Two  spedee  are  known ;  the  characters  not  given. 
Ihis  gsnus  is  very  probably  nothing  more  than  one  of  the  simple  Alg». 

BTEPBASOMA^ Pandorina  with  a  single  zone  of  oorpusdes,  which  divide 
like  the  cells  of  Oimium.  One  species  observed  exhibiting  a  circlet  of  sphe- 
rules united  to  fcvm  a  wreath  or  zone.  This  genus  is  probably  the  same  as 
St^^htmoiphagra  (QakoL,  A.  N.  H.  1852,  p.  407). 

Genus  STEPHANOSPH^RA  (Cohn)  (XIX.  38-58).— A  family  of  cells, 
rotating  and  moving  throughout  life;  composed  of  eight  green  primordial 
cells,  each  bearing  two  active  cilia ;  arranged  at  equal  distances  in  a  drcle^ 
wdoeed  in  a  common  hyaline  globose  vesicle,  or  common  envelope;  pro- 
pagated both  by  macrogomdAa  (originating  from  eightfold  division  of  each  of 
the  green  cells),  which  bear  two  cilia,  and  are  congregated  into  eight  octonary 
families,  and  by  very  numerous  smaller  microgomdia  (produced  by  multifold 
division),  revolving  at  first  within  the  common  vesicle  by  the  action  of  foyr 
dliOf  and  then  escaping  singly. 


Stbfhamosf&sba  pUmaUe. — Ghreen, 
cdk  globose^  elliptical,  or  ftisiform,  often 
nuuiing  out  into  mucous  rays  at  both 
ends.  Diameter  of  the  ceUs  3=  l-ddOth  to 
l;180th  of  a  line  (0-0065  to  0012  mm.) ; 
diameter  of  conunon  vedde  s  l-80th  to 


l-40Ui  of  a  line  (0-028  to  0*065  mm.). 
Revives  after  desiccation.  Inhabits 
hollow  stones  filled  with  rain-water,  in 
company  with  Chlamydococcus  pluviaHs : 
Salzburg,  Wemeck?*,  Zamora,  A,  von 
Frantxim ;  Hirschberg,  Von  Ilotow, 


Br.  Strethill  Wright  has  met  with  StepTianoaphcera  in  Scotland. 

FAMILY  v.— VIBRIONIA  (see  p.  184). 

(XVni.  57-69.) 

AocoftDnro  to  Ehrenberg,  the  members  of  this  family  are  distinctly  or  ap- 
parently polygastrie,  but  without  a  true  alimentary  canal;  have  neither 
q>pen(kiges  nor  lorica,  and  are  incapable  of  changing  the  form  of  their  body. 
Thej  are  linked  together  in  thread-like  chains,  formed  by  their  imperfect 
transverBe  self-division.  Information  respecting  the  Vibrionia  is  very  im- 
perfect ;  tins  is  attributable  to  the  exceeding  minuteness  of  the  individual  ani- 
malcules which  compose  the  chains.  These  last  have  never  any  determinate 
length,  or  number  of  component  corpuscles,  and  they  are  sometimes  so  short 
•8  to  be  made  up  of  not  more  than  two  or  three  incUviduals,  which  are  only 
distinguishable  from  Monas  Termo  and  M.  Crepuecidum  by  their  union  in 
chains,  and  by  their  peculiar,  though  not  easily  characterized  movements. 
The  motion  of  the  phains  is  generally  of  a  writhing  character.    In  one  genus 
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(Baeterivm),  a  single  yibratory  flkment  la  present.  In  this  same  g^ins  the 
individuals  are  strung  more  tightly  tc^iether,  so  that  the  filiform  cluster,  not 
being  able  to  exert  the  writhing  movement  seen  in  the  true  Yibrionia,  moves 
rigidly  in  a  direct  course.  In  SjpiriUuni  the  articulations  or  lines  of  impeifet^ 
fission  are  oblique;  henoe  increase  in  length  by  division  engenders  a  q^iral 
chain. 

The  animals  of  this  femily,  says  Dujardin,  *^  are  ihe  first  Infusoria  which 
present  themselves  in  all  infiisions,  and  those  which  from  their  extreme  small- 
noss  and  the  imperfection  of  our  means  of  observation  must  be  considered  the 
most  simple ;  ....  and  it  is  only  their  more  or  less  active  movements  which 
lead  to  their  being  regarded  as  animak.  I  have  been  sometimes  induced  to 
believe  that  a  fia^Uiform  filament,  analogous  to  that  of  Monads,  or  rather  a 
spiral  undulating  one,  exists,  and  that  this  is  the  cause  of  the  peculiar  mode 
of  locomotion.  Is  the  BacUrium  trUooulare,  described  by  Ehrenbeig  as  having 
a  proboscis,  a  true  Vibrio  ? 

*'  All  that  can  be  with  certainty  predicted  respecting  their  oiganication  is 
that  they  are  oontractile,  and  propagate  by  spontaneous  fission,  often  imperfect, 
and  hence  giving  rise  to  chains  of  greater  or  less  length." 

As  stated  in  our  general  history  of  the  family  (p.  184),  the  present  tendency 
among  naturaUsts  is  to  refer  Vibrionia  to  the  v^etable  kingdom.  Gohn 
assigns  them  a  place  in  the  fiEunily  Mycophycen  among  the  miorosoopic  aquatic 
Fungi.  Perty  retains  them  in  his  group  Phytozoida,  expressing  at  the  same 
time  his  conviction  that  they  are  of  a  vegetable  nature.  Indeed  the  only 
reasons  advanced  by  Ehrenberg  in  support  of  the  animality  of  Vibrionia  are, 
that  they  are  actively,  and,  to  his  apprehension,  volxmtarily  moving  beings, 
and  multiply  by  self-division, — ^reasons  which,  in  the  present  state  of  know- 
ledge, must  be  held  worthless.  A  re-examination  of  all  the  enumerated 
species,  as  Cohn  remarks,  is  imperatively  necessary  before  we  can  oome  to 
any  safe  conclusions  relative  to  the  true  structure  and  affinities  of  the 
Vibrionia ;  and  this  same  able  observer  has  himself  set  the  example  by  con- 
ducting such  an  examination  of  one  species  as  to  clearly  indicate  its  phjrsio- 
logioal  characters  and  its  relation  to  FalmeUa  and  Tetratpora  among  the 
Algee,  and  more  particularly  to  SphcBrotilus  among  Mycophycece. 

The  Vibrionia  are  developed  with  extreme  rapidity  in  all  liquids  containing 
changed  or  decomposed  organic  substances,  in  animal  fluids — the  saliva,  serum, 
urine,  &c.  When  colouring  matter  has  been  mingled  with  the  water,  its 
imbibition  by  the  corpuscles  has  never  been  observed. 

This  family  is  distributed  by  Ehrenberg  as  follows : — 

Articulated      tfareadB      (clusters)  r  Inflexible Baoteriimu 

stanught,  the  transrerse  divisioiis] 

being  rectangular  [^  Flexible,  like  a  snake Vibria 

Articulated  threads  spiraUy  twisted  r^'^^  ^lirochieta. 

(like  a  bell-spring  or  cork-screw),  J 


the   transYorse   divisions    being*] 
oblique    ! 


V  Inflexible...' 


On  this  subdivision  of  the  family  Vibrionia,  Cohn  {EiUw,  p.  117)  has  ex- 
pressed himself  very  strongly.  He  says,  "  An  inextricable  oonfusicMi  prevails 
when  specific  characteristics  are  attempted :  we  have  tiie  observations,  good 
and  bad,  of  various  authors,  weak  and  strong  ampHflcation  of  the  ohjeots, 
young  and  old  conditions  commingled  without  any  critical  endeavour  to 
distuiguish  between  them."  Feeling  that  there  is  no  sufficient  basis  for  it, 
Cohn  does  not  attempt  a  classification  of  the  Vibrionia.     The  Monas  Lineola 

Digitized  by  VjOOQ IC 


OP  THB  TIBklOiriA.  531 

(E.)  or  Baeterimn  Termo  (Baj.)  is,  according  to  his  well-oo&ducted  invostiga- 
tionsy  no  other  than  the  swarming  stage  of  a  microsoqnc  aqnatic  fongos 
belonging  to  the  Mycophycen,  of  which  he  makes  a  new  genus,  named 
Zoogloea :  again,  Spirochcgta  pUcatHis  is,  in  his  c^vinion,  an  Alga  of  the  genus 
^pvrmUMry  and  the  stiff  Vibrios  allies  at  least  of  the  OsdUarisea,  of  the  genns 
BeggiaUM ;  Uie  shorter  Vibrios  and/SJpfril^a  likewise  resemble  Osdllaiisa  and 
BpiruUna, 

Should  Cohn's  opinions  be  confirmed,  the  Vibrionia,  as  a  distinct  famOy, 
would  be  well  nigh  broken  up.  In  &ct,  his  views  are  generally  aooeded  to ; 
for  F^rty,  Burnett,  and  others  all  pmnt  out  their  peculiar  affinities  with  the 
Osdllaiise,  and  discoTcr  similar  forms  among  Hie  transitional  phases  of  Tarioos 
Alge,  and,  indeed,  among  the  antheridial  spores  of  higher  planteu  The 
value  of  Spirodiieus  as  a  genus  is  littie  insisted  upon  \ij  Ehrenberg,  who 
instituted  it ;  and  ia  all  probability  it  should  be  set  aside,  and  SpiroehcBta  also 
be  sacrificed  with  it.  The  only  species  of  Spirodiscus  named,  Perty  surmises, 
might  have  been  nothing  more  than  the  lipore  of  a  fungus.  Dr.  Burnett  has 
expressed  himself  as  foUows  to  the  same  e£^t ;  for  he  observes,  "  When  we 
come  to  organisms  as  minute  as  these,  the  distinguishing  characteristics  oi 
genera  and  species  become  too  obscure  and  equivocal  to  have  much  value ;  and 
the  best  microscopists  have  arrived  at  the  conclusion  that  such  distinctions 
are  too  refined  and  will  not  bear  the  test  of  experience. 

"  Hie  genus  Vihrio — the  simplest — I  regard  as  the  first  appearance  of  the 
young  Alga,  existing  then  as  ihe  smallest  cells,  arranged  in  linear  series. 
The  genera  SpiriUum  and  Baetenwn^  composed  of  larger  forms,  and  of  a  finer 
and  mofe  solid  structure,  represent  the  more  advanced  forms ;  and  as  all  Alg», 
as  they  advance  in  size,  tend  to  consolidate  into  mycodermous  forms,  losing 
much  of  their  primitive  cell-structure,  so  these  two  genera  ^pear  to  have  lost 
their  old  beaded  type.  As  for  the  two  remaining  genera,  Spirochceta  and 
Spirodiseus,  but  little  is  positively  known.  They  acajx^ely  appear  to  belong 
to  the  other  forms  of  this  fiimily ;  and  as  £hrenberg  himself  has  expressed  a 
doubt  upon  the  subject,  one  may  as  wdl  omit  a  forth^  notice,  llierefore, 
in  a  structural  point  of  view,  the  species  of  this  fomily  seem  to  be  only  Algffi 
at  different  stages  of  growth.'^ 

Dujardin  iustituted  only  three  genera  of  Vibrionia,  viz. :  1.  BaeUnum — 
straight,  slightly  flexible  threads,  more  or  less  distinctly  jointed,  and  slow  in 
tiieir  movements ;  2.  Vibrio — either  straight  or  fiexuose,  with  a  more  or  less 
vivacious  writhing  movement ;  3.  SpiriUwm — ^having  the  form  of  a  corkscrew, 
revolving  on  their  long  axis,  oftentimes  with  great  rapidity,  but  never  straight. 
P^ty  has  made  a  more  ambitious  attempt  to  classify  these  minute  organisms ; 
of  its  utility,  however,  little  can  be  said,  for  our  acquaintance  with  them  is  too 
imperfect  to  establii^  satisfactorily  any  distribution  of  them.  To  resume : 
POTty  makes  a  section  of  his  heterogeneous  group  Phytozoida,  which  he  calls 
Lampozaidta,  represented  by  the  one  family  "  Vibrionida."  The  "  Lampo* 
zoidia  ''  are  defined  as  "  colourless,  or  rarely  blue,  yellow,  or  red,  never  green, 
organifflns,  vrithout  special  organs,  and  with  scarcely  a  trace  of  differentiation 
of  substance.  Their  motions,  though  seemingly  voluntary,  are  in  fsict  only 
automatic.  They  multiply  by  transverse  fission,  and  in  so  doing  produce  chains 
and  fibres."  Ot  the  family  Vibrionida,  two  varieties  are  distinguishable : — 
A.  SpiriUina,  in  which  the  chain  or  fibre  is  spirally  coiled ;  B.  Bacterina,  in 
which  it  is  contorted  or  straight.  SpiriUina  contains  two  genera,  Spirochasta 
and  SpiinUum ;  whilst  Bacterina  is  made  up  of  four,  viz.  Vibrio,  Bacterium, 
Meiallaeter,  and  Sporonema,  The  new  genera  named  will  follow  after  our 
acGoiint  of  those  reoogmzed  by  Ehrenberg,  and  the  notes  on  the  others  in 
their  pr^>er  fdaces. 

2  M  ^ 
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Oenns  BACTEEIUM. — ^Vibrioma  distinguished  by  the  oorpnsdes  bdng 
oonneeted  together  in  a  thread-like  more  or  less  rigid  or  inflexible  chaiH,  and 
by  multiplying  by  transverse  self-division  at  right  angles  to  the  chain. 

The  tlu^ee  species  known  are  colourless,  and  extremdy  minute.  Ehrenb^ 
remarks  ^'  that  only  one  of  the  species  has  been  satis&ctorily  determined, 
and  that  their  organic  relations  are  altogether  so  obscure,  that  our  judgment 
respecting  them  must  unavoidably  be  left  in  a  fluctuating  state."  In  B. 
triloculare  a  vibratory  proboscis,  a  granular  mass  within  the  body  of  the  crea- 
ture, and  spontaneous  division  are  discoverable.  All  the  species  enjoy  an 
active  power  of  locomotion.  Perty  sa3rs  that  he  is  unacquainted  with  the 
species  of  Bacterwm  enumerated  by  £hrenbeig. 

A  magnifying  power  below  500  diameters  wiU  not  exhibit  the  divisions 
or  transverse  luies  between  the  individuals  or  links  of  the  wand  or  cham. 
Bacterium  occurs  around  decomposed  vegetable  matter,  on  the  surfEioe  of  water 
containing  Chara,  Sec, 


Baotbbium  trUocudare,  —  Chain  in 
the  fonn  of  short  cylindeis  of  from  two 
to  "five  oval  corpuscles,  and  ffenerally 
about  three  tunes  as  long  as  tneir  dia- 
meter: transverse  junction-lines  distinct 
Ehrenoerg  has  observed  not  more  than 
five  links  together,  nor  less  than  two. 
**By  throwing,"  he  adds,  "a  little  colour- 
ing matter  into  the  water,  an  evident 
vibration  may  be  perceived  near  the  an- 
terior portion  of  tne  corpuscle  or  of  the 
chain ;  and  upon  a  veiy  close  inspection 
a  simple  filiform,  though  short,  proboscis 
may  be  seen,  whidi,  in  the  la^r  speci- 
mens, is  one-third  the  length  ofthe  body, 
and  in  the  smaller,  one-half."  The  motion 
of  this  creature  is  tremulous,  or  slowly 
revolving  upon  its  longitudinal  axis. 
In  the  water  of  bogs.  Length  of  chain 
1-4800"  to   1-2304"  J   single   corpuscle 


1-11620"  (xvra.  67).  Group  67  repre- 
sents several  of  them  \  two  towards  the 
rijB^t  are  magnified  1000,  the  others  280 
diameters. 

B.  EruMffs,  —  Chain  c(miposed  of 
somewhat  mdistinct,  colourless,  oval 
corpuscles  united  in  smaller  cylinden 
than  the  preceding;  transverse  lines 
funtly  marked.  In  river  water.  Leurth 
of  chain  1-2880". 

B.  Rmctum» — Chain  cylindrical,  com- 
posed of  indistinct^  colourless,  globose 
corpuscles  \  much  smaller  than  &e  pre- 
ceding species;  transverse  lines  fidntly 
mark^.  In  water  wherein  bread  his 
been  steeped.    Length  of  chain  1-4083^. 

B.  Ckamula  (D.).— Filiform,  cylindri- 
caL  Len^  of  individuals  1-8600"  to 
1-6600";  3,  4,  or  6  are  united  together, 
forming  a  chain  1-1300"  in  length. 


Genus  VIBRIO. — Characterized  by  the  corpuscles  being  connected  togeth^, 
through  incomplete  self-division,  in  filiform  flexible  chains  resembling  in 
miniature  the  figure  and  movements  of  a  snake.  Junction-lines  at  right 
angles  to  chain. 


VrBMO  lAnecla  {Bacterium  TermOy 
Duj.)  ^xvni.  69).  —  Forms  a  minute 
cylmdnoal  and  slightly  flexible  wan^ 
rounded  at  both  ends;  separate  cor- 
puscles somewhat  indistinct,  of  nearly 
globular  form,  and  colourless.  Conmion 
in  vegetable  uxfusions,  especially  around 
the  stalks  of  flowers  in  classes,  and  in 
foul  ponds.  Length  of  wand,  from 
1-3600"  to  1-200".  Thickness  1-3600". 
Both  Cohn  and  Perty  join  in  the  use  of 
Dujardin's  name  for  this  species,  and  in 
representing  Ehrenberg  as  in  error  in 
identifving  and  fixing  its  characters  (see 
genus  Zooolcba). 

V,  tremulans. — Wand  short;  stouter, 
yet  more  flexible,  than  the  preceding; 
articulations  of  an  oblong  form,  not 
distinct      In  wat»  emitting   a  disa- 


greeable odour.  Length  of  wand  1-3600". 

V.  subtiiis. — Wand  slender  and  elon- 
gated ;  colourless ;  articulations  distinct ; 
motion  sli^htiy  vibrating,  without  vary- 
ing the  direct  position  of  tiie  articula- 
tions. Length  1-460";  thickness  1-24000". 
Perty  says  this  species  is  only  a  vaiietv 
of  v.  (MetaUacter)  BacHlus, 

V.  Buaula (Vibrio  Buguia,  M.)  (xvra. 
64).— Wand  elongated ;  stouter  than  the 
preceding;  articulations  distinct;  and 
colourless  j  motion  brisk  and  senentine ; 
common  m  infusions  and  fouj  wat». 
Length  1-680";  thickness  1-19000". 

V. /woi^cr.— Wand  short,  stout,  and 
colourless;  articulations  distinct  Mo- 
tion slow  and  tortuous.  In  infiisicHi» 
where  mildew  is  present    1-1100". 

V.  BacUha  (hi^=Mkallacier  BaeOhs 
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(Perty). — ^Wand  stooty  elon^ted,  and 
transpaient ;  articiilatioiia  distinct^  or  be- 
come so  when  dried;  motaon  serpentine; 
form  straight  when  quiescent  (xvni.  62). 
In  vegetable  infusions  and  fetid  water. 
LeMth  1-200";  thickness  1-17200". 

\T  st/nxanthu8,  — ^Wands  (bacilli)  very 
fine  and  short,  rather  flexuose,  rarely,  of 
more  than  five  segments  (individoals), 


yellow  and  minute.  Corpuscles  1-70000" 
to  1-52000".  In  decomposing  cow*s- 
milk,  in  which  it  produces  a  yellow  tint. 
V.  »t/neifamt$, — Wands  very  slender 
and  short,  somewhat  flezuosoy  of  sddom 
more  than  five  segments,  veiy  smaU,  and 
of  a  blue  colour.  1-78000"  to  1-52000". 
Also  found  in  cow's-mHk,  in  which  it 
produces  a  decide  blue  shade. 


The  following  species  are  from  Bujardin's  work : — 


V.  serpens  (M.). — ^Body  very  long,  fili- 
form, undulating,  generally  pursmng  a 
lecdlinear  course,  with  from  ten  to 
fifteen  bends  in  its  lengOi.    1-1060". 

V.  ambiffuus, — ^Under  this  name,  Du- 
jardin  describes  a  VSnio  with  stiff  fiU- 
fiirm  joints  Hke  those  of  V,  BacUUiSy  but 
much  laxger  (xvnL  60).  Four  or  five, 
or  even  more,  were  articulated  together; 
owin«^  to  the  large  dimensions,  eadi  joint 
could  be  seen  composed  of  a  resistant 


tube,  in  which  a  glutinous  substance  was 
more  or  less  closely  packed.  Moreover, 
a  bifurcation  at  the  extremity  of  a  joint 
was  sometimes  seen  to  occur,  giving  rise 
to  two  rows  of  branching  chuns,  of  more 
or  lees  length. 

Such  observations  tend  to  render  the 
animality  doubtful,  not  only  of  this 
Vtbrioy  but  also  of  the  similar  but  smaller 
V.BaciOm. 


Gefntis  SPIROCHiETA. — Chains  spiral,  filiform  and  flexible,  lengthening 
by  the  imperfect  or  incomplete  mode  of  self-division.  The  details  of  oiga- 
nization  are  at  present  unknown.  Dojardin  does  not  admit  this  as  a  genus 
distinguishable  frt>m  Spirillum;  and  Cohn  is  unable  to  discover  any  sof- 
ficientiy  distinctive  characters  between  this  and  the  acknowledged  vegetable 
genus  Spirulina.  Spirochceta  moves  with  an  immense  activity,  surpassing 
what  is  observed  in  the  recognized  species  of  SpiruMna ;  but  ^lis  diffBrence 
is  not  sufident  to  separate  the  two  generically.  SpiruUna  pUecttilis  is  fignred 
(XVm.  67,  68).  Cohn  moreover  inclines  to  the  opinion  that  Spirvlinaf 
Spirocfugta,  and  Spirillum  are  members  of  one  common  group  of  oiganisms  of 
a  vegetable  nature.  The  distinctive  feature  between  SptriUwn  and  SpirvUna 
is  tiie  small  number  of  corpuscles  found  united  in  the  chains  of  the  former 
compared  with  the  latter. 

^piKOCJiMTKplicatUis  (  Vibrio  serpens^ 
M.)  (xvni.  63). — Corpuscles  very  deli- 
cate, nearly  ^lobular,  connected  together 
in  a  long,  miform,  spiral  chain,  h&ving 

Genus  SPIRILLUM. — ^Developes  in  the  form  of  tortuous  diains,  or  of 
inflexible  and  cylindrical  ^irals.  The  iuoomplete  self-division,  which  is 
oblique  in  direction,  produces  the  characteristic  coiling  of  the  chain.  Motion 
brisk  and  energetic. 


numerous  and  closely-arranged  coils; 
colourless.  At  Tilbury  Fort  Length 
of  chain  1-170"  to  1-440";  thickness 
1-12000." 


Spcbillttm  ienue, — Spiral  of  three  or 
four  coils,  constituted  of  very  slender, 
sUffhtly  bent  colourless  fibres;  articu- 
lations distinct  In  vegetable  infusions. 
Loigth  about  1-900";  t£ickness  1-1200". 

S.  Undula^Vibrio  UnAOa,  M.)  (xviii. 
5&-61). — Spiral  of  one  turn  and  a-half ; 
corpuscles  short,  stout,  and  much  bent ; 
articulations  distinct ;  colourless ;  when 
dry,  the  articulations  are  more  distinct 
In  stagnant  water  having  a  mildew 
scent  Length  about  1-1600" ;  thickness 


1-20000".  This  species,  Perty  remarks, 
frequently  grows  so  as  to  form  clusters 
or  masses  which  are  motionless,  and, 
like  all  the  rest  of  the  Vibrioniay  never 
produces  true  vegetable  fibres. 

S.  vohOana  (  VOnio  SinriUum.  M.).— Of 
three,  four,  or  more  coils;  nbres  very 
tortuous,  long;  and  stout;  articulations 
distinct ;  colourless.  In  vegetable  infu- 
sions. Length  of  spiral  1-2200"  to 
1-600" ;  thiclmess  1-14400". 
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Perty  adds.the  following  species : — 

S.  tt^um, — Has  the  figure  and  size  of 
S,  UfuMOf  but  is  of  a  red  colour.  No 
articulation  disooverable.  In  pond-water 
about  B&m,  which  had  oeen  kept 
several  weeks.  The  claim  of  Uiis  to  be 
considered  a  distinct  species  is  highly 
doubtful ;  for  its  only  assumed  charac- 
teristicy  Tiz.  its  red  colour,  is  of  no 
weight,  being  in  the  Phytozoa  generally 
a  yariable  condition*  due  to  chemico- 
vital  chan^  in  the  organisms^  and 
ephemeral  m  duration. 

a  (P)  Bryotoon  (Unffer)  rxvn.  520- 
531). — Coils  consist  of  a  thick  body, 


with  a  delicate,  wavy,  hair-like  proboscis. 
These  creatures,  found  in  the  reproduc- 
tive organs  of  plants,  were  called  oy  their 
discoverer.  Dr.  Unger  of  Gratz,  sj^ermatic 
animalcules,  and  are  described  in  detail 
in  the  EegenBbwger  BoUm,  Floroy  1834; 
and  also  in  the  18th  voL  of  tbe  Nova 
Acta  Nat.  Oir.,  Bonn,  183a  A  con- 
densed view  of  this  subject  is  given  by 
Dr.  Meyen  in  the  JahreAeriM  for  1838, 
from  which  the  appended  translation  is 
made.  The  acoompan^dnfif  illuatrations 
(xvn.  520-531)  were  kmdly  supplied  by 
Dr.  Unger  lor  this  work. 


'*  The  spermatie  animalcules  in  Sphagnum  consist,  aooording  to  the  earlier 
observations  of  Unger,  of  a  thick  body,  and  a  thin  filiform  tail ;  wh^i  in  motion, 
this  tail  being  anterior,  ho  considers  it  analogous  to  the  proboscis  (filament) 
of  many  of  the  Infusoria.  No  true  active  motion  of  the  body  itself  has  been 
observed  by  Unger ;  but  he  distinguishes  between  the  mere  locomotive  and  the 
rotary  movements  of  the  whole  animalcule.  The  simplest  motion  takes  place 
in  a  spiral  direction ;  and  if  the  proboscis  is  contracted,  the  movement  is 
simply  rotary.  During  the  locomotion  of  the  creature,  which  proceeds  in  a 
spiral  manner,  Unger  saw  from  one  to  three  revolutions  of  the  body  in  a  second ; 
and  during  rotation  he  noticed  the  p(Mnt  of  the  proboscis  to  bo  in  a  oontinnal 
state  of  tremor.  Unger  endeavoured  to  show  that  the  spermatio  animalcules 
of  the  mosses  are  analogous  to  the  spermatic  animalcules  of  animal  organisms, 
although  we  find  certain  features  in  the  former  not  seen  in  the  latt^,  and 
which  may  somewhat  embarrass  their  classification,  the  chief  of  which  are 
the  steadiness  of  the  spiral  direction  of  the  proboscis,  and  their  manner  of 
movement.  Lately,  Unger  has  found  spermatic  corpuscles  in  the  antheridia 
of  Folytrichum  jtmiperinum,  P.  coinmune,  P.  urmgemm,  and  P.  alpestre,  as 
well  as  in  Funaaia  hygnnnetricaf  Bryvm  cuspidatum,  B,  punctatum,  <&c.  In 
Polytrichum  commune,  the  corpuscles  are  found  in  very  small  hexahedral 
cells  with  rounded  comers.  Generally,  whilst  in  the  ceUs  they  are  motion- 
less ;  in  some,  however,  a  tremulous  motion  of  the  thin  proboscis  was  seen, 
and  in  others,  again,  a  rotatory  motion,  interrupted  at  intervals.  Hio  dia- 
meter of  the  delicate  proboscis  is  0*004  of  an  inch.  In  a  few  corpuscles, 
isolated  fix)m  their  cells,  a  trembling  oscillating  motion  of  the  proboscis  was 
peroeptible." 

To  these  particulars  may  be  added  a  remark  of  Dr.  Unger,  quoted  in  the 
Ann,  des  Soimces  Nat.,  which  led  to  the  introductiMi  of  the  subject  in  this 
work. 

**  The  doubts,"  Unger  says,  '<  which  ren^ain  concerning  some  of  the  organs 
of  the  animalcules  of  mosses,  further  increase  the  uncertainty  as  to  tiieir 
situation  in  the  scale  of  beings.  From  all  ciroumstances,  I  am  inclined  to 
place  them  in  the  genus  Spirillum  of  £hrenberg,  and  to  describe  them  under 
the  name  of  Spirillum  Bryozoon." 

Mr.  Variey,  in  his  article  on  Chora,  in  the  50th  vol.  of  Trans.  See.  Arts,  has 
the  following  observations  on  the  same  structures : — 

"  From  these  cells  "  [in  the  globule  of  the  axil  of  the  Chara^  "  grow  out 
numerous  clusters  of  long  vessels,  possessing  the  most  extraordinary  features 
yet  observed.  When  these  are  first  protruded  from  the  globule,  if  not  quit* 
mature  enough,  their  appearance  is  like  dense  or  stix>ngly-marked  ringed 
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Teeaek,  the  ^visions  of  which,  or  iheir  oontents,  soon  begin  to  af^ear  ine- 

gahr After  a  while,  these  ooris  within  the  divkiona  beoome  agitated : 

some  shake  or  yibrate ;  others  reTolve  in  their  confined  places ;  and  many 
oome  out,  thus  showing  that  they  are  spirals  of  two  or  three  <mil8 ;  these, 

with  an  agitated  motion,  swim  aboat Now  the  fi^d  of  view  appears  filled 

with  li£9 :  great  numbers  of  these  spirak  are  seen  agitated  and  moving  in  all 
directions ;  they  all  ha^e  a  directile  fonee,  one  end  going  foremost,  and  never 
the  other ;  many  stray  a  great  way  out  of  the  field :  these,  by  getting  dear 
of  eadi  other,  are  the  best  to  observe ;  they  do  not  quite  keep  th^  form  as 
a  stiff  spiral,  but  their  foremost  end  seems  to  lash  about,  and  to  many  are 
seen  atteched  almost  inviaiUe  but  very  long  fibres.  These  fibres  were  in 
quick  undulatJons,  which  ran  in  waves  fran  the  spml  to  their  farthest  end* 
it  appears  thsit  these  fibres  eaese  many  of  the  ^irals  to  entangle  together, 
and  thus  bring  thCTi  sooner  to  a  state  of  rest ;  therelore  the  separate  ones 
were  best  to  observe." 

Am<Hig  the  more  recent  observations  on  these  motile  fibres  (from  the  anthers 
of  Cfhara  wlgaru  and  Ok,  hispida),  are  those  of  M.  Thuret  in  the  AnnaUa  det 
Sciences  NatmiretUsy  a  translation  of  which  wiU  be  found  in  the  AwnaU  of 
Natural  Histanf,  voL  viL,  ttom  which  we  extraet  the  following  paragraphs : — 
**  The  portion  of  their  body  most  {^parent  appeared  like  a  spurally-rolled 
thread,  of  three  to  five  curves.  They  were  dightly  tinged  with  green,  similar 
to  the  nuclei ;  and,  like  them,  turned  brown  with  iodine,  their  two  extremities 
becomii^  more  or  less  eoloiired  (according  to  the  quantity  of  iodine  employed) 
than  the  rest  <rfthe  boc^,  thus  indicating  a  diffesenee  of  nature  in  these  portaons* 
At  a  little  distance  behind  one  extremity  proceed  two  bristles,  or  tentaeula, 
ef  ezeeesive  tenuity,  whidi  the  animakule  incessantly  agitates  with  great 
Rapidity.  These  are  probably  organs  of  loeomotioii,  similar  to  the  filiform 
prolongation  found  in  the  Infdsoria  without  cilia.  Indeed,  Ihb  part  thus 
fnznidied  with  tentaeula  moves  fbremost,  drawing  after  it  the  rest  of  the 
body,  which  turns  about  in  the  water,  but  always  preserves  its  corkscrew 
fionn.  TIm  ineessant  agitation  of  these  tentaeula,  and  th^  extreme  tenuity, 
rendered  it  impossible  to  observe  them  in  the  living  animal;  recourse  was 
therefore  had  to  the  evaporation  of  the  water,  or  to  the  applioati<»i  of  a  sli^ 
tinetore  of  iodine,  when  the  animalcules  ceased  their  motions,  became  c<m- 
tracted,  and  their  spiral  unrolled,  when  the  t^ttacula  were  rendered  very 
distinct^  from  their  brown  colour.  These  tentaeula  were  frequently  observed 
to  be  soldered  together  from  one-half  to  one-third  of  their  kngth  upwards ; 
but  others  were  also  noticed  to  be  entirely  separated  down  to  their  bases.  A 
swdHng  simikr  to  that  in  the  flezure  of  the  body  was  perceived  in  their 
curves. 

<<  Aramcmia  arrested  their  motkms,  and  contracted  the  body  gradually  into 
a  email  oval  mass,  but  did  not  produce  the  phenomenon  of  decomposition  by 
0(^tion  (diffiMnee),  so  remarkable  in  the  Infusoria.  A  very  weak  solution 
of  hydrochloric  add  in  water  violently  contraeted  them  into  a  shapdeas  mass." 
In  Plate  XYII.,  figs.  520-522  represent  the  spermatozoa  found  in  Fbl^ 
trichrrm  eommwMy  the  first  figure  exhibiting  them  endosed  in  the  cellules,  and 
the  others,  swimming  fredy.  Figures  522-524  are  taken  from  Marchamtia 
polwnorpha.  Figure  525  is  from  Sphagnmn  eapiUifoliufn.  All  the  above 
are  magnified  1000  diametere.  Figures  526-528  are  from  the  Chcnu  vtdgarU, 
and  figures  529-531  from  Jungermani^  pinguu,  as  figured  in  Meyen's  work 
(Neues  Smkm  der  PAaneen). 

On  this  subject  of  vegetable  spermatoioa,  Schldden,  in  hja»  reeent  work  on 
the  **  Prindplos  of  Botany,"  remarks — "The  doctrine  of  v<^etable  spermatoioa 
is  now,  I  hope,  gradually  dying  away.   The  granules  (generally  starch),  taken 
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from  Bpermatozoa,  have  indeed  lost  their  Hf e  in  Frittsche's  tinetoro  of  iodine, 
since  their  evidently  purely  physical  mdecolar  movement  remained  nn* 
destroyed. 

** Fritzsche  has  completely  settled  the  matter ;  and  eveiy  unprejndioed 

observer  may  convince  himself  with  ease  of  the  completely  untenable  nature 
of  the  wonders  formerly  spun  out,  especially  by  Meyen.  The  confirmatory 
observations  of  Nageli  on  this  point  are  also  of  great  value." 

Again,  he  says — '<  As  to  the  mechanism  of  the  motion,  we  know  just  as  little 
as  we  do  of  that  of  the  moving  cilia ;  of  the  cause  of  motion,  of  the  motive 
power,  just  as  much  as  of  that  of  the  contraction  of  the  primitive  muscular 
fibre,  of  the  motion  of  animal  spermatic  filaments,  and  of  the  vibratile  cilia 
on  animal  and  vegetable  cells ;  that  is  to  say,  absolutely  nothing/' 

Further,  in  reference  to  the  motion  of  the  so-called  spermatozoa,  Schleiden 
observes — "  There  can  be  no  question  as  to  its  not  being  a  vital  phenomenon, 
because  the  motions  continue  even  in  the  alcoholic  tincture  of  iodine  (an 
absolute  poison  for  all  vegetable  and  animal  life),  of  which  one  may  readily 
convince  himself,  and  which  Fritssche  has,  with  his  well-known  accuracy, 
shown  to  be  the  case  in  a  great  number  of  plants."  (Br.  Lankester's  trans- 
lation, pp.  99  and  359.)  This  assertion  of  Sohl^den,  that  tincture  of  iodine 
is  an  absolute  poison  to  all  animal  and  vegetable  life,  must  be  receiTed  with 
reserve,  since  animalcular  life  has  been  Imown  to  exist  in  agents^  such  as 
strong  adds  and  mineral  poisons,  which,  d  priori,  would  i^pear  quite  as 
inimical  to  it  as  tincture  of  iodine ;  and  even  minute  animals — the  Aeariy  of 
hi  higher  organization  than  the  Pdlygastrioa,  have  been  stated  to  preserve 
life  in  strong  acetic  acid. 

Before  dismissing  this  subject,  it  may  be  useM  to  append  some  observa- 
tions made  by  Wagner  and  Leuokart,  in  their  elaborate  and  original  article 
before-quoted. 

Having  stated  that,  up  to  the  most  recent  period,  the  so-named  spermatoton 
of  animals  have  been  considered  independent  animal  organisms,  or  parasitical 
animals,  and  classed  among  the  Infhsoria,  the  authors  proceed  to  say  that 
such  assumption  is  perfectly  irrecondleable  with  our  present  knowledge  of 
these  bodies,  derived  principally  f^m  the  discoveries  of  B.  Wagner,  Yon 
Siebold,  and  Kolliker : — *'  With  our  existing  means  of  scientific  diagnoaia  it 
can  be  proved  that  the  formations  in  question  are  mere  elementary  consti- 
tuents of  the  animal  organization,  like  the  ova— constituents  equally  as  neces- 
sary for  the  spermatic  fluid  as  the  blood-globules  are  for  tilie  blood.  The  re- 
markable phenomena  of  the  life  of  spermatozoa  are  quite  analogous  to  those 
phenomena  of  motion  observable  not  only  in  animal  formations,  but  also  in 
vegetable  structures — as,  for  instance,  in  the  spores  of  Algas  and  of  the  lower 
species  of  Fungi,  and  in  the  so-termed  V%bri(mes  which  grow  out  into  the  fibres 
of  the  Conferva  eEdled2r^^prt>croas.  Moreover,  an  unprejudiced  observation  wOl 
prove  that  the  spermatozoa  are  everywhere  void  of  a  special  organization,  and 
consist  of  an  uniform  homogeneous  substance,  which  exhibits,  when  examined 
by  the  microscope,  a  yellow  amber-like  glitter.  The  opinion  of  an  internal 
organization  of  the  developed  animal  elements  was  not  a  little  supported  by 
the  various  remarkable  phenomena  of  motion  which  were  frequently  perceived 
in  them.  In  former  times,  when  people  had  no  idea  of  the  existence  and 
extent  of  the  so-called  automatic  phenomena  of  motions  which  take  place 
without  the  intervention  or  influence  of  the  nervous  system — ^when  nothing 
was  known  of  the  motion  very  similar  to  a  voluntary  one  which  exists  even 
in  plants — ^this  movement  was  certainly  calculated  to  place  the  independent 
animal  nature  of  the  spermatozoa  beyond  a  doubt.  "BvA  it  is  differ^t  now. 
We  know  ^at  motion  b  not  an  exclusive  attribute  of  animals,  and  that  an 
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inlefeiice  respecting  the  animal  nature  of  the  formations  in  question,  however 
similar  the  motion  observed  in  them  may  be  to  that  ci  animal  organizations^ 
is  a  very  unsafe  and  venturesome  one. 

"  We  know  that  certain  elementary  constituents,  animal  as  well  as  vegeta- 
ble, possess  a  power  of  movement,  and  that  they  retain  it  for  some  time  after 
having  been  separated  from  the  organisms  to  which  they  belonged.  We  only 
need  here  remind  our  readers  of  the  so-called  ciliated  epithelium,  the  several 
odls  of  which  swim  about  in  the  fluid  surrounding  thom,  and  have  not  un- 
freq[uently,  and  that  even  quite  recently,  been  considered  independent  ftTiiTn<^)»y ; 
or,  again,  of  the  spores  of  tiie  Algse,  which  actively  move  by  the  aid  of  a  ciliated 
investment,  or  of  a  single  or  manifc^d  long  whip-like  fibre,  until  they  eventually 
become  fixed  and  devdope  themselves  into  a  new  plant*  Such  spores  as  these 
may  be  found  described  and  illustrated  in  the  well-known  ma^iificent  work 
of  Ehrenbei^,  classified  as  Infusoria,  under  the  groups  of  Monadina,  Yolvo- 
dna,  fto. 

"  Under  such  circumstances  we  may  consider  ourselves  perfectly  justified 
in  declaring  every  attempt  to  prove  the  parasitic  nature  of  the  spermatozoa 
by  the  diaracteristic  of  ^eir  peculiar  motion,  as  ftitile  and  inadmissible." 

Genus  SPIBODI8CU8  (XVIQ.  63).— Self-division  imperfect  and  oblique, 
producing  elongated  chains,  or  inflexible  spirals,  of  a  dusc-like  figure.  Its 
organization  is  so  little  known  that  Ehrenberg  considers  the  genus  as  by  no 
means  satisfactorily  determined ;  indeed  there  is  little  doubt  that  it  is  not  a 
member  of  the  Yibrionia. 

Spibodiscits  fuhm. — A  lenticular  I  sents  three  spirals,  magnified  200  dia- 
smnlf  of  a  yellowish  brown  colour,  meters.  Amongst  Conrervte.  Breadth 
Articulation  indistinct    xvni.  OS  repre-  |  of  spiral  1-1200^. 

Genus  ZOOGLCEA  (Cohn). — Cells  (corpuscles)  very  minute,  badlliform, 
hyaline,  aggregated  together  in  a  hyEdine  muco-gelatinous,  globose  grape- 
Ifl^e,  and  subsequently  membranaceous  mass,  from  which  tiiey  may  detach 
themselves,  and  swim  away  with  a  vacillating  movement. 

ZoooLCBA  TemuK  —  Free,  moveable 
edU,  straight,  from  1-2000'''^  to  1-700"'. 
It  18  equivalent  to  PahneUa  inf 


(£.),  Jncralmi  term  (vonMotow;,  to  some 


described  forms  of  Cryptoeoecua,  and  to 
Baeterium  Termo  (Duj.),  the  Vibno 
Lmeola  (R)  (xvm.  09).  (See  Part  L 
^,187  eiseq.) 


Genus  liETALLACIEB  (Perty). — Bact&rium^hke  corpuscles,  growing  by 
repeated  imperfoct  division  into  stiff  or  slightly  flexible  fibres  (chams),  which, 
miider  certain  determinate  conditions,  eventually  lose  their  power  of  movement 
and  grow  into  ffygroerocU^likd,  tangled,  fibrous  masses,  colourless  or  of  a 
greyish  hue. 


MvTAiXAcm  BaeObusm  Vibrio  Bo- 
eShm.  —  Articulation  unobservable,  or 
•een  with  much  difficulty.  Vibrio  Buh- 
tai»  (R)  and  Baeterium  Catemda  (Duj.) 


are,  in  Perty's  judgment^  nothing  more 
than  delicate  and  transpurent  varieties 
of  this  same  organism.  In  Switzerland, 
in  foul  pond-water^  at  all  seasons. 


Genus  8P0B0NEMA  (Perty)  (XVIII.  66).— Very  minute,  cylindrical, 
unarticulated,  hollow  fibres,  closed  at  one  end  (rarely  at  both),  frequently 
enclosing  two  elliptical  corpuscles  (probably  spores). 


Sporonxma  aracOe  (xvm.  66).  — 
Fibres  firom  1-700"'  to  1-SO'"  long,  and 
1-1000"',  and  imder,  broad,  of  extremelv 
p^e-ffreeniah  tint  Often  occurs  with 
MetMicter  BaeiOmey  which  it  much  re- 
semUes;  yet  is  always  non-articulate. 


Movements  tolerably  quick,  either  end 
forward.  Specimens  occur  where  the 
spores  distend  the  fibre;  others  contain 
none.  In  the  sediment  of  pond-water 
containing  Chara  and  Lemna,  from 
various  Swiss  localities. 
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In  Ehrenbeig's  systam  the  fiunily  doeterina  follows  here,  but  in  this  edi- 
tion it  is  transferred  to  the  Detmidie«^  of  which  it  oonstitnteB  an  important 
genus.    (See  Part  I.  p.  1  ^  $eq,) 

FAMILY  VI.— ASTASI^A  on  EUGLEN-fiA  (see  p.  188). 

(XYin.  35-56;  XX.  15-21). 

Thb  memberB  o€  this  fiunily  are^  according  to  Ehrenberg,  charaeteriied  bj 
being  deficient  of  a  tme  alimentary  canal  and  lorica,  and  by  haying  a  sing^ 
aperture  and  the  power  of  changing  their  form  at  pleasure.  Their  <Hrgans 
of  locomotion  consist  of  a  tail  in  most  cases,  a  single  filament  in  three  gentera, 
and  a  double  one  in  a  Irartiii.  It  is  probable  that  filaments  exist  also  in  the 
other  two  genera,  Colachm  and  JHsHgtna,  Hie  internal  veodes  were  pre- 
sumed to  be  gastric  sacs,  althofugk  the  usual  test  of  their  being  so,  riz.  the 
application  of  coloured  food,  failed  in  Ehrenberg's  hands ;  yet,  he  says,  he 
noticed  some  manifestations  of  a  digestive  power  in  the  green  and  red  eeDa  of 
Euglma  tnricUs.  In  EugUna  there  are,  besides  green  ova  (granules),  a  gland 
(nucleus)  and  a  contractile  veaicle  ;  but  Astasiay  Distigma,  and  Colaeium  ex- 
hibit only  ova.  Large  red  points  are  found  in  five  graiera.  In  Euglena 
hngieauaa  and  E,  amhlyophis,  adds  Ehronberg,  **  the  first  indication  €$  the 
presence  of  nervous  matter  to  be  found  in  the  polygastric  Infusoria  "  is  met 
with  in  the  form  of  a  white  glandular  knot,  situated  below  the  eye. 

The  following  tabic  illustrates  the  characters  of  the  genera  of  this  famfly 
as  instituted  by  Ehrenberg : — 

l^e  wanting 


Eye  present 


/"Free 
With  one  eye 


/"with    one  f  Tail  wanting AmWyopbis. 

proboBdfl   [TaU  present Euglena. 

^  With  two  proboaoideB Chlorogoiuuin. 

\^  Attached  by  »  pedicle Colaoium. 

^  With  two  eyes  DitdgmA. 

The  family  Euglensea  (Eugldniens)  of  Bujardin  in  a  great  measure  oorre- 
sponds  with  that  of  Astasisea  of  Ehrenberg;  but  Dujardin  prefers  the  term 
Euglensea,  on  account  of  the  resemblance  of  the  otiier  name  to  that  of  a 
family  of  Crustaceans,  viz.  the  Astadsea. 

Bujardin  looks  upon  the  so-caUed  eyes  as  insufficient  to  affcnrd  generie 
characters,  which  he  would  derive  from  the  nature  or  apparent  stmctore  «f 
the  integument,  and  the  number  and  mode  of  insertion  of  the  filaments.  On 
these  principles  he  establishes  a  genus  Fofysehms,  diaraoterised  by  its  many 
filaments ;  two  genera,  ZygosdimB  and  Heteronema,  by  a  pair  of  fihun^itB,  in 
the  former  of  equal,  in  the  latter  of  unequal  size.  The  remaining  Euglensa, 
which  have  but  a  single  filament,  can  be  but  uncertainly  defined :  such  are 
the  EkigUncBf  mostiy  coloured,  and  having  a  red  eye-speck  and  a  tail ;  the 
Astasias  without  colour  and  tail,  but  with  a  filament  flexible  throughout,  and 
springing  abruptly  from  a  notch  in  the  anterior  extremity ;  and  the  Peranenux 
only  differing  from  the  Astasias  in  having  a  filamtmt  rigid  at  the  base,  and 
apparentiy  a  continuation  of  the  tapering  anterior  extremity  of  the  animalcule. 
The  two  last  genera  are,  however,  but  provisional. 

Astasiaja  is  one  of  the  fEunilies  in  the  group  of  Phytozoidia  (rf  P<Hiy,  wko 
ignores  the  genera  AmblyapMs  and  Distigma  of  Ehrenberg,  adopts  the  Pera-^ 
nema  and  Zygoselmis  of  Dujardin,  and  adds,  as  now  genera,  EiUrtptia  and 
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Dinema.  Again,  Sdmeider  (A.  N.  H.  1854,  ziir.  p.  327)  would  septtmte 
C^d€rogom,uim  from  the  ABtasuea  on  aooonnt  of  its  nnchaiigeftble  form,  and  Mr. 
Carter  {A,  N.  H,  1866,  xviii.  p.  116,  and  1859,  iii.  p.  16)  would  refer  Buglena 
to  the  y^etable,  and  AstasicB  to  the  animal  kingdom.  The  differences  pre- 
Tailing  among  naturalists  relative  to  the  beings  to  be  admitted  into  the  family 
Astaaiaa  indicate  either  that  its  characters  are  not  laid  down  with  sufficient 
preeinon,  or  that  it  is  not  a  natural  group.  The  power  to  vary  the  figure 
can  be  no  adequate  eharacter ;  for  this  is  partaken  by  the  gonidia  of  various 
Algn  in  certain  amoebi£[>rm  stages  of  ezutence,  and,  on  ^  other  hand,  is 
absent  in  some  species  enumerated  by  Ehrenberg  in  the  genus  Euglenay  as 
wen  as  in  CMorogonium,  The  tapering  or  tail-l&e  prolongation  at  one  ex- 
tremity, the  existence  of  one,  two,  or  more  ciliary  filaments,  as  also  of  a  red 
upeek,  are  likewise  features  common  to  numerous  zoospores.  Even  when 
appeal  ia  made  to  their  internal  organizatum  and  functioiii%  nothing  appears 
whereon  the  definite  characters  of  a  natural  family  can  be  built,  for,  on  tha 
one  hand,  the  organizati<Hi  assigned  th^n  by  £3irenberg  is  now  held  to  be 
untenable,  and,  on  the  other,  no  harmony  prevails  respecting  the  internal 
structure  as  recorded  by  different  observers  of  the  various  genera.  Mr. 
Carter,  in  the  paper  just  quoted,  states  unhesitatingly  that  most  of  the 
Astadas  enumerated  by  Ehrenberg  are  animal  forms,  whilst  the  Euglenos 
are  vegetable.    He  remarks  that,  *'  although  no  two  Infiisoria  can  be  more 

alike  than  Astasia  Unvpida  and  Eu^ena  when  casnaUy  observed yet  the 

absence  of  chlorophyll  and  the  presence  of  a  stomachal  cavity,  &c.  finr  the 
digestion  of  crude  food  in  the  former,  and  the  presence  of  chlorophyll  and 
absence  of  a  stomachal  cavity,  as  well  as  of  all  means  of  taking  in  crude  food 
for  digestion,  in  the  latter,  are  distinguishing  characters  which  at  once  place 
Astasia  Um^pida  on  the  animal,  and  Eughna  on  the  vegetable  side,  respectively, 
of  the  great  organic  kingdom ;  yet  both  Ehrenberg  andBujardin  have  classed 
Astasia  and  Euglena  together." 

If  the  organic  difference  between  Astasice  and  Euglmcs  be  what  Mr.  Carter 
asserts,  his  proposition  to  divide  the  Astasieea  of  Ehrenberg  into  two  feunilies, 
viz.  Astaaiffia  and  Euglensea,  must  be  accepted. 

The  AstasiaBa  inhaMt  ponds,  mostly  occurring  on  the  surCEice,  and  frequently 
tinge  the  water  with  their  own  coloiu'  when  their  multiplication  has  been 
very  rapid.  When  swimming,  they  present  an  elongated  form,  but  wh^ 
fixed,  olten  ajqpear  as  round  g^bules.  From  their  beautifdl  colour,  their 
ever  varying  changes  of  form,  and  the  rapidity  of  some  ci  their  vital  acts, 
they  are  most  interesting  and  pretty  objects  under  the  microecope,  and  from 
their  common  occurrence  are  almost  always  at  hand  for  the  student.  Many 
are  capable  of  progressing  by  alternately  fixing  and  advancing  the  head  and 
tail  after  the  manner  of  a  leech,  as  well  as  by  the  usual  process  of  swimming. 

Genus  ASTASIA  (XVIQ.  36,  48, 49, 60).— Individuals  free  (not  attached 
by  a  pedicle),  and  fdniished  with  a  long  or  short  tail,  but  no  eye-^cks.  A, 
pvsilla  is  the  only  spedcs  in  which  vacuoles  have  been  clearly  seen.  Ova 
(granules)  are  perceptible  in  A.  Jiasmatodes,  and  probably  exist  in  the  three 
other  species ;  a  locomotive  organ  in  the  form  of  a  thread-like  proboscis  exists 
in  A.  ptisiUa,  Perty  unites  this  geniis  with  Distigma.  The  immense  num- 
bers in  which  these  Infiisoiia  are  sometimes  developed  in  a  few  days,  and  the 
blood-red  colour  they  impart,  have  not  unfrequently  been  the  cause  of  con- 
siderable alarm  and  anxiety  to  persons  residing  in  the  vicinity  of  ponds  or 
small  lakes  which  have  become  blood-coloured  by  their  swarming. 

Dujardin's  genus  Astasia  is  defined  as  colourless,  obtuse  or  rounded  poste- 
riorly ;  whilst  those  described  by  Ehrenberg  are  mostly  green  or  red,  and 
provided  with  a  longer  or  shorter  caudal  prolongation. 
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Astasia  fuefnatode$  (xym.  96.  two 
fisa.). — ^Body  fuaifoim  or  spindle-fihaped 
^en  extended:  tail  veiy  short;  body 
green  at  firsts  arterwards  of  a  blood-red 
colour.  The  illustrations  represent  one 
creature  extended,  and  another  con- 
tracted. Hampstead.  1-880".  This  spe- 
cies is  referred  by  Dujardin  and  Carter  to 
the  genus  Euffiena. 

A.  ficmcami,  —  ExtensiblOi  cone- 
ahapedi  approaching  cylindrical,  and 
rounded  at  the  foremost  extremity.  Tail 
very  short  and  blunt;  granules  of  a 
yellowish  colour.  In  yellow  ditch- 
water.    Length  about  l-W'. 

A.  puBUla, — ^Extensible,  eone-shaned, 
swelling  out  and  rounded  at  the  fore 
extremity,  taU  very  short  and  pointed; 
colourless.  Motor  nlaments  above  twice 
the  length  of  the  body.  Movements 
slow;  but  rotation  on  the  longitudinal 
axis  rapid.  Several  phases  of  Euqlena 
viridU  resemble  this  species  in  form, 
molecular  arrangement  w.  content^  size, 
and  motion,  and  are  peculiar  onlv  on 
account  of  their  green  colour  and  red 
stigma.  Ehrenberflr  remarks  that  they 
are  often  so  abunoant  that  thousands, 
perhaps  millions^  of  these  creatures  are 
sometmies  contamed  in  the  hollow  of  a 
watch-glass,  and  form  a  stratum  on  the 
sur&ce  of  tiie  water.  They  might  be 
mistaken  for  the  youzig  of  the  A.  fia' 
vieanBf  but  that  the  vesicles  within  them 
are  lar^r  than  those  in  that  species, 
which  IS,  moreover,  without  proboscis. 
As  soon  as  a  little  colouring  matter  was 
thrown  into  the  water,  an  evident  cur- 
rent was  observed  near  the  fore  part  of 
the  creature^  and  by  this  means,  in  1833, 
the  thread-like  filament,  which  b  about 
half  the  lenjrth  of  the  body,  was  first 
perceived.  Sometimes  the  entire  crea- 
ture appears  to  glisten.  Should  this 
species,  upon  closer  inspection,  be  found 
to  be  ciliated,  it  would  De  rightly  placed 
amon^  Peridinisea.  1-1440"  to  1-600". 
The  size  of  the  vesicles  remarked  by 
Ehrenberg  is  no  distinctive  character;  and 
Mr.  Carter  believes  that  both  this  species 
and  A,Jlavicam  are  either  identical  with 
or  very  neariy  allied  to  A.  Umpida,  and 
therefore  animal  organisms,  unlike  the 
EuglefUBf  to  which  uiey  have  a  general 
resemblance. 

A.  (P)  viridis,  —  Extensible;  of  an 
ovate-oblong  form,  distended  a  little  at 
the  middle ;  tail  very  short  and  pointed ; 
green.  Amongst  ConfervaB.  1-1200" 
to  1-900".  This  species  and  A.  TuBtna- 
todes  are,  in  Dujardm's  opinion,  members 
of  the  genus  Eugknay  the  only  appro-  | 


dable  di£R»enoe  between  than  bong  the 

Ereeence  of  a  red  stigma  in  this  genua 
a  this  opinion  Mr.  Carter  coincides. 
A.  moalM  (Vogt)  (xvn.  532-533).— 
Oval,  extremities  rounded,  rarely  pear- 
shaped,  colour  deep  reddisn-brown,  mo- 
tion rapid.  Found  with  IVotoeoems  ne^ 
hulonta  in  snow  (Switseriand).  1-1500^. 
M.  Vogt,  in  his  account  of  the  Adatia 
fuvaiiB,  describes  it  as  invested  with  a 
carapace  (lorica),  op^  only  at  the  an- 
terior extremity.  This  opening  is  fur- 
nished with  numerous  small  cuia ;  and 
here^  doubtless,  ^e  mouth  is  situated, 
the  indication  of  which  is  given  by  an 
orange-coloured  tint,  which  is  clearer 
than  that  of  the  rest  of  the  animal 
''The  presence  of  a  lorica  and  dlia 
affords  a  character  which  does  not 
allow  this  animalcule  to  be  placed  with 
Abasia,  as  Shuttleworth  has  done;  on 
the  contrary,  it  ought  to  be  placed  in 
the  fiunily  Feridinifea  (Ehr.),  or  else  be 
regarded  as  the  type  of  a  new  genus, 
distinguished  by  the  absence  of  a  groove 
in  the  lorica,  and  by  the  stifif  hairs  of 
PeHdimum  bein^  replaced  by  soft  cilia." 
(On  the  Animalcules  of  the  Red  Snow, 
Bibl.  Unit,  de  Oenh:e,  1841.)  This  pre- 
sumed species  is,  in  all  probability, 
nothing  more  than  an  encysted  cor- 
puscle, probably  a  species  of  CJUamy- 
dococcw, 

A.  Aeus, — Hyaline,  figure  long-fdsi- 
form,  acute  at  each  end;  filament  the 
length  of  the  body.  1-060".  Berlin. 
Under  the  head  Astana^  Perty  enume- 
rates the  following  species ;  but,  as  he 
makes  no  distinction  between  Astasia 
and  DisUgmOy  the  generic  appellatiosi  is 
not  quite  equivalent  to  that  used  by 
Ehrenberg. 

A.  tnargariUfera  (Smarda). — ^Remark- 
able by  its  vanability  of  form,  or  meta- 
bolia,  the  contents  appearing  to  be  driven 
from  one  part  to  anomer,  fifiing  and  dis- 
tending one  portion,  whilst  the  other  is 
left  empiT  and  contracted.  Hyaline 
gnmules  (ffermsP)  very  distinct  At 
periods  it  loses  its  filaments,  and  with 
them  its  powers  of  swimming,  when  it 
adopts  a  crawling  movement  Two 
clear  spots  occur  near  the  base  of  the 
filament,  which  is  once  and  a  half  to 
twice  the  length  of  the  body:  these 
spots  were  called  eyes  by  Ehrenbei|f, 
who  made  them  the  distinctive  feature 
of  a  genus  DisU^ma.  In  pond-water, 
and  even  under  ice,  but  not  common. 
A  variety,  much  elon^ted  and  slender, 
has  been  called  Astasia  Set-pcntuhs. 
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The  following  species  are  deeeribed  bj  Bojaidin : — 


A.  emdoria  (xvin.  49,  60). — Colour- 
lees,  semi-transparent,  containing  pale- 
y^ow  ffranules ;  cylindroid,  enlajved  in 
the  miadle,  obtuse  at  each  end,  and 
maiked  with  oblique  strio,  giving  rise 
to  a  twisted  appearance.  l-46(y'.  In 
sea-water. 

A.  ii^lata.  —  Semi-transnarent,  dia- 
phanous, contractile,  ovoid,  obHauely 
butregulariy  plaited  or  striated.  I-06O". 
In  sea-water. 

A.  Umpida  (xvm.  48  a,  6,  c),  — Dia- 
phanous, smooth,  very  variable,  fusiform, 
more  or  lees  obtuse  at  each  end,  deft 
anteriorly,  and  often  obliquely  doubled 
on  itself  or  twisted.  1-660"  to  1-680". 
In  ditdi-water.  Perty  remarks  that 
Dujaidin  is  wrong  in  identifying  Ariatia 


muiUa  and  A.JIavieatu  with  this  species. 
Mr.  Carter  {A,  N.  JET.  1869,  iii.  p.  16)  treats 
this  organism  as  an  undoubtedly  animal 
form,  and  describee  it  as  having  a 
stomach  or  digestive  cavity,  into  which 
it  receives  food  from  witJiout  UnHke 
EHgienOj  which  it  outwardly  reeembles, 
it  contams  no  chlorophylL  He  also  con- 
siders that  it  b  the  same  being  whidi 
Ehrenberg  has  described  and  figured  aa 
TrachdiuBiricKoahortu. 

A.  lonffi/Ui$  (rerty). — Hyalin€L  with 
pale-green  internal  granules;  filament 
at  least  three  times  longer  than  the 
body :  a  lateral  plait  or  figure  is  seen  in 
the  anterior  halL  Form  unchangeable. 
Motion  tolerably  &st    1-1000". 


Genns  AMBLY0PHI8  (XVIII.  45).— Free,  with  a  single  ^e-speck  and 
flabellmn,  but  no  tail.  The  flabeUnm  or  filament  serves  as  an  organ  of 
locomotion,  and  is  situated  at  the  fore  extremity,  which,  says  Ehrenberg,  is 
cleft,  80  as  to  represent  a  two-Hpped  mouth,  the  filament  being  very  readily 
distinguished  on  the  upper  lip.  The  colour  of  the  animalcule  is  derived  from 
the  closely  compressed  mass  of  green  granules,  which  nearly  fills  the  body. 
Near  the  middle  of  the  creature  is  a  la^,  bright,  globular,  together  with  five 
wand-like  bodies,  two  of  which  are  situated  before,  and  three  behind  the 
former ;  these  structures  together  were  supposed  to  be  male  generative  organs. 
No  contractile  vesicle  has  been  observed.  Self-division  is  unknown.  The 
coloured  speck  is  very  highly  developed.  Towards  the  anterior  part  of  the 
body,  and  just  behind  the  filament  where  the  mass  of  granules  commences, 
there  is  a  bright-red  and  somewhat  lengthened  spot  (resembling,  as  to  situ* 
ation  and  colour,  the  eye  of  the  Rotatoria  and  Entomostraca),  in  the  clear 
space  b^ieath  whidi  is  a  mass  of  matter  of  a  very  peculiar  description,  of  a 
globular  form,  having,  to  Ehrenberg's  apprehension,  the  appearance  of  a 
nervous  ganglion,  and  being  most  probably  connected  with  the  organ  of 
vision.  This  genus  is  not  distinct  from  Euglena ;  for  the  absence  of  the  so- 
called  tail  is  insufficient  to  distinguish  it,  and,  what  is  more,  Perty  has  seen 
Amblyoplns  viridis  proceed  from  Euglena  viridis  in  the  process  of  reproduction. 


Ambltofhis  mridis  (xvm.  46).  — 
Large,  elongated,  cylindrical,  distended 
or  compressed,  and  abruptly  rounded  at 
the  posterior  extremity;  green,  head 
colourless;  eye-speck  Iturge,  bright  red. 
The  motion  of  this  creature  is  sluggish 


and  serpentine,  and  by  its  evolutions 
might  easily  be  mistaken  for  the  JBuglena 
J^nrogyroy  were  that  creature,  like  this, 
tailless.  Found  with  Eugkn<B,  chiefly 
in  the  spring.  1-210"  to  1-140"  (vide 
p.194).*^^ 


Genus  EUGLENA  (XVIII.  37-44,  46,  61, 62, 54).— This  beautiful  genus 
of  the  fiunily  Astasisea  is  characterized  by  being  famii^ed  with  an  eye,  a 
single  thread-like  filament,  and  a  tail,  and  by  being  free.  The  locomotive 
filament  is  seen  in  nine  species  out  of  the  eleven,  and  has  a  double  appearance, 
in  E.  sangtdnea  ascribed  to  the  condition  of  tiie  animalcule  preparatory  to 
self-division.  In  Euglena  hyalina,  E.pleuroneetes,  and  E,  longicauda,  vacuoles 
are  generally  visible ;  but  in  the  other  species  they  are  obscured  by  the  masses 
of  green  granules  which  colour  their  bodies.  Certain  internal  appearances 
have  been  recognized,  which  Ehrenberg  supposed  to  be  of  a  male  generative 
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nature,  i.  e.  a  nucleus.  Longitudinal  sdf-diTiaion  has  been  observed  in  E, 
AcHS,  and  the  commoicement  of  it  in  E,  sanguinea  (XYIII.  37-39).  dose  to 
the  I^Dd  point  a  supposed  nervous  ganglion  or  eye-speck  Ib  visible  in  E,  longi-- 
eauda  (XVIII.  44),  such  as  is  seen  in  Amblyophis.  The  genus  Euglena  of 
Ehienbeig,  saysDujardin,  contains  some  species  oif  a  compressed  leaf-like  form, 
and  quite  deficient  of  contractility,  which  require  to  be  jdaoed  in  the  genoB 
Phaeus  of  the  feunily  Thecamonadina. 


EuouufA  soHgumeaCOBreana  viridii^ 
U.)  (xvm.  87-S9).~£xteii8ible,  of  an 
oblong^lindrical  or  spindle-shaped 
form,  with  head  ffreatlj  rounded^  tail 
short,  conical,  and  somewhat  pomted. 
flabellum  lon^  than  the  body  in  its 
extended  condition.  When  yoxmg,  they 
are  men,  but  when  full-grown,  of  a 
blooa-red  colour;  and  specimens  are 
frequentlv  found  variegated  red  and 
green.  The  motion  of  this  multiform 
animalcule  is  generally  slow;  and  it 
sometimes  revolves  upon  its  longitudinal 
axis  in  swimming.  The  thread-like  fila- 
ment, which  is  a  prolongation  of  the 
upper  lip,  and  rather  longer  than  the 
body,  is  so  delicate  as  to  require  consi- 
derable care  in  investigatii^  it,  and, 
being  retractile,  will  often  elude  obser- 
vation. A  little  colouring  matter  in  the 
water  will  exhibit  tUs  oigan  in  active 
operation :  and  it  mav  be  distinctly  seen 
in  a  single  animalcule  in  a  dried  state, 
upon  a  plate  of  clear  glass.  The  double 
appearance  of  the  organ  in  this  species 
has  been  before  noticed.  Ehrenberg 
conjectured  that  the  miracle  in  ^gyv% 
recorded  by  the  great  lawgiver  of  tne 
Jews,  of  turning  the  water  into  blood, 
might  have  been  effected  by  the  Bgency 
of  these  creatures,  or  by  the  £kista 
JusmatodeB,  In  stagnant  water,  often  in 
great  abundance  on  the  sur&ce.  1-800" 
to  1-210".  This  is  m  all  probability  a 
mere  variety  of  E,  viridw\  the  red 
colour  is  not  a  specific  distinction,  but 
only  a  sign  of  maturity. 

£.  hymina, — Extensible  in  a  spindle- 
shaped  manner  j  head  attenuated,  blunted 
at  the  extremity,  and  two-lipped;  tail 
short,  and  somewhat  pointed;  colour 
transparent  and  whitish ;  rare.  1-280". 
Perty  asserts  that  it  is  only  a  variety  of 
E.  vtridis, 

E.  deses  (Enchelya  de&es,  M.). — Extensi- 
ble, cylindrical,  abruptly  rounded  at  the 
head,  and  slightly  bi-lipped.  Tail  very 
shcHrt  and  pointed ;  colour  green;  motion 
a  winding  and  sluggish  creeping,  never 
swimming.  Filament  verv  long  and  fine. 
Amon^I^mnaD.  .  1-240"  to  1-760". 

E.  vtridis  (Cercaria  riridisy  M.)  (xvm. 
40).  —  Extensible  in  a   spindle-shaped 


manner;  head  attenuated  and  short 
Tail  short,  and  cone-shaped^  not  deft; 
colour  greei^  excepting  the  two  ex- 
tremities, which  are  colouriees.  The 
double-pointed  tail  represented  by  Leeu- 
wenhoek  and  others  does  not  exist 
When  the  creature  is  young,  its  eye- 
speck  b  imperceptible  <x  veiy  pale^ 
and  it  may  readuv  be  mistaken  for 
Adasia  twndw  or  M(ma$  deam.  When 
dried  on  glass,  the  speck  seldom  retains 
its  colour  more  than  a  week;  but  the 
filament  may  be  well  examined  and  pre- 
served when  so  treated.  Filament  twice 
the  length  of  the  body,  which  difiers 
very  much — ^between  1-600"  and  1-140". 
Perty  affirms  that  E.  hyaHna  is  a  mere 
variety  of  this  species,  and  that  Am- 
blyophis  vHdUa  (xvm.  45)  is  the  same, 
for  he  has  witnessed  the  same  individual 
E^lena  produce  both  Eit^ena  and  Am" 
blj/ophis.  This  observer  has  found  E 
tnruUs  at  an  elevation  of  0000  feet,  on 
the  Alps.  On  the  surface  of  ponds  at 
Hampstead  and  elsewhere,  common. 

E.  Spirogyra  (xvm.  62\— Extensible 
and  cvlindrical ;  very  finely  striated  and 
granulated.  The  head  is  a  little  trun- 
cated, and  the  hinder  part  attentwted 
into  a  short  pointed  tail:  colour  a 
brownish  green ;  motion  like  E,  de$ei. 
Its  colour  varies  firom  a  beautiful  green 
to  yellow  or  brown.  It  alwavs  occurs 
singly.  E,  axyurU  (Smardajl  is  not 
specifically  distinct  Amongst  Confervie 
and  Bacillsria.    1-240"  to  1-120". 

E.  Pyrum  (xvm.  41,  42).— Obliquely 
fluted;  when  distended,  oval  or  pear- 
shaped.  The  tail  generally  about  the 
length  of  the  bodv,  and  pointed ;  colour 
green.  Found  wim  many  other  species  at 
Hampstead,  but  not  so  irequontiy  as  the 
other  epedea.    1-1 162"  to  1-864". 

E.  pteuronectes  (Cercaria  pieuronectety 
M.). — Compresseo,  ovate-orbicular,  or 
in  the  form  of  an  obovate  leaf;  striatad 
longitudinally;  colour  green;  tail  pointed, 
one-third  or  one-fourui  part  the  length 
of  the  body,  and  colourless.  In  stagnant 
water.    1-1152"  to  1-480". 

E.  Umgicauda  (xvm.  44). — ^Mostly  stifl^ 
compressed,  elliptical,  and  leaf-like ;  co- 
lour green ;  tail  the  length  of  the  body. 
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awl-flhtped  and  colomlefls.  WHhiii  this 
creAtuie  may  often  be  seen  a  yellowish- 
green  mass  of  granulea.  The  yery  deli- 
cate vibrating  thread-like  filament  has 
its  ori^  from  the  more  projectinff  side 
of  an  indentation  on  the  anterior  edge  of 
the  body,  and  is  about  two-thirds  its 
lei^gth.  This  creature  has  ih»  power  of 
twuting  its  body  into  a  spiral  umn^  but 
not  of  oomtracting  it.  It  swims  freely, 
and  mostly  wiu  a  Tibratory  motion^ 
occasioned  by  the  action  of  the  filament. 
In  fresh-water  amongst  Conferv»  and 
Badllaria.    1-480"  to  1-120". 

£.  iriqueira,  —  Leaf-shaped,  three- 
sided,  ond-fceeled;  colour  green;  tail 
shorts  than  the  body,  and  colourless. 
Amoogst  T<ftmn«.     1-580". 

£.  Acus  (  Vibrio  Acua,  M.).— Slender, 
SfMndle-slumed,  and  strught;  head  atte- 
nuated, anda  little  tmncated;  tail  yery 
pcnnted ;  body  green  in  the  middle,  and 
oolourleas  at  toe  extremities.  This  is  one 
of  the  most  beautiful  animalcules  seen 
under  the  microscope;  its  graceful  form 
when  swimming,  its  bright-red  eye,  the 
curious  forms  it  assumes  when  stationary, 
and  its  remarkable  appearance  when  un- 
dergoinji^  self-division,  all  combine  to 
render  it  worthy  of  ollservation.  Fresh 
and  brackish  water.    1-670"  to  1-110". 

R  rostrata. — ^Elongated  and  conical, 
with  the  lunder  part  gradually  attenu- 
ated into  a  very  short  tuL  Head  slightly 

Mr.  Carter  describes  the  following 
of  Bombay : — 

'E.  fitnformis, — Short,  thick,  fusiform, 
obtuse,  (w  a  rich  green  colour,  provided 
with  a  long,  delicate,  single  cilium,  which 
projects  from  adightly  Bilabiate  anterior 
extremity;  a  littfe  behind  which  is  the 
eye-^t,  attached  to  the  contracting 
yesi<ue.  Nucleus  central,  situated  be- 
tween the  ends  of  two  elongated,  refrac- 
tive, nucleated  cells,  which  extend  round 
the  bodyequatorially.  TaOless.  Motion 
during  progression  osciUatoiy,  and  rotat- 
ing on  the  longitudinal  axis.  Length 
about  1-700",  breadth  about  1-1100". 
Freshwater  tanks  in  the  island  of 
Bombay. 

R  zanaUs. — Short,  thick,  ovoid  cylin- 
drical, slightly  narrowed  anteriorly,  of  a 
rich  green  colour ;  provided  with  a  long 
ddicate  dlitmu  which  {>rojects  from  the 
notdi  of  a  slightly  bilabiate  anterior  ex- 
tremity; a  little  behind  which  is  the  eye- 
spot,  attached  to  the  contracting  vesicle. 


bent,  like  a  beak ;  oolomr  green.  Amongst 
Oscillatoriee  and  BaciUaria*  Length 
about  1-600". 

R  Ovum, — Ovate,  green,  with  a  very 
short  hyaline  caudal  prolongation,  and  a 
large,  double,  circular  nucleus.  1-1660". 
Berlin. 

E.  aemmUda  (D.). — Green,  elongated, 
cyHndrieal,  flexible  but  not  very  con- 
tractile ;  movement  slow ;  tail  tapering, 
dear,  and  at  an  angle  with  the  body — 
hence  the  name.  1-206"  to  170".  This 
large  Euglena  is  remarkable  by  its  elong- 
ated fDriB,  by  its  diameter  being  neany 
eaual  to  its  length,  without  the  bulging 
01 K  viridity  and  by  its  articulated  taiL 

R  obtcura  (1).). --Thick,  oblong;  dis- 
tended and  obtuse  posterioriy;  Imt  the 
form  very  variable ;  clearer  and  of  a  red 
tint  anteriorhr,  eye^q^eck  reddish-black ; 
filament  half  as  long  again  as  the  body. 
1-870".  This  form  Perty  surmisea  to  be 
only  a  deeper-coloured  spedmen  oi  E, 
iangtmrntf  which  he  <^t^  £Mmd  of  a 
brown  or  blackish-red  colour. 

R  nmcronaia  (Perty).— Of  a  beautiful 
green  colour,  the  anterior  segment  or 
head  frequently  hyaHne,  with  a  clear-red 
stigma;  tail  pointed  and  transparent. 
Body  oval,  often  longitudinally  and 
finely  striped.  Filament  overlooked. 
Differs  from  JS,  gemcukUa  by  the  absence 
of  the  angubtfly-set  filament  1-106"  to 
1-84". 

new  spedes  from  the  fr-eehwater  tanks 

Nudeus  central,  between  the  ends  of  two 
wide,  refractive,  nudeated  oeUs.  which 
extend  round  the  body  eguatorially.  Tiul 
adhesiye  or  suctorial  (r),  diort,  about 
one-sixth  part  of  the  length  of  the  body. 
Motion  during  progression  oscillatory 
and  rotating,  on  the  long  axis  of  the  body. 
Length  l-1100",bread&  1-1800".  Fresh- 
water tanks  in  uie  island  of  Bombitjr. 

These  two  BugleruB  are  remarkable  for 
having  that  refractive  cell  or  organ  which 
I  have  called  the  **  glair-cell "  equatorial^ 
instead  of  lon^tudinal  as  in  Euglena 
Spirogyraf  or  smgle  and  in  the  anterior 
hp  as  m  Crumemda  texta* 

E.  agiHa, — ^Is  a  third  species  Mr.  Carter 
would  distinguish ;  but  ne  has  given  no 
details,  except  relatiye  to  its  devdop- 
m^t  m  the  still  form.  1-600".  In  the 
brackish  waters  of  the  marshes  of  Bombay 
{A  K  m  1856,  xviii.  p.  246). 


Genufl  CHLOROGONITJM  (p.  195)  (XVIII.  47;  XX.  16-21).--Afewiaj 
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with  a  double  filament.  Are  free  and  proyided  with  an  eye-q>eck,  tail,  and 
double  filament.  The  only  known  spedee  is  of  a  very  beautiM  green  eolour, 
and  has  numerous  transparent  Tesiclee  within  it.  A  distinct,  hydine  nudeus 
is  perceptible  in  the  centre  of  the  animalcule.  Self-division  of  the  contents 
into  four  or  more  segments  has  been  observed  to  take  place,  also  propagation 
by  microgonidia.  Schneider  and  Perty  concur  respecting  the  propriety  of 
detaching  C^hrogonivm  from  the  AstasiflBa.  Numerous  dull-red  specks  are 
scattered  throughout  it9  green  contents,  no  one  of  which  has  the  deamees 
and  distinctness  of  the  stigma  of  Euglena.  The  primordial  envelope,  with  its 
endosed  green  contents,  varies  in  figure ;  but  not  the  external  one,  which  is 
rigid. 


Chlobogonium  euehhntm  (xvm. 
47;  zx.  1&-21). — Spindle-diaped,  very 
pointed  at  both  extremitiee ;  tail  short ; 
colour  sparkling  green.  The  eye-speck 
is  so  dehcate  that  it  may  be  eaoly  over- 
looked; but  when  the  creature  is  dried 
upon  a  plate  of  very  dear  g^ass,  both  the 
eye  andl^the  double  filamoit  are  readily 
seen,  and  it  may  be  preserved  as  a  per- 
manent microscopic  object  xviu.  fiff. 
47  represents  a  cluster  of  six,  each  wiw 
its  double  proboscis.  In  water-butts,  on 
ponds,  &c ;  it  forms  the  green  matter  of 


Priestley.  1-110"  to  1-280",  exdusive 
of  the  taiL  It  was  in  this  spedes  that 
M.  WelBse  thought  he  had  discovered  a 
form  of  propagation  analoffous  to  that  by 
ova,  but  in  ftwt  to  reproduction  by  mi- 
crogonidia  Txx.  15-21).  The  yovaof 
forms  so  prociuced,  espedaUv  in  tiieb 
aggregate  state  before  discharge,  re- 
semble Uvdia  Bodo;  and  M.  Weisse 
thinks  CTUorofonmm  euehhmm  and 
Olmomorum  tmgens  only  other  stages  of 
development  of  the  same  organism. 


Genus  COLACIUM. — ^Eye-speck  or  stigma  single,  filament  not  detected 
in  this  genus,  although,  as  Ehrenbeig  remarks,  Uiere  can  be  no  doubt  of  its 
existence,  from  the  currents  whidi  are  visible  in  coloured  water  near  the 
forepart  of  the  body ;  still,  as  these  are  rather  feeble,  it  is  probable  that  the 
organ  is  but  sing^.  Numerous  transparent  vesidee  are  seen  within  the  body. 
The  creatures  are  parasitical  upon  Entomostraca  and  Rotatoria,  to  which  they 
attach  themsdves  by  means  of  a  pedide  or  footstalk,  which  is  single  at  first, 
but  becomes  ramified  by  the  process  of  self-division. 


CoLACiUM  (P)  wttCMfowm.— Spindle- 
shaped,  oval,  but  variable ;  pedicle  very 
short,  and  sddom  ramified;  colour 
sparkling  green,  with  distinct  intemd 
vesides.  Ehrenberff  says,  *<  I  have  again 
sought  in  vain  for  uie  red  eye  (May  23, 
1835),  but  cannot  be  satisfied  of  its  non- 
existence, as  it  is  undoubtedly  present 
in  the  other  spedes.  and  investigation 
is  sometimes  unproductive  on  account 
of  subordinate  circumstances.  I  have 
likewise  failed  in  seeing  very  satis- 
factorily the  vibratory  orffan,  notwith- 
standing its  action  is  evident  enough." 


Found  upon  Entomostraca.  1-800". 
C.  stentorinum,  —  Form  variable,  but 
somewhat  cylindrical,  prolonged  anteri- 
oriy  into  afonnd-ahimed  process ;  colour 
beautiful  green;  vesicles  indistinct:  ]^edi- 
cle  oft^i  ramified.  The  eye-speck  is  at 
one  time  distinct^  at  another  ecarcdy 
perceptible ;  it  diners  also  in  position  so 
widely  that  sometimes  it  is  close  to  the 
elongated  neck,  at  others  near  the  poste- 
rior end.  Perty  surmises  it  to  be  a  larval 
condition  of  some  other  being,  or  merely 
a  sporozoid.  Found  upon  Entomostraca 
and  Poiyarthra  trigla,    1-1160". 


Oenus  DISTIGMA. — Astasias  with  two  eye-specks.  Locomotive  oigans 
not  hitherto  discovered ;  and  the  presumption  is  that  they  do  not  exist ;  n<Mie 
of  the  spedes  dther  swim  or  produce  perceptible  currents  in  coloured  water. 
Movements  creeping  or  crawling,  much  like  those  of  eels ;  form  variable,  like 
that  of  Lacrymaria;  and  they  approximate  to  Amogba  in  other  respects, 
besides  the  absence  of  a  flabellum.  At  the  fore  part  of  the  body  may  be 
seen  two  very  delicate,  blackish-coloured  spots,  analogous  to  the  eye-specks 
in  other  genera.     The  Disiigmas  are  sometimes  coi^ounded  with  Pi^t<u9 
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dij^jhtens  of  MiiUer.  All  the  species  are  exquisite  objects  for  a  deep-powered 
micToeoope— for  instance,  one  magnifying  460  diameters.  Perty  unites  this 
genus  with  Jutatia,  as  being  indistingiiishable  from  it  by  any  sufficient  charac- 
teristics. 


I  a  greater  or  less  extent,  its  filaments,  and 
therewith  its  power  of  swimminf^,  whilst 
it  retains  the  remarkable  peristaltic  move- 
ments in  its  internal  substance. 

D.  viridis, — Smaller  than  either  of- 
the  other  species;  proteus-Hke  some-* 
times  ffreatly  distenaed^  at  others  con- 
strictea ;  filled  with  green  granules ;  e jre- 
specks  distinct.  Lengidi  not  exceedmg 
1-570".  D.  viridts  is,  in  JPerty's  opinion,  an 
incomplete  condition  of  Eutreptia  viridis* 

D.  planaria, — Small,  linear;  proteus^ 
like,  out  capable  of  less  distension  or 
constriction  than  the  preceding ;  pointed 
at  both  extremities;  colourless;  eye- 
spefdra  distinct.  Found  by  Ehrenberg 
amongst  Conferves  in  the  Nile.    1-240  . 


l>amBUAtenax(J^teuSf  M.). — Larger 
than  either  of  the  other  suedes ;  proteus- 
like— at  one  time  greatly  distended,  at 
another  as  much  constricted;  eye-speck 
rather  indistinct;  colour  transparent  yel- 
low. About  Ijemnsd.  1-240".  This  spe- 
cies Perty  regards  as  merely  a  larger 
variety  of  JMasia  marganJUfera,  inca- 
pable of  the  same  extent  of  metabolia. 

D.  iVofet«(lVofeM»,M.\— Smaller  than 
the  preceding :  proteus-uke — sometimes 
greasy  distended,  at  others  constricted; 
blunted  at  both  extremities ;  eye-specks 
distinct.  Amongst  ConfervcB.  1-580"  to 
1-400".  This  species,  says  Perty,  appears 
nothing  else  than  a  smaller  specimen  of 
Atittaia  margariixfera  which  has  lost,  to 

Genns  PERANEMA  (Duj.)  (XXVI.  13).— Body  of  variable  form,  some- 
times almost  globular,  at  others  distended  posteriorly,  and  drawn  out  in  &ont^ 
or  prolonged  into  a  long  tapering  filament.  Movement  forwards  slow  and 
uniform.  The  Peranenuz  are  colourless,  but  contain  in  their  diaphanous 
substance  granules  and  vacuoles.  The  lobes  they  send  out  in  their  frequent 
and  remarkable  changes  of  form  are,  unlike  those  of  the  Amoeba,  covered 
wi^  an  integument.  Found  in  stagnant  marsh-water,  chiefly  on  the  sui^Gace 
of  dead  plants.  I  suspect  Ehrenberg  has  described  a  species  (P.  protracta^ 
of  this  genus  under  the  name  of  Tra^lius  triehophorus. 


Pkbaiocica  proirada, — Oblong,  soft, 
dilated  posteriorly,  much  extended  an- 
terioriy.  1-838"  to  1-370".  Its  figure 
undergoes  changes  by  the  movements  of 
its  contents.  A  trace  of  a  red  stigma 
often  discoverable. 

P.  gMmhsa  (xxYh  13).— White  or 
pale-green,  neany  globular,  more  or  less 
exteiMed  anteriorly,  with  oblique  plaits 
on  its  surface.    In  the  Seine,  and  in 


ponds  atBem.  1-1626" to  1-1800".  Perty 
could  not  discover  the  plaits  or  folds^ 
and  states  that  the  filament  is  double 
the  len^h  of  the  body.  Movements 
very  active. 

P.  virescena. — ^The  animalcule  so  named 
occurred  in  the  water  of  the  Seine,  was 
green,  semi-fluid,  and  changed  form  most 
rapidly,  like  eaiAmceba.  1-^'  to  1-520". 
Reqmres  further  examination. 


Genus  ZTGOSELMIS  (Buj.)  (XXVI.  12  a,  6).— Animal  of  variable  form, 
swimming  by  means  of  two  equal  flagelliform  filaments,  which  are  constantly 
in  agitation.  Zygouhais,  says  Dujardin,  is  distinguished  from  Disehms  by 
its  ccmtractiHty  and  its  variability  of  form ;  but  such  a  distinction  is  surely 
insufficient. 


Ztgosbuob  nebulo$a  (xxvi.  12  a,  b\ — 
Colourless,  sometimas  globular,  at  otners 
top-  or  pear-shaped,  with  numerous  con- 
tamed  granules.  1-1300",  with  two  fihi- 
ments  of  equal  sixe  and  length.  Un- 
common; found  with  Lemna;  the  changes 
of  form  proceed  slowly. 

Z.  vu^iHoha  (Perty). — Ck>lourless,  hya- 
line; one  filament  rather  stouter  than 


the  other ;  both  protruded  in  firont  Ca- 
vity sometimes  filled  with  dear  gijeen 
corpuscles,  which  firequently  assume  op- 
ticfuly  a  red  hue.  Chsnges  of  figure 
slow ;  movements  sluggish.  Distin- 
guished from  Z.  n^mlosahy  the  inequa- 
fity  of  its  filaments.  1-840".  The  assigned 
distinction  between  this  and  the  other 
species  appears  to  us  insufficient. 


Genus  HETERON  EMA(Duj.)  (XXVI.  11).— Body  of  variable  form,  oblong, 
irregularly  dilated  posteriorly,  having  a  fine  flagelliform  filament,  and  a  second 
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thicker  trailing  one  acting  as  a  retractor.  This  genns,  by  pooooooing  the  two 
filaments  of  d^erent  ch^ntcters  and  oS&ce,  approaches  the  Heteromita  and 
Anisonema,  from  which,  however,  it  is  distingoished  by  its  contractile,  ob- 
liquely striated  integument. 

Hbtbbonbica  marma  (xxvi.  llj. —  l  narrower  in  front,  obliquely  and  doeely 
Body  oblong,  inegolarly  dilated  behmd,  |  striated.   Length  1-434".    In  sea-water. 

Genus  P0LYSELMI8  (Duj.)  (XXVI.  7).— Animal  oblong,  of  variable  fbrm, 
swimming  by  means  of  several  flagelliform  filaments  wldch  arise  from  its 
anterior  extremity.  The  single  Infusorium  I  have  found  possessing  theee 
characters  resembled  an  oblong  Euqlena  rounded  at  each  end,  with  an  anterior 
longer  moveable  filament,  surrounded  by  three  or  four  very  fine  shorter  ones. 

PoLYSELMis  viri^  (xxvi.  7). — Elon-  t  with  a  red  eye-speck.   1-650".   Found  in 
^ted,  rounded  at  each  end ;  more  or  less    aa^ass  of  marsh-water  containing  Lenma, 
ted  and  folded  in  the  middle ;  green,  [  wnich  had  been  kept  several  months. 

Genus  EUTBEPTIA  (Perty)  (XVIII.  53-55).— Inke  Chlorogonium,  Zygo- 
uJmis,  and  Dinema,  has  two  filaments.  It  has  besides  the  form  of  an  Astasia^ 
but  its  figure  is  constantly  varying  as  it  swims,  and  it  has  a  red  stigma. 

This  and  the  following  genus  constructed  by  Perty  are  very  imperfectly 
characterized,  and  in  our  opinion  have  slight  daim  to  generic  independence. 

EuraKPTiA  viridis  f xvni.  53-56 ;  xrx, 
18-19). — Green,  with  nyaline  corpuscles, 
but  sometimes  quite  colourless.    A  va- 


ffate 
oilai 


riety  thick  and  rounded  posterior,  with 
the  outline  ot  AmUyophiSf  only  presented 


a  crawling^  movement,  and  not  the  power 
of  swimming.  Length,  when  extended, 
1-240".  Among  Lemnn.  A  variety,  E. 
tmifiiu,  has  only  a  single  flabellum  and  a 
fiuntly  maiked  stigma. 


Genus  DINEMA  (Perty)  (XIX.  17). — Filaments  two;  one  projected  in 
advance,  the  other  trailed  behind.  Body  small,  saccular,  very  contractile,  and 
destitute  of  chlorophyll. 


DiNBHA  griseohnn  (xix.  17).  —  Body 
filled  with  grey  molecules.  Movements 
sluffgish,  and  particularly  so  the  rotation 
on  its  long  axis.  Filaments  about  equal  in 


dimensions.  1-260".  Bern.  Inponda,&c 
D.  pusUfym, — Colourless,  with  few  in- 
ternal mmules.    Veiy  contractile,  azid 
changeaole  in  figure. 


FAMILY  DINOBRYINA. 

(XXn.  42,  48,  49.) 

The  anin^cules  of  this  family  are  distinctly,  or  to  all  appearance,  poly- 
gastric,;itod  furnished  with  only  one  aperture  to  the  body;  hence,  like 
polype^  they  can  have  no  true  iJimentary  canal.  They  are  possessed  of  an 
external  case  or  sheath,  and  have  the  power  at  will  of  changing  their  form, 
but  are  without  appendages,  except  one  species  of  Dinobryan,  whidi  has  a 
f  simple  filiform  probosds  and  a  delicate  red  spot  at  the  anterior  portion  of  tlie 
^  body.  The  nutritive  apparatus  is  obscure  and  undefined.  The  lorica  is  of  the 
form  of  a  little  pitcher  (ureeolus),  to  the  bottom  of  which  the  veiy  contractile 
Euglena-like  creature  is  attached.     Two  genera  only  are  known. 

Genus  EPIPTXIS  (XXU.  42).— The  characteristics  of  this  genuis  are 
mostly  of  the  negative  kind ;  it  wants  the  eye,  and  is  attached.  The  moat 
evident  animal  character  possessed  by  the  species  is  the  Amnel-shaped  oiifiee 
at  it9  anterior  extremity.  The  soft  or  pulpy  body  is  lodged  within  a  delicate 
membranous  (not  silicious)  lorica,  usuaUy  afElxed  by  a  pedicle  or  foot. 

Stein  presumes  Epipyocis  to  be  merely  a  younger  condition  of  Dinohryen^ 
with  which  it  occurs  frequently  in  company.  Be^des  this,  the  peculiar  o^« 
like  nucleus  occurs  alike  in  Epipyxxs  and  in  Din.  Sertularia, 
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The  figure  Tepreeents  a  group  of  several 
attached  to  a  portion  ot  Conferva. 
1-640". 


Efipyxis  Uirieuhia  (xxn.  42).~Small, 
conical,  and  pitcher-like,  filled  with  jrel- 
lowiah  granules;  attached  hj  a  pedicle. 

Genus  DINOBRYGN  (XXTT.  48-49).— Distinguished  from  the  preceding 
genus  hj  possessing  an  eye-speck  and  freedom  of  motion.  The  lorica  also  is 
largetr  and  looser  around  the  body  of  the  creature.  Beproduction  takes  place 
by  gemmsB,  which  do  not  separate  from  the  parent ;  hence  a  shrubby,  forked, 
and  pol3rpe-like  cluster  is  produced. 


DiNOBitTON  Serhilaria  (xxn,  48,  49). 
— ^Lorica  (sheath)  large,  slightly  excised 
and  dilated  at  tJie  mouth,  but  constricted 
above  the  base  or  the  attached  extremity. 
This  animalcule  is  readily  overlooked,  by 
reason  ai  its  crystalline  lorica,  and  often 
nearly  colouilefls  body ;  by  a  patient  in- 
vestigation, however,  the  little  colony 
may  be  perceived  rolling  along,  and  ad- 
vancing in  the  field  of  view.  Within 
each  lorica  a  pale-yellow  animalcule  may 
be  noticed,  in  form  somewhat  resembling 
the  Toonffof  Chhroffonmm  or  of  JBuglena 
raTMM.  The  creature  is  aUe  to  contract 
itself  into  a  rounded  mass  at  the  bottom 
of  its  case,  or  it  extends  itself  to  the 
mouth  of  the  lorica,  but  not  beyond  it 
A  red  speck  occurs  at  the  anterior  part 
of  the  body,  from  which  a  single  thread- 
like filament  is  (ootruded  beyond  the 
sheath.  The  vibrating  filaments  of  the 
several  members  of  the  colony  propel  it 
tfarough  the  water  like  so  many  paadles. 
In  bog-water.    Length  of  ammalcule 


1-670",  cluster  1-120".  Stein  in  the 
course  of  his  researches  met  with  a  spe- 
cimen of  Dmohryon  Sertularia  which  he 
likens  to  a  Eugleniform  being,  living  m 
a  crystalline  goblet-like  sheath,  much 
like  that  of  Vaamkola  crystaUma  or  of 
Cothurniaimberbis,  The  sheaths  grouped 
on  a  stem  are  only  mechanically  umted 
together;  and  nt^  under  no  circumstances 
deVelope4iil^^^fes8ive|remmation  from 
the  hindmost  one,  asEhrenberg  supposed. 
Each  being  has  a  dear,  homogeneous, 
discoid  nu(ueus  n^  its  base,  containing  a 
central  nucleolus* 

D.  (P^  sociale. — Small,  enveloped  in  a 
shell  or  a  simjdyconical  shape,  truncated 
at  the  mouth.  "Developed  in  the  form  of 
a  shrub-like  pol3rpary.  In  fresh  water. 
1-860",  cluster  1-280". 

D.  gracUe. — Less  branching  (fruti- 
cose),  lorica  slightly  constricted  at  the 
middle,  aperture  truncated.  Ammalcule 
1-2060^'. 


:  \ 


^^ 


OF  THE  GROUP  PROTOZOA:  (p.  199)l\ 


Sf 


Lr  the  arrangement  pursued  in  the  first  part  of  this  work  the  ProtozS^  follow 
the  Fhytoioa,  and  are  primarily  divided  into  two  chief  subsection^  viz. — 
Rhizopoda  and  CiHata.    These  we  shall  treat  as  two  groups  of  Iwiisoria^ 
divisible  into  a  few  subgroups,  and,  commencing  with  the  Ehizopoda,  shal^^ 
treat  systematically,  first  those  beings  properly  called  so,  and  afterwards,  asi| 
subgroups,  the  Actinopluyina  and  the  Acinetina.     The  Ciliata  and  their  divi-> 
sions  will  follow  next. 


GROUP  IL— RHIZOPODA  (p.  201). 

(Plates  XXI.-XXin.) 

Thd  term  and  its  synonym  Pseudopoda  are  derived  from  the  leading  charao* 
teiistic  of  the  class,  viz.  tiie  variable  processes  or  false  feet  which  serve  as  their 
loeomotiye  organs.    The  former  appellation  is  more  in  vogue,  but  its  extent 
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of  signifioation  is  ill-defined.  Some  would  apply  it  to  the  whole  coQection  of 
animalcules  composed,  as  &r  as  their  organic  material  is  concerned,  of  the 
self-same  simple  homogeneous  sarcode,  whether  this  exist  naked,  as  in  the 
Amoebeea,  or  whether  enclosed  within  a  simple  single-chambered  shell,  as  in 
the  Monothalamia,  or  in  a  many-chambered  or  compound  one,  as  in  the  Poly- 
t.bftlftTnift  or  Eoraminifera.  Siebold  extends  to  the  Rhizopoda,  as  a  dass,  this 
wide  signification.  Others,  and  among  them  Ehrenberg,  would  so  fSar  limit 
it  as  to  assign  to  it  only  the  naked  Amoebsaa  and  the  monolocular  Axcellina. 
Indeed,  the  last-named  author  holds  the  opinion  of  an  actual  difference  in 
organic  nature  between  his  presumed  Polygastric  Pseudopoda  and  the  Fora- 
mmifera  or  Polysomatia.  Dujardin  adopt^  the  peculiar  course  of  rejecting 
the  Amoebsea  from  the  Rhizopoda,  which  in  his  system  included  both  mono- 
locular and  multilocular  forms.  In  our  general  history  of  the  Rhizopoda 
(p.  201),  we  have  used  the  term  in  its  widest  signification,  to  include  naked 
monolocular  and  multilocular  beings ;  but,  in  order  to  keep  this  systematic 
portion  of  our  work  within  moderate  bounds,  we  shall  here  give  only  the 
descriptive  account  of  the  Amcebaea  and  Arcellina.  Were  another  reason 
requii^  than  that  assigned  for  this  proceeding,  a  strong  one  might  be  found 
in  the  fact  of  the  approaching  completion  of  an  elaborate  work  on  the  Pora- 
minifera  by  Professors  Williamson  and  Carpenter,  who  are  so  well  known  for 
their  extensive  acquaintance  with  this  class  of  organisms. 

Families: — 1.  AmcBbsea  ;  2.  Monothalamia  (Arcellina) ;  8.  Polytha- 
lamia  (Foraminifera) ;  4.  Actinophryina;  5.  Acinetina. 

FAMILY  I.— AMGEBuSlA  or  AMCEBINA. 

The  Amoebsea  present  the  simplest  form  of  organic  life,  and  are  typically 
represented  by  a  microscopic  particle  of '  sarcode,'  or  muco-gelatinous  oi^ganie 
matter,  possessing  within  itself  the  power  of  growth,  of  assimilatian  of  ex- 
traneous substances,  of  movement  by  means  of  irregular  and  ever-changing 
offehoots  from  itself — "  variable  processes," — and  capable  of  multiplication  bj 
the  severance  of  portions  of  itself,  and  probably  of  development  by  internal 
germs  or  gemmules.  They  present  no  definite,  constant  figure,  although  it  is 
possible  to  distinguish  different  AmoebsBa  by  the  more  frequent  outline  they 
exhibit,  or  by  the  length  or  figure  of  their  pseudopodes.  The  general  opinion 
is  that  the  sarcode  of  which  they  consist  is  naked  and  homogeneous ;  bat 
Auerbach  (see  ante,  p.  205)  has  advanced  the  statement  that  they  are  all  en- 
closed within  an  integument.  A  movement  of  granules  is  perceptible,  espe- 
cially along  the  margins  of  the  variable  processes.  A  nucleus  with  a  nudeolns  is 
believed  to  be  generally  present ;  vacuoles  are  almost  always  distingQishable ; 
and  one,  two,  of  even  more  contractile  vesicles  have  been  seen  in  some  speci- 
mens. There  seems  evidence  of  the  process  of  encysting  taking  place  under 
certain  conditions.  Amoebiform  beings  are  not  neces«uily  of  an  animal  natore ; 
for  some  have  latterly  been  proved  to  occur  in  the  cycle  of  development  of  some 
of  the  simplest  plants.  Ehrenbeig  described  Amoebsea  as  polygastric  ani- 
malcules, having  a  mouth  but  no  alimentary  canal,  and  moving  by  variable 
processes,  produced  from  any  part  of  the  body  indifferently.  He  observed 
vacuoles  (digestive  sacs)  in  all,  and  self-division  in  Amoeha  diffluens.  The 
Amoebesa  are  organically  related  to  the  Arcellina  and  Forammifera,  from 
both  of  which  groups  they  differ  by  being  naked,  or  unendosed  in  a  shell 
(see  p.  234). 

Only  one  genus  is  distinguishable,  viz. 

Genus  AMCEBA,  which  is  therefore  represented  by  the  description  of  ihe 
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fiBunily.  The  following  species,  however,  are  distingaished,  although  it  is  hard 
to  d^ne  specific  form  in  such  variable  creatures. 


AlfCBBA  I^rmctps    (XXL    4).  —  ColoUT 

pale  veUow,  processes  numerous,  of  a 
cylinimcal  outline,  with  thick,  rounded 
extremities.  Its  figure  when  iu  a  passive 
orncm-ieptantcoimitionis^obuliff;  but 
this  chaiicter  is  of  no  specific  value,  the 
natonl  tendency  of  any  similar  semi- 
fluid, mucouB  particle  being,  by  the 
foice  of  cohesion,  to  assume  such  a  form. 
Amongst  NavicuUa  and  Alg»  in  fresh 
water.     1-140"  to  1-70". 

A.  MmfcoML— Smaller  than  the  last; 
cokrailess ;  processes  globular,  ovoid^  of 
a  wart-like  appearance.  Motion  sluggish, 
like,  indeed,  all  Anuxhtt,  Never  exceeds 
1-240".    Amongst  aquatic  plsnts. 

A.  cij^lu«»«.~<)olourl6SS ;  expands  into 
a  filmy  form  and  throws  out  processes 
which  are  longer  than  those  of  A,  verru" 
eoso,  and  rather  pointed  at  the  ends. 
This  species  is  a  very  interesting  object 
under  the  microscope:  at  times  it  re- 
sembles a  turbid  lump  of  jelly-looking 
matter:  at  others  a  transparent  gelati- 
nous film,  with  numerous  outstretched 
proeeseee  slowl;^  protruded  at  one  part 
and  withdrawn  mto  the  general  mass  at 
another,  but  so  acted  on  as  to  serve  to 
poduce  a  very  slow  (mward  movement 
its  movements  may  be  compared  in  ap- 
pearance to  those  wnich  mav  oe  imagined 
as  exhibited  by  a  many-iooted  animal 
tied  up  in  a  sack.  Usual  sixe  1-300". 
Common  amongst  Leinn». 

A.  radiaaa  (xxn.  1-3). — Colourless; 
smaller  than  A.  d^ftuens ;  processes  nu- 
merous, long,  slender  jM>inted,  disposed  in 
a  radiating  manner.  When  contracted,  it 
resembles  A^t^hemm  itsfflobose  figure. 
Colouring  matter  is  readuy  taken  into 
its  sobstimce.    In  bog-water.    1-240". 

A.  longipe$, — ^Very  smaU;  processes 
very  long,  one  of  them  often  four  times 
the  lengui  of  the  body ;  acute  and  hya- 
line, without  expansions.  1-2600".  Cux- 
haven,  in  the  sea. 

A.  jR(B$M  (Duj.). — ^Diaphanous ;  pro- 
ceases  numerous,  some  very  obtuse,  others 
digitate,  and  others  also  pointed  or 
jagged.  1-130".  Large  vacuoles  occur 
aM>ut  the  middle  of  uie  body,  looking 
like  laige  globules. 

A.  maritui  (D.). — ^Filled  with  granules 
at  the  centre ;  difiers  from  A,  difiuem 
only  in  its  dimensions  and  habitat,  i.  e, 
the  sea.     1-260". 

A.  GleUhemi  (D.). — ^Varies  from  a  glo- 
bular to  a  very  long-oval  figure ;  dividing 
into  two  or  three  lobes. on  one  side; 


vacuoles,  and  some  nearly  opaque  gra- 
nular bodies,  at  the  centre.  1-400^  tq 
1-800". 

A.  muUUoba  (D.). — ^This  maybe  but  a 
variety  of  A,  QlekhenUy  but  deserves 
pointing  out,  as  much  from  the  circum- 
stance of  its  habitat  as  from  its  fonn. 
1-1300".  It  seems  softer  than  other 
2>ecies,  and  moves  actively,  emitting 
from  its  border  in  various  directions  ten 
or  twelve  rounded  lobes,  whidi  five  it  a 
most  irregular  figure.  It  was  found  in 
an  infusion  of  meal  which  had  been  kept 
nearly  two  months. 

A.  Idmax  (D.)  (xxn.  4-6). — ^Diapha- 
nous, rounded  on  each  side,  more  or  less 
globose,  and  but  slightly  lobed;  glides 
along  in  a  nearly  straight  line ;  contains 
very  distinct  granules,  and  a  very  clearly 
marked  vacuole.  Found  in  Seine  water 
kept  for  eight  months.  It  may  be  but  a 
more  advanced  degree  of  development 
of  the  preceding,  or  of  the  following 
species;  its  greater  transparency,  how- 
ever, and  its  semi-fluid  consistence,  seem 
sufficiently  distinctive.  1-260"  to  1-800". 
Auerbach  sugp^ests  that  this  species  is 
onlv  a  yomiK  firm  of  A,  Princeps, 

A.  GutUda  (xxn.  6).  —  Dif^hanous, 
orbicular  or  ovoid ;  ghdes  in  a  straight 
course,  and  contains  very  distinct  gra- 
nules. This  is  one  of  the  most  common 
species,  but  may  easily  escape  notice  on 
account  of  its  great  transparency,  the 
simplicity  of  its  form^  and  me  slowness 
of  its  movements,  in  river-  or  marsh- 
water,  kept  for  some  time,  containing 
plants.    1-620"  to  1-890". 

A.  lacerata  (D.). — Symmetrical,  ru- 
gose, plaited,  and  granular,  rather  dia- 
phanous, with  broad  expansions,  looking 
membranous  at  the  base,  terminated  by 
several  tapering  torn  points ;  one  or  more 
evident  vacuoles.  1-2800"  to  1-890".  In 
pond-water. 

A.  brachiata  (D.). — Globular;  semi- 
transparent,  porous  and  tubercular,  with 
four  to  six  very  thin  long  and  cylin- 
drical expansions,  straifi^ht  or  flexuose. 
sometimes  bifid  or  branching.  In  animal 
infusions.     1-190". 

A.  crassa  (D.). — More  or  less  rounded, 
thick ;  contains  numerous  gpranules ;  ex- 
pansions rounded,  numerous,  not  very 
prominent.  1-880"  to  1-620".  In  the 
water  of  the  Mediterranean. 

A.  ramosa  (D.).— Globular  or  ovoid ; 
granules  very  numerous :  expansions  nu- 
merous, of  nearly  equal  size,  rounded  at 
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the  extremitiesy  of  tJie  same  length  ae 
the  body,  and  mostly  branched. 

Other  varieties  of  these  peculiar  beings 
are  referred  to^but  not  specially  described, 
byDujardin;  for  one,  nowever,he  pro- 
poses the  name  of  Amaha  mfiata, 

A.  quadnlkxeaia  (Carter).  —  1-360". 
BCr.  Carter  has  given  this  name  to  a 
supposed  new  roeciee  {A*  N.  M,,  1866, 
xvm.  pp.  248, 24o),  of  which  he  gives  a 
diaffram,  but  no  specific  description. 

A.  lateriUa  (Fresenius). — ^Rounded  or 
oval,  or  drawn  out  at  one  end  and  rounded 
at  the  other.  Processes  thin,  finely 
pointed ;  points  very  numerous;  colour 
of  a  brick-red,  becoming  browner  after 
death.  In  water  at  WaUdorf  with  Spi" 
roiama.    1-20  to  1-10  millim. 

A.  acHncphora  (Auerbach)  (xxn.  12- 
18). — ^When  without  processes,  its  form 
is  more  or  less  globular ;  and  even  when 
pseudopodes  are  protrude^  the  figure  is 
usually  not  mucn  altered,  those  pro- 
ceases  being  thin  and  s^icular  with 
pointed  ends  (fig.  18),  though  tJiev  do 
not  exceed  in  length  more  than  1^  tiie 
diameter  of  the  body.  This  species  is 
remarkable  for  the  number  of  crystalline 
particles  found  in  its  interior,  and  for 
the  processes  never  being  entered  bv  the 
granules  of  the  interior  of  the  body. 
Auerbach  believes  that  the  Admo^ 
phrys  viridia  of  Ehrenberg  is  probably 
no  other  than  a  laige  specimen  of  this 
Amaha,  It  is  dose^  allied  to  A,  lnlim» 
hoBo,  but  is  smaller,  its  surfebce  smooth, 
its  processes  radiating  and  simple,  not 
forked,  its  envelope  thinner :  it  contains 
the  peculiar  ciystal^  and  has  no  starch- 

f  lobules  as  seen  in  tne  latter.   1-110'"  to 
-70'".    In  water  at  Breslau. 


A.  biUmba$a  (Ana^Mch)  (tool  7-11, 
20-28).— Figure  more  or  less  globular 
when  processes  absent  or  few ;  nseiido- 
pedes  vary,  being  either  wide  and  lamioir 
with  a  spmous  or  dentate  terminal  mar- 

fin,  or  elongated  and  tubular.    1-50^  to 
-86'". 

A.  porrecea  (Schultse)  (xxi.  8).— Hy- 
aline ;  processes  numerous  from  all  aides 
of  the  irregpularly-shaped  mass,  from 
eight  to  ten  times  longer  than  tiie  latter, 
divergent  like  so  many  fibres,  with  in- 
tercommunicating branches.  Fiasoie 
very  changeable  and  rapidly  so ;  lemaik- 
ably  locomotive.  The  tme  granulee  seen 
to  circulate  through  the  processes.  In 
fresh  and  salt  water. 

A.  ffioMaris  (Schuttze^  (xxi.  2>— 
Granmar,  ddicate,  yellowiah-bvown, 
central  portion  surrounded  by  a  hyaline 
cortical  lamina,  from  which  the  shorty 
stumpy  processes  are  very  dowiy  pn>- 
trudea  and  withdrawn.  Most  of  the 
processes  are  also  remaikable  fitnn  their 
rounded  truncate  ^ids  being  terminated 
by  a  retractile  spine.    Ancona. 

A»  polypodia  (Schultze). — Prooesies 
numerous,  long,  slender,  with  rounded 
or  truncate  extremities,  and  hyaHiie; 
movements  tolerably  active.  Lagoon- 
water,  Venice. 

A.  SekuUsM  (xxr.  1). — ^A  species  indi- 
cated but  not  named  by  Schultse;  to 
distinguish  it,  we  have  applied  to  it 
that  eminent  naturalist's  name.  Centril 
portion  granular;  surroundii^  lamina 
nyaline;  no  granules  enter  the  infeerior. 
Processes  short,  tubercular,  witli  rounded 
extremities.  Possibly  the  same  as  A. 
verrucosa  (£hr.).  In  long-kept  water 
frcnn  Ancona. 


St^lementary  Genera,  or  Sub&imly  of  AMCEBINA. 

Genus  COKYCIA  (Duj.). — ^An  Amoebiform  being,  covered  by  a  very  expan- 
sible, elastic,  flexible  membrane  or  sac,  which  becomes  folded  in  different 
directions  by  the  movements  and  contractions  or  expansions  of  the  animalcule, 
— ^the  whole  organism  sometimes,  after  it  has  several  times  tamed  on  itself 
looking  like  a  folded  piece  of  linen.  The  membrane  remains  distinct  after  the 
animalcule  is  torn  by  needles,  and  the  sarcode  particles  evacuated.  The  latter 
contract  themselves  into  little  balls,  and,  by  the  property  of  vacaolatiQn,becoiiie 
hollowed  by  little  cavities  in  larger  or  smaller  numbers.  The  contents  con- 
sist, besides  sarcode,  of  granules,  vacuoles,  and  foreign  partidee ;  the  firat- 
named  move  in  currents  from  one  part  to  another.  The  expansions  are  not 
pushed  forward,  nor  do  they  glide  along  the  sur&ce  of  reptation  like  those  of 
Aroellina  or  of  naked  Amo^>a! ;  they  proceed  from  various  points  of  the  general 
mass  or  body,  and  seem  to  serve  rather  to  change  the  centre  of  gravity  than 
to  famish  a  point  d'ajppui.    8-100'"  to  20-100'", 

The  name  is  suggested  by  the  membranous  envelope,  which  p^serves  the 
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ammalonlfis  from  being  dried  up  during  the  altematiims  of  dryness  with 
moisture  they  are  exposed  to  by  their  habitat  in  mosses.  They  are  procured 
by  lightly  pressing  the  Jungermanniffi,  moistened  by  the  rains  of  November 
or  December,  or  c^r  they  have  been  preserved  a  little  time  in  water. 

This,  as  Dujardin  remarks,  is  evidently  a  new  genus,  intermediate  be- 
tween the  naked  and  the  loricated  Bhizopoda,  and  standing  in  a  certain 
relation  with  the  NocHluca.    (A.  S.  N.,  1852,  vol.  xviii.  p.  240.) 

No  species  named. 

Oenus  PAMPHAGUS  (Bailey). — An  Amoebiform  being,  covered  by  a  deli- 
cate elastic  integument,  which,  although  it  presents  astonishing  changes  of 
fonn,  and  offers  a  certain  amount  of  resistance  to  internal  and  external  pres- 
sure, yet  admits  of  the  animalcule  transfixing  itself  upon  any  denser  thin 
portion  of  matter  without  any  apparent  damage  (p.  220). 

They  connect,  says  their  discoverer,  "  the  genus  Amcsha  with  DiMugia, 
agreeing  with  the  first  in  the  soft  body  without  shell,  but  differing  in  naving 
true  fBelers  or  rhizopods  confined  to  the  anterior  part  of  the  body,"  or  to  the 
region  of  the  mouth,  as  in  Diffltiffia,  A  specimen  of  Pamphagus,  we  may 
remark,  is  equivalent  to  a  Difflugia  without  a  true  shell  and  with  no  ex- 
traneous matters  to  thicken  and  strengthen  its  covering.  Dr.  Bailey  met 
with  these  animalcules  in  a  vivarium,  into  which  <<  bits  of  boiled  beans  and 
potatoes  had  occasionally  been  introduced  as  food  for  other  animalcules," 
and  numerous  starch  granules  were  found  in  their  interior.  He  also  repre- 
sents it  as  having  a  mouth,  and,  being  an  adherent  of  Ehrenberg,  as  polygas- 
tric ;  but  the  mouth  so  described  was  the  orifice  of  the  sac  through  which 
tiie  pseudopodes  were  protruded,  and  therefore  the  homologue  of  the  foramen 
of  monothalamous  sheUs. 

This  genus  is  evidently  very  closely  allied  to  Corycia  (Duj.).  The  only 
di£ference  of  moment  is  tiiat  in  the  latter  the  expansions  of  the  sac  proceed 
from  any  part  of  the  sur^Etce,  whilst  in  PampJiagus  its  discoverer  describes 
them  as  given  off  only  from  one  spot  at  the  anterior  end. 

FAMILY  n.—AKCELLINA  (Ehr.)    (Pt.  I.  p.  201  e<  <<5g.) 
(XXI.  6-17.) 

Amabas  invested  with  a  single-chambered  cell  or  lorica,  having  also  but 
one  opening,  mouth,  or  foramen.  The  animal  substance  or  sarcode  contained 
within  the  shell  is  indistinguishable  from  that  of  the  naked  Amoebas,  and  is 
not  more  organised.  The  form  of  the  pseudopodes  given  off  from  around  the 
mouth  of  the  sheU  are  to  some  extent  employed  in  defining  species ;  but  the 
fliie  and  conformation  of  the  shdl  and  of  its  opening  are  of  much  more  im- 
portance systematically. 

Ehrenbcorg  instituted  this  feanily  for  all  one-chambered  Ehizopodous  shells 
which,  in  lus  belief,  were  of  a  siUcious  composition,  and  rejected  from  it 
some  similar  shells  which  were  of  a  calcareous  character.  This  distinction, 
however,  is  based  on  erroneous  notions  (p.  219) ;  and  naturalists  now  concur 
in  bringing  together  all  unilocular  Ehizopoda  into  one  group,  under  the  name 
of  Monothalamia. 

The  Arcellina  were  represented  by  Ehrenberg  as  polygastric  animals, 
with  an  alimentary  canal,  and  enclosed  by  a  lorica,  through  the  single 
opening  of  which  they  extended  their  variable  processes.  He  also  described 
digestive  sacs,  but  was  unable  to  discover  either  their  mode  of  reproductbn 
or  their  multiplication  by  fission  or  gemmsB. 

Only  four  genera  of  Arcellina  were  enumerated  by  Ehrenberg ;  their  cha- 
racten  and  mutual  relations  are  shown  in  the  following  tabuhir  view : — 
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Ohanmble  prooenes     (     LorioA  qiherioftl  or  ton-like Difflii|ia. 

nMuant,  generally     I      Lorioa  a  flat  spiral    Spirillina. 

numerous   [     Lorica  discoid  or  shield-shaped  Aroella. 

Ohangeable  processes  broad  and  unbranohed    Cjidiidium. 

The  genus  Spirillina  is  a  very  exceptional  form ;  it  has  a  spirally-ecHled 
shell,  apparently  porous  throughout,  like  one  of  the  Foraminifera,  and  like 
them,  too,  a  marine  habitat.  Its  only  affinity  with  the  Aroellina,  according 
to  Ehrenberg's  account,  is  the  silidous  nature  of  the  shell ;  but  even  were 
this  established,  it  would  not  exclude  it  from  the  Foraminifera,  amcmg  which 
silicious  testae  are  known.  Of  Cyphidium  little  information  exists;  and 
Ehrenberg's  account  is  by  no  means  satisfactory.  The  same  may  be  said  of 
the  figures  he  gives  of  it. 

Dujardin  divides  the  "  Ehizopodes,'*  excluding  the  Amoebsea,  into  two  sec- 
tions, according  to  the  form  of  the  variable  expansions.  The  first  section  cor- 
responds to  the  family  Arcellina  of  Fhrenberg,  and  comprehends  those  species 
provided  with  short  thick  expansicms,  rounded  at  the  extremity.  Such  are 
the  Difflugiat,  possessing  a  fiexible  membranous  lorica,  without  visible  tex- 
ture, mostly  of  globular  form,  from  the  aperture  of  which  the  expansions 
radiate :  such,  too,  are  the  Arcell^as,  having  a  discoid  lorica,  flattened  on  the 
side  along  which  they  move  (the  plane  of  reptation),  where  is  a  central 
round  opening,  frx)m  which  the  expansions  proceed,  the  latter  lying  thus  be- 
tween the  shell  and  the  surface  along  which  it  glides ;  the  lorica,  moreover, 
is  brittle,  and  often  reticulated,  or  areolated.  The  second  section,  much 
larger,  comprises  beings  of  every  variety  of  form,  and  having  very  numerous 
filiform  expansions,  ending  by  very  fine  extremities.  Of  these  varieties  ho 
makes  three  tribes ;  the  first  distinguished  frx)m  the  Difflugice  only  by  the 
slender  character  of  the  expansions,  except  that  in  one  genus,  Trinema,  the 
opening  is  lateral ;  the  second,  represented  by  the  genus  Euglypha,  having  a 
lorica  beset  with  tubercles,  or  areolsB,  disposed  spirally ;  and  the  third  by  the 
genus  Oromiaf  having  a  spherical  membranous  shell,  and  very  long  and 
hrandung  expansions. 

The  remainder  of  the  "  Bhizopodes,"  as  described  by  Dujardin,  are  com- 
prehended in  the  Pol3rthalamia  by  other  authors.  Of  these  he  constitutes  two 
tribes, — one  represented  by  the  single  genus  MiUola,  which,  like  Ghvmia  and 
the  examples  of  the  first  tribe,  has  but  a  single  lai^  opening  in  its 
lorica  for  the  escape  of  the  expansions ;  the  other  by  several  genera,  all 
of  which  give  off  numerous  filiform  expansions  from  many  distinct  pores 
(foramina)  of  their  shells,  and  hence  called  Foraminifera, 

Siebold  included  the  first  and  second  divisions  of  Digardin's  dLass  Bhiz^^^ 
poda  in  his  group  of  Arcellina. 

M.  Schultze  framed  the  division  of  the  Monathalamia  from  the  structure 
of  the  shells ;  but  he  admitted  amongst  them  the  genus  Or6uZtna,  which 
possesses  the  very  exceptional  character  of  having  numerous  pores  to  its 
shell,  instead  of  a  single  opening.  The  three  families  instituted  were: — 
1.  Lagynida;  2.  Orbulinida;  3.  Comuspirida  (see  p.  241).  The  first-named 
family  corresponds  most  nearly  to  Ehrenberg's  ArceUina,  although  it  con- 
tains several  genera  usually  described  in  histories  of  the  Foraminifera,  and 
omitted  by  the  Berlin  naturalist.  The  following  are  enumerated : — Arcellay 
Difflugia,  Cyphidium,  Trinema,  Euglypha,  Oramia,  Layynis,  Ovulina  (d'Or- 
^^P^7)f  Fissurina  (Reuss),  Squamtdina,  and  the  doubtfril  genera  of  Schlum- 
berger — Lecquereusia,  Cyphoderia,  Pseudodifflugia,  and  Sphenoderia.  The 
genera  Lagtfnis  and  Squamtdina  are  two  new  ones  formed  by  Schultze  him- 
self.    It  will  make  this  history  more  complete  to  introduce  these  new  genera 
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of  Lagynida,  as  irell  as  the  interestmg  Camuipira  described  bj  Schultze.    Of 
Fiuwrina  we  have  no  details. 

Dr.  Bailey,  of  New  York,  adds  another  new  genns  to  the  Monothalamia, 
under  the  name  of  Cadium, 

Genus  DIEFLUGIA. — Shell  of  one  chamber  (nnilociilar)  with  a  single 
i^rture,  nsuallj  of  a  more  or  less  spherical  or  ovoid  shape,  but  sometimes 
more  elongated  and  davate,  or  pitcher-shaped;  thin,  opaque,  of  a  dark 
olive  or  brown  colonr,  in  general,  when  occupied  by  the  living  organism,  but 
when  empty,  hyaline  and  colourless.  The  surface  of  the  shell  is  either  smooth 
or  sculptured,  and  occasionally  armed  with  spine-like  processes.  In  a  few 
spedea,  D,  proteiformiSf  D,  acvminaia,  and  D,  gigantea^  the  envelope  does 
not  acquire  even  the  usual  homy  consistence,  but  is  soft,  and  becomes 
strengthened  by  the  adhesion  of  foreign  particles  of  sHex  and  other  matters, 
which  give  it  a  rough,  irregular  appearance.  The  aperture  or  foramen 
varies  id  figure  and  size,  and  furnishes  valuable  specific  distinctions.  The 
pseudopodes  are  characterized  as  being  cylindrical,  not  much  elongated,  and 
obtuse  or  rounded  at  the  extremities. 


jyrgTLVQiA  proteiformia, — Ovate,  eub- 
globoee,  covered  by  a  coating  of  minute 
ffiains  of  sand,  and  either  of  a  deep  olive, 
black,  or  greenish  colour.  Processes 
hyaline,  from  1  to  10.  1-240".  Among 
OsciUatorisd. 

D.  obhnga, — Oblong,  ovate,  or  orbi- 
cular, smooth,  and  of  a  brownish  colour ; 
processes  fewer  and  stouter  than  those 
of  the  preceding  species.  Among  Oscil- 
latoriae,  &c.  l-2w'.  Sur&ice  irregu- 
larly reticulated. 

l5.  acummatcL  —  Oblong  and  rough, 
with  minute  grains  of  sand ;  posteriorly 
pointed ;  processes  hvaline.    l-TO". 

D.jE^k!Ae/y»(xxi.l9a,/).— Oval;  co- 
louriess ;  truislucent  and  smooth,  round- 
ed dorsallv;  processes  transparent, 
slender  ana  small ;  aperture  lateral.  This 
is  the  smallest  species  of  the  genus. 
1-30"'  1-15'".  In  stagnant  water.  Du- 
jardin  refers  it  to  his  genus  Trinema, 

D.  AtnpuRa. — Oblong,  club-shaped,  ele- 
gantly marked  by  an  oblique  series  of 
dots  (puncta) ;  hyaline ;  foramen  ovate. 
1-680^.    At  Salzburg. 

D.  tpiralu  (Bailey). — Sub-globose,  mi- 
nutely granulated:  upper  sur&ce  im- 
equal,  with  a  spiral  Une  of  two  or  three 
tome.  Varial^e  processes  numerous, 
constantly  changing  position,  hyaline. 
1-680".  Berlin  and  United  States. 
Freeenius  remarks  that  some  large  spe- 
dmens  are  met  with  coated  with  coarse 
particles,  like  D.  proteiformiB,  instead 
of  the  usual  finely  reticulate  lines.  It 
attains,  he  says,  in  size  to  1-7"'. 

D.  aeanthophora  (xn.  64). — Ovate, 
oblong,  loosely  areolated ;  foramen  den- 
tated;  armed  posteriorly  with  three  or 
four  spines  (acmei). 


D.  areolata, — ^Lorica  and  foramen  aa 
in  the  preceding,  but  the  spines  defi- 
cient 

D.  denUeulata. — Ovate,  oblong,  smooth ; 
foramen  with  twelve  dentations. 

D.  LageruL — Clavate,  or  of  the  form  of 
a  bottle;  smooth,  without  reticulations; 
margin  of  opening  entire. 

D.  laevigata. — Ovate,  oblong^  smooth ; 
foramen  with  eight  dentations;  ap- 
proaches 2).  derdiculata. 

D.  striokUa, — Ovate,  oblong,  delicately 
striated  longitudinally ;  foramen  with  a 
dentated  border. 

D.  Bructeri, — Ovate,  surface  rugose ; 
the  end  presenting  the  aperture  rather 
attenuate  but  truncate ;  mai^gin  of  aper- 
ture entire.     1-1060".     On  moss. 

D.  eanceUata, — Oblong,  obtuse;  sur- 
face beset  with  imperfecuy  rounded  cells, 
5  to  6  in  1-2500" ;  i^rture  narrow,  en* 
tire.     1-1040".    On  moss. 

D.  ciUata,  —  Ovate,  sur&ce  areolar; 
each  posterior  areola  furnished  with  a 
cilium  or  cirrhus;  constricted  towards 
the  foramen,  which  has  10  to  16  denti- 
cnlations.  1-936".  Common  in  Her- 
cynia. 

D.  sermmdum, — Shorter,  ovate,  brown, 
surface  with  narrow  and  small  areolae ; 
aperture  wide,  very  finely  denticulated 
or  entire.  1-2600"  to  1-1260".  On  moss 
and  stones. 

D.  ooUaris. — ^Narrowed  like  a  neck  be- 
hind the  aperture;  straight,  attenuate, 
pyriform  or  sub-clavate ;  surface  irregu- 
larly cellular;  cells  small,  but  of  eaual 
size,  except  about  the  neck,  where  tney 
are  smaller;  aperture  entire.  1-840". 
About  roots  of  trees. 
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D.  Dry  OB,  —  Ovate  :  apertaie  entiie, 
truncate  \  sorfi&ce  marked  with  longitu- 
dinal lines  of  ovate  cells,  which  decrease 
in  size  posteriorly.  1-1170".  On  roots 
of  trees. 

D.  oligodon,  —  Smooth,  oblong,  sub- 
cylindrical  ;  aperture  with  eight  strong 
denticulations.  1-1000".  This  spacies 
and  the  two  following  foimd  in  Kxa~ 
distan. 

D.  reUcukOa, — Ovate,  surface  marked 
b^  a  net-work  of  minute  cells ;  aperture 
sunple,  large.  In  its  interior  are  nu- 
merous |>amclee  like  aggregated  buds; 
the  margin  of  the  foramen  is  sometimes 
dentate.    1-880". 

D.  aqitamata, — Ovate,  with  large  loose 
areolfio,  looking  like  scales  (squama); 
j^^d«aticnl«te,truBcate,oont«cted. 

D.  9pingera. — Pyriform,  smooth  5  neck 
distinct,  cylindri<^,  truncate;  orifice 
large^entire;  opposite  end  turgid;  round- 
ed. The  sumce  presents  four  spiral  lon- 
gitudinal lines.    1-86"'.    Bavarian  Alps. 


The  first  of  the  appended  species  is 
from  Duiardin,  the  others  firom  Schlum- 
berger  (Ann,  des  Sciences  Nat,  1845, 
p.  &t)  :— 

D.  gloMoea  (toi,  10). — ^Brown,  glo- 
bular, or  ovoio,  smooth.  1-260"  to 
1-106".    Near  Paris. 

D.  depresea, — Diaphanous,  ovoid,  de- 
pressed, resistant ;  its  surface  divided  by 


slight   fissures  Qines)   into 
snu^  and  irregular  polygonal 
1-220".    Aperture  with  an  uneren  i 
gin.    In  springs  in  the  Vosgeo. 

D.  gigatUea. — Gbreyish  brown,  rough, 
as  if  ^zewed  with  particleB  of  sand, 
ovoid,  elongated,  and  contracted  an- 
terioriy.  1-325"  to  S-325".  It  ap- 
proaches D.  proieifomns,  but  differs  m 
its  more  elongated  form,  in  being  con- 
tracted anteriorly  and  ahnoet  pyriform, 
sometimes  depr^sed,  and  lastly  in  its 
greater  size :  margin  of  aperture  uneven. 

D.  fyiaupii  rCarter).— ftoceases  ooot- 
pied  by  granules,  greenish ;  testa  ovo^ 
little  insisted;  its  foramen  tricuspid  in 
form,  or  of  trefoil  sha^  (A.  N,  S.  1856^ 
xviiL  p.  247].  Fresemus  apijears  to  have 
met  with  tms  form,  but  considers  it  only 
a  variety  of  2>.  oblonga.    1-830^. 

D.P  marina  (Bailey).— Shell  silid- 
ous  (P),  ovoid  pr  lagenoid,  with  a  con- 
tracted neck  and  circular  aperture ;  sur- 
&ce  divided  by  oblique  lines  into  quadri- 
lateral spaces.  cV  of  1-1000",  diam.  li  of 
1-1000". 

A  single  specimen  was  found  in  sound- 
ings taken  from  a  depth  of  2750  fiithom% 
which  had  been  deaned  with  adds. 
This  resistance  to  acids  induced  Dr. 
Bailey  to  consider  the  shell  sHicious, 
but  we  now  know  that  chitinoiis  shdk 
are  equally  unaffected.  The  discoverer 
doubted  its  being  a  D^fiugioy  on  account 
of  its  marine  habitat. 


Genus  SPIEILLINA. — Lorica  tabular,  silicioiis  (?),  rolled  in  a  apiial 
manner,  like  a  Planorbis.  It  is  allied  to  Difflugia  by  its  silicious  lorica  (for 
adds  have  no  action  on  the  shell).  This  genus  probably  agrees  with  the 
/^ruUna  of  Bory  de  St.  Vincent;  but  the  latter  name  has  been  otherwise  used 
by  Ehrenberg  to  designate  a  genus  of  Polythalamia. 


S^JBiLLmA  vivwara  (zi.  37).— Shell 
porous,  convoluted  as  a  circular,  spiral, 
Aorixontal  tube,  hyaline  and  smooth. 
Toung  loriciB  may  often  be  found  con- 
nectea  with  it.  In  the  sea — ^Vera  Cruz, 
Mexico. 

The  form  of  this  spedes  recalls  that 
of  many  undoubted  Polythalamia,  whilst 
it  has  no  fellow  amongst  the  Infusoria. 
Ehrenberg  has  likewise  represented  ap- 


parent dots  or  pores  on  its  aur&oe,  like 
those  through  which  the  filiform  pro- 
cesses of  Polythalamia  are  piotraded; 
and  the  only  reason  implied  m  Ehren- 
berg's  account  for  reckoning  it  amon^  the 
Polygastrica  is  its  silicious  shell :  it  is, 
however,  most  probably  chitinou&  It 
vrill  be  noted  that  Ehrenberg  is  inclined 
to  believe  it  viviparous. 


Genus  AECELLA  (XXI.  7-9,  16). — ^Variable  processes,  numerons  and 
hyaline;  single  processes  cleft  into  many,  and  expanded  in  a  radiating 
manner ;  lorica  flattened,  shield-like.  The  lorica  varies  much  in  stracture  in 
the  different  spedes.  For  instance,  in  A.  vtdgaris  it  exhibits  regolar  and 
delicate  facets ;  in  A,  dentata  the  foc^ts  are  large  and  crystalline ;  in  A,  aeu' 
leata  it  is  beset  with  spicula;  and  in  A,  hyalina  it  is  homogeneous  and 
dear.     Vacuoles  are  seen  filled  with  coloured  vegetable  substances;  and  in 
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A.  vulgarii  and  other  species  a  contractile  reaiele  hat  been  peroeiyed.  The 
proeesMB  are  longer,  as  a  mle,  than  those  of  Diffiugtay  fibrous,  and  more 
branched.  The  ^ells  are  yery  commonly  compressed,  and  hare  a  discoid 
figure ;  and  in  none  are  they  soft  and  beset  with  extraneous  particles,  as  in 
Difflugioj  bat  are  chitinons  and  dastic. 

^'  The  AredlcB  (says  Dujardin)  seem  to  differ  among  themselyes  by  the 
intimate  structure  of  their  lorica,  which  sometimes  appears  membranous, 
at  others  finely  striated,  reticular,  or  with  granules  disposed  in  spiral  lines. 
Some  ArceUa  have  also  spinous  px>loiigation8  from  the  border  of  Iheir  lorica. 
Pressure  fractures  their  lorica  like  a  brittle  substance.  The  contained  sub- 
stance escapes  through  the  cracks  so  formed,  in  the  form  of  contractile  expan- 
sions like  those  of  AmctbcB,  .  I  have  seen  one  larger  lobe  almost  separated, 
as  if  about  to  become  an  independent  being.  M.  Peltier  has  observed  con- 
tact to  take  place  between  the  expansions  of  neighbouring  ArMm  without 
any  union  bemg  effected,  while  the  processes  of  the  same  AreeUcB  united  and 
became  blended  together. 

*^  The  lorica  in  young  ArceUcB  is  extremely  diaphanous ;  and  granulations 
or  striie  are  to  be  seen  only  in  those  of  hag&r  size :  hence  it  may  happen,  with 
respect  to  some  species,  that  they  represent  but  different  stages  of  existence 
of  the  same  animal.'' 


Abcella.  vuiffortB  (xxj.  7,  8,  9).  — 
Lorica  lomid  and  beil-ehaped,  with  a 
hemispherical  or  turgid  back;  smooth, 
but  with  rows  of  minute  granules ;  colour 
yellow  or  reddidi-brown.  Abimdant 
amongst  Lemne  and  aquatic  plants. 
1-57^'  to  1-240." 

A.  aculeata. — ^Tellowish,  hemisperical, 
thou^  often  mis-shapen,  and  spinouB 
throughout,  or  only  around  one-half  of 
the  maiffin ;  the  shell  la  not  readily  de- 
stroyed by  heat,  and  is  coyered  with 
short  spicula.    1-310". 

A.  defUata, — Membranous;  of  a  he- 
mispherical or  polygonal  form ;  margin 
dentated;  colour  yellow  or  green. 
Amongst  Confervae.    1-670"  to  1-240". 

A.  (r)  hyaUruL — Membranous,  smooth, 
elliptical  or  fflobular,  smaller  than  the 
preceding,  thin  and  soft,  colourless. 
Found  in  d^ris  at  the  bottom  of  pond- 
water,  along  with  CyphkUum  aureolumj 
&c  1-llW  to  1-670".  The  aheU  is 
not  quite  symmetrical,  one  side  being 
more  convex  than  the  other.  Aperture 
sometimes  irregular.  Ehrenbergwas not 
certain  that  this  species  is  not  a  iHfiugia, 
It  is  indeed  very  like  many  specimens  of 
D.JBnchehfB. 

A.  Ameneami,  -—  Oblong;  aperture 
small^  round,  not  in  the  meaian  hne. 

A.  cotuiricta, — Ovate;  slightly  con- 
tracted about  the  foramen,  wmch  is  very 
laorge  and  to  one  side. 

A.  diaphara,  —  Oblong,  almost  di- 
vided into  two  by  a  central  constric- 

QeaoB  CYPHIDIUM  (XXII.  24-27).— Has  only  one  dilated  variable 
process,  and  a  lorica  oi  Uie  form  of  a  pitcher,  with  protuberances  issuing 
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tion ;  one-half  nearly  occupied  by  the 
large  foramen.  This  is  a  very  doubtfnl 
AroeUOf  and  contrary  in  form  to  the 
character  of  monothalamous  cells.  A 
comparison  of  Ehrenbeiv's  account  with 
his  figures  leads  us  to  oelieve  this  sup- 
posed species  to  be  no  other  than  a  young 
MotaUa  of  two  ceUs  (xx.  41),  or  other 
incomplete  polythalamous  sheU. 

A.  «corm».-— Large;  hemispherical,  not 
areolar;  aperture  round^  huge,  placed  to 
one  side ;  entire. 

A.  bmata, — Subglobose,  large;  with 
a  wide  semi-lunar  opening,  seated  to  one 
side. 

A.  Nidus-penduluB.  —  Ovate-oblonff, 
hyaline,  loosely  areolated;  aperture  m 
front,  oblong,  margin  entire. 

A.  ISlens, — ^Hemispherical,  depressed, 
reddish,  minutely  sua  degantlj  areolar; 
aperture  central,  circular. 

A.  P  Gffo&M&i*.  — Subglobose;  with 
loosely  reticular  lines,  appearing  granu- 
lar ;  aperture  larse,  simple.  l-7o(r.  On 
moss  at  Berlin,  Potsdam,  &c. 

A.  granulata, — Oblouff,  hyaline.  Has 
the  hM)itat  and  8i2e  of  A,  hyaUna,  with  a 
eranular  instead  of  a  smooth  surikce. 
1-940".    On  moss  in  Hercynia,  &c. 

A.  eaudicola, — Ovate,  oblong,  rounded 
at  each  end,  hyaline,  very  delicately 
hispid,  not  areolar;  aperture  anterior, 
round,  kree.  1-840".  Habitat  of  A, 
yidu9-penaulu».  In  Venezuela,  on  roots 
of  plants,  such  as  ferns,  &c 

A.  OkenH  (Perty)  (xxl  16). 
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from  it.  The  lorioa  is  combostibley  and  is  something  l&e  a  little  die  or 
stamp,  mounted  upon  a  short  stem.  It  is  very  irr^ularlj  formed,  hairing 
protuberances  which  make  it  appear  four-cornered.  The  oigan  of  loeomo- 
tion  is  a  broad  gelatinous  yariable  process  with  smooth  edges,  not  nnhke 
Amceba  verrticosa.  Vacuoles  haye  not  yet  been  observed ;  modes  of  propaga- 
tion unknown. 


tion  they  might  be  seen  to  change  their 
places."  Ehrenbeig  only  once  perceired 
the  locomotiTe  oigan  of  the  animalmle, 
situated  under  one  comer, — upon  which 
it  appeared  to  rest^  and  tiiat  so  nrmly  that 
six  out  of  the  eight  protuberances  of  the 
die-like  lorica  were  visible  at  the  same 
time.  In  %.  26  the  gelatinous  Taziahle 
process  is  seen  projedang  from  beneath 
the  lorica.  Fig.  27  is  a  young  mecnnen. 
1-570"  i»  1-430". 


Oyphtoiuic  aureokim  (xxn.  24-27). — 
Lorica  cubical,  with  protuberances ;  pro- 
cess colourless.  '^  In  March,  1835,"  says 
Ehrenberg, "  1  first  observed  hundreds  of 
these  creatures  in  a  glass  of  water  which 
had  stood  throughout  the  winter,  in  com- 
pany with  some  specimens  of  the  Mi- 
erasUrias,  Previously  to  discovering 
these,  the  Amceba  verrucosa  had  been 
abundantly  generated,  and  afterwards 
Arcdla  hvama.  The  creatures  were  in- 
active, although  by  attentrre  observa- 

Genus  TRINEMA  (Buj.). — Shell  membranous  but  resistant,  diaphanous, 
ovoid  elongated,  narrower  in  fh>nt,  with  a  large  oblique  orifice  placed  late- 
rally ;  expansions  filiform,  as  long  ss  the  shdl,  very  thin,  and  but  two  or 
three  in  number ;  entirely  retracted  when  others  are  to  be  pushed  out  fixnn 
another  side.  The  animal  la  moved  onward  by  their  alternate  protrusion  and 
eontractiqn.    This  genus  ia  accepted  by  Eresenius. 

Trinema  Acinus,  ^D^tuffia  Enchelys  (Ehr.)  (p.  553). 

Genus  EUGLYPHA  (Duj.). — Shell  diaphanous,  resistant,  membranoui, 
elongated,  ovoid,  rounded  at  one  end,  terminated  at  the  other  by  a  very 
large  truncated  orifice,  with  a  dentated  margin ;  its  surface  marked  by  emi- 
nences or  depressions,  in  regular  oblique  series ;  expansions  filiform,  nume- 
rous, simple. 


EuGLYPHA  tuberculata, — ^Lorica  stri- 
ated, with  rounded  tubercles.  Termina- 
tion of  expansions  extremely  delicate. 
1-296".    Found  in  stagnant  ponds. 


R  aheolata  (xxi.  11). — ^Lorica  with 
regular  polygonal  depressions  in  regular 
oblique  (spiral)  series,  bearing  ^ines  at 
the  upper  or  posterior  end.     1-^0". 


Genus  GROMIA  (XXI.  12, 16)  (Duj.).— Lorica  smooth,  yellowish-brown, 
membranous,  soft,  globular,  with  a  sm^Jl  round  opening,  from  which  the  very 
long  branching  expansions  proceed,  tapering  to  very  fine  extremities.  Pound 
in  both  salt  and  fresh  water. 


Gboioa  oviformia. — Globular,  smooth, 
aperture  sorrounded  by  a  short  neck ;  ex- 
pansions very  lon^,  fibrous,  branching, 
slightly  anastomotic,  colourless  or  pale- 
yeUow,  transparent;  animal  contents 
of  a  yellow  or  reddish-brown  colour; 
the  processes  hyaline,  permeated  by  a 
current  of  granules.  Shell  1-26"  to 
1-13". 

G.  JkmatUis,  —  Globular,  or  ovoid, 
without  a  neck ;  expansions  palmate  and 
anastomotic.  1-290"  to  1-104". 

G.  hyaUna  (Schlumberger,  A.  8,  N,, 
1846,  p.  264).— -Globular  or  rather  ovoid, 
smooth,  soft,  diaphanous,  colourless; 
foramen  roimd,  with  a  very  short  neck, 
formed  by  a  reflexion  of  the  lorica ;  ex- 
pansions filiform,  numerous,  very  fine. 


branching  and  anastomotic.     1-865"  to 
1-520".    In  rivulets. 

^^  Notwithstanding  the  absence  of  co- 
lour in  the  shell,"  says  Schlumbeiger, 
^'I  arrange  this  species  in  the  genii3 
Oromia,  In  size  it  also  difiera  from  the 
other  two  species.  The  lorica,  being 
transparent,  admits  to  view  some  bloiah 
globules,  and  a  large  hyaline  glandular 
ovoid  body,  like  that  in  the  interior  dl 
other  diaphanous  Rhizopodes." 

G.  2)i{;arflKnu(Schultze). — Shell  sphe- 
rical, ovoid ;  more  constant  in  figure  than 
O.  avifomm,  colourless  or  faint  yellow, 
with  a  short  neck-like  elongation  at  the 
foramen,  or  none ;  animal  contents  daric 
sepia-brown ;  processes  hyaline,  with  no 
moving  granules.  Diam.  1-2"'.  Ancona. 
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Genus  LECQTJEKEXJSIA  (Schlumberger).— Shell  ovo-globular,  or  retort- 
shaped,  rather  depressed,  membranous,  but  resistant;  with  a  wide  short 
ne^,  and  circular  terminal  aperture,  giving  passage  to  cylindrical  thick  and 
obtuse  expansions. 

This  genus  approaches  Diffiugia  (Buj.)  in  the  character  of  its  expansions; 
but  the  very  different  form  of  the  sheU,  and  the  position  of  the  aperture, 
sufficiently  mark  the  distinction  between  the  two.  Its  distinctness  is  re- 
garded with  doubt  by  Schultze. 


Lbcqubreusia  Jurassica, — Shell  re- 
sistant, diaphanous,  grey,  of  a  globular 
figure,  but  rather  depressed,  with  a  short 
wide  neck.  Length  about  1-250" ;  breadth 
1-316". 

This  beautiful  species  is  met  with  on 


aquatic  plants,  in  many  of  the  lakes  of 
the  Jura  chain  about  Neuchatel.  Its 
diaphanous  lorica  allows  its  interior  soft 
hyaline  and  granular  body,  strewn  wilh 
brown  specks,  to  be  seen. 


Genus  CYPHOD£RIA  (Schlum.).  —  Lorica  membranous,  resistant,  ovoid, 
elongated  anteriorly,  where  it  is  curved  and  constricted  in  the  form  of  a 
neck ;  surface  marked  by  prominent  points  in  oblique  rows ;  aperture  circular, 
oblique ;  expansions  very  long,  filiform,  very  fine  at  the  extremity,  and  simple 
or  branching. 

The  oblique  disposition  of  the  rows  of  points,  the  obliquity  of  the  aperture, 
and  the  character  of  the  expansions,  bring  this  genus  into  Mmty  with  2Vt- 
n^ma  (Buj.);  but  the  constriction,  forming  a  neck,  seems  sufSciently  distinc- 
tive between  the  two.  This  genus,  though  admitted  by  Eresenius,  is  treated 
as  doubtful  by  Schultze. 

CrPHonsaiA  marparUtusea.  —  Lorica  water  oftheVosffes  with  vegetable  d^ris. 
yellow ;  the  surface  is  divided  into  mi-  The  form  of  the  lorica  varies ;  at  one  time 
nnte  fiicets,  which  appear  like  translucent  the  neck  may  be  but  rudimentary:  at 
points  or  rows  of  peans.  Processes  attain  another  the  posterior  end,  instead  of 
twice  the  length  of  the  shell,  and  are  being  wide  and  rounded,  is  contracted 
simple  or  branched.  Length  1-S95" ;  I  suddenly  to  a  truncated  apex.  Aperture 
1»eadth  1-840"  to  1-406".  Common  in  the  |  crenulate. 

Genus  PSEITDO-DIFFLUGIA  (Schlum.).  —  Shell  membranous,  ovoid  or 
ovo-globular,  smooth  or  striped  spirally,  with  a  wide  round  opening,  whence 
proceed  numerous  long  slender  expansions,  either  simple  or  branching. 

This  genus  is  allied  to  Diffiugia  by  the  form  and  character  of  its  shell,  but 
diflers  fiom  it  in  the  nature  of  the  expansions ;  it  is  admitted  as  doubtM  by 
Schuhie. 


filiform,  very  long.  Length  1-740"  to 
1-465";  breadth l-880"tol-740".  Found 
near  Mulhouse. 


PsKuno-DiFFLUOiA  gvoeXs,  —  Shell 
Uuish  brown,  brittle :  surface  as  if  beset 
with  minute  mdns  of  sand,  of  a  more  or 
less  elongated  ovoid  figure;  expansions 

Genus  8PHEN0DERIA  (Schlum.). — Shell  diaphanous,  colourless,  resistant, 
lobular,  with  a  flattened  wedge-shaped  neck;  surface  marked  by  polygonal 
depressions,  disposed  in  regular  oblique  rows ;  aperture  terminal,  compressed, 
almost  linear.     Expansions  filiform,  very  long  and  attenuated. 

The  form  of  the  aperture  and  of  the  neck  separates  this  genus  f^m  Trinema 
and  Euglyphay  to  which  it  is  allied  by  the  structure  of  its  lorica.  Schultze 
treats  it  as  a  doubtful  genus. 


SpHBKonBRiA  lento, — ^Lorica  as  above 
described,   expansions  few,  very  long, 


slender  and  simple,  or  branching.  1-660" 
to  1-620". 


Of  all  the  Bhizopodes  I  have  examined  (says  Schlumberger),  this  is  the 
slowest  in  its  movements,  and  its  expansions  the  most  difficult  to  discover. 
I  have  found  it  on  tufts  of  moss  in  marshy  rivulets. 
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A  glandolar  body  and  hyaline  gbbules  are  seen  in  the  internal  soft  sob- 
8tanoe  near  the  posterior  end.  In  moving,  the  position  of  the  shell  may  be 
perpendioulary  or  oblique  to  the  saiiBMe  of  reptation :  the  hexagonal  dq^m- 
sions  are  indistinct  but  large.  The  shell  fractures  along  the  tines  of  junctkn 
between  the  hexagons. 

Along  with  the  preceding  genera,  Schultee,  as  before  stated,  includes  in  the 
division  Monothalamia  the  new  genera  Lc^/ynU,  SquamuUnOf  and  Oonw- 
tpira. 

Genus  LAGYNIS  (Schultze). — Shell  membranous,  elastic,  retort-shaped; 
body  colourless,  transparent ;  foramen  large,  but  the  processes  few,  veiy  fine, 
occasionaUy  branching. 

It  forms  the  type  of  the  fEunily  Lagynida. 


The  form  of  the  shell  approaches  tiiat 
of  Eugiypha  (?)  curvatOf  desaibed  by 
Perty,  and  found  in  an  empty  state  1^ 
him  on  the  Simploiu  at  an  altitude  of 
4000  to  5000  feet. 


Lagtnis  baUica, — The  transparent 
contents  rarely  fill  the  shell,  but  leave  a 
space  posteriorly,  into  which  thev  send 
processes  which  conveige  towaros  the 
summit  of  the  concavitr  of  the  posterior, 
rounded  extremity.  0-05'".    Baltic  Sea. 

Genus  SQUAMULINA  (Schultze).  —  Shell  calcareous,  plano-convex,  or 
lenticular ;  adherent  by  the  plane  surfSace ;  cavity  single,  one  large  opening 
on  the  convex  side ;  no  pores. 

ject  to  which  it  adheres.  The  yellowiali 
animal  protrudes  nmnerous  proceflees 
from  the  excentiic  foramen.  Largeet 
diam.  1-26'".    Sea-water,  Ancona. 


Squamulina  lavia, — ^Irregularly  cir- 
cular; much  flattened;  convex  portion 
thick  and  smooth,  the  flat  portion  very 
thin  and  scarcely  separable  from  the  obi- 


Genus  CORNUSPIBA  (Schultze). — Shell  calcareous,  spiral,  like  a  Pla- 
norbis  shell ;  soHd  or  finely  porous ;  discoid ;  symmetrical,  t.  e,  with  both  sides 
alike ;  cavity  single.     One  large  foramen  at  the  termination  of  the  spiraL 


CoENUSPiBA  planorbis, — Shell  trans- 
lucent, brown,  without  pores;  six  or 
perhaps  more  turns  of  spiral  seen.  Mud 
from  the  coast  of  Mozambique  and 
Trieste. 

C.  perforata, — Finely  porous,  hyaline, 
colourless ;  pores  circular,  becoming  gra- 


dually larger  towards  the  termination  of 
the  spiral ;  as  many  as  seven  turns  seen. 
On  the  coast  of  Mozambique. 

D'Orbign/s  Opereukna  mterta  is  pro- 
bably tiie  same  form.  The  ^mrSlma  de- 
scribed by  Ehrenberg  is  somewhat  like, 
but  is  probably  only  a  young  HtMa. 


Genus  CADIUM  (Bailey)  (XXII.  19).— Shell  siHdous  (chitinous?)  ovmd; 
elongated  as  a  sort  of  neck,  which  is  bent  upwards  and  outwards,  terminated 
by  a  circular  foramen. 

This  genus  was  instituted  by  the  late  Dr.  Bailey,  of  New  York,  to  include 
some  empty  Ehizopodous  shells  met  with  in  the  soundings  taken  in  the  gulf- 
stream.     {StUiman's  Joum.  xxii.  1856.) 

CABruM  marmum  (xxn.  19). — Shell  I  which  about  12  are  visible  at  ones, 
marked  by  numerous  meridian  lines,  of  |  Length  2-1000'';  diam.  lj-1000". 

Sub-group  ACTINOPHRYINA.    (Part  I.  p.  243.) 

(XXin.  24-37.) 

A  sub-dass  of  Bhizopoda  having  a  more  constant  and  definite  form,  and 
furnished  with  long  tapering  retractile  filaments  or  tentacles,  which  serre 
as  prehensile  organs,  in  the  place  of  the  usual  variable  processes  of  the  class. 
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Their  movemaits  are  exoeesivelj  slow,  and  scmietimet  inappreciable ;  and  the 
tentadee  appear  not  oonoemed  in  them:  conjugation  is  of  very  frequent 
ooouiience. 

The  genera  enumerated  in  this  section  are  Aetinaphrys,  Podaphrya,  Tri- 
chodtscuSf  and  Dendrosoma,  The  distinction  between  tiie  two  first-named 
genera  is  denied  by  Stein,  and  probably  with  reason,  for  the  stem  of  Podo- 
T^krya  is  not  sufficiently  characteristic  {vide  Part  I.  p.  243).  TriehodMGu$  is 
little  known  to  observers,  and  probably  is  only  a  variety  of  Actinophrys ;  and 
DendroBoma  has  hitherto  received  little  attention ;  its  branched  pedicle,  how- 
ever, gives  it  a  generic  importance. 

Dujardin  formed  a  very  correct  conception  both  of  the  organization  and 
affinities  of  the  Actinophryina,  which  were  coupled  with  Amcebaea  and  Bhizo- 
poda  in  his  second  oi^er  of  Infasoria.  He  rejected  the  genera  Podophrya 
and  Trkhodiseua,  which  he  merged  in  the  genus  AcUnophrys.  Siebold  very 
strangely  overlooked  the  true  structure  and  affinities  of  AcHnophrySf  which 
he  placed  with  Enchelia,  in  company  with  the  very  dissimilar  Prorodon, 
am<mg  his  '*  Stomatoda." 

Perty  has  constituted  AcHncphryina  a  second  section  of  Ciliata,  and  has 
adopted  the  genera  AcHnophrys,  Podcphrya,  and  Acineta,  Trichodisctis  he 
regftfds  as  only  a  compressed  form  of  Adinophrys,  and  treats  Dendrosama 
as  an  aggregated  one,  in  which  the  individual  beings  are  collected  into 
eokmiee. 

« 

Genus  ACTINOPKRYS  (XXIII.  28-32).— Body  more  or  less  spherical, 
usually  compressed  or  discoid,  sometimes  irregular  in  outline,  owing  to  the 
projection  <^  superficial  vacuoles.  Tentades  tapering,  terminated  occasionally 
by  a  rounded  head  (i.e,  capitate),  pretty  uniformly  distributed,  their  length 
generally  exceeding  the  dicuneter  of  the  body ;  retractile,  and  for  a  time  lost 
in  the  substance  of  the  body,  but  reappearing  at  the  same  place  and  under 
the  same  form.  The  tentacles  serve  for  prehensile  instruments,  but  not  for 
locomotion.  Food  is  introduced  within  the  body  at  any  part,  and  not  through 
a  mouth ;  and  its  ezcrementitious  portion  is  in  a  similar  manner  discharged 
fmn  any  part  of  the  exterior.  Internally  are  one  or  two  contractile  vesides, 
placed  immediatdy  beneath  the  surface,  a  nucleus  with  a  nudeolus,  ali- 
mentaiy  vacuoles,  granules,  and  probably  small  nuclear  cells.  Eeproduction 
takes  place  by  fission,  and  in  Dendroaoma  by  gemmation.  Germinal  deve- 
lopment is  presumed,  and  conjugation  is  a  frequent  phenomenon. 

The  probosds  mentioned  by  Ehrenberg  appears  to  be  a  sort  of  expansion 
of  the  sarcode  of  the  body,  homologous  with  a  variable  process,  whidi  enve- 
lopes and  then  drags  the  prey  into  the  general  mass. 

Ehrenberg  believed  he  had  discovered  a  mouth,  anus,  and  polygastric 
sbructnre,  and  that  he  had  succeeded  in  demonstrating  this  last  by  feeding 
with  coloured  food.  He  likewise  adopted  £ichhom's  statement — ^that  the 
tentades  acted  as  locomotive  organs,  by  giving  the  animalcules  the  power  to 
erawL 

The  specific  distinctions  hitherto  attempted  are  really  of  little  worth ;  even 
the  bluest  authorities  are  in  doubt,  and  disagree  among  themsdves,  respect- 
ing the  specific  names  of  the  animalcules  they  so  elaboratdy  describe ;  and 
the  revision  of  the  several  forms  and  varieties  of  AcHnophrys  is  urgently  re- 
quired before  any  satisfactory  separation  into  spedes  can  be  made.  We 
append  those  forms  which  have  been  accounted  specific  by  different  authors. 

AcrmoFHBYS  Sol  (xxm.  28, 81. 82).  I  spherical,  or  nearly  so  j  the  tentades  or 
— Cdour  whitish,  or  rather  grey ;  figure  |  rays  divergefrom  every  part  of  the  mirfoce, 
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and  taper  to  their  extremities^  and  equal 
the  diameter  of  the  bodj  in  length. 
Found  in  the  dudt-like  matter  upon  the 
surface  of  infusions,  and  among  Conferv» 
and  various  aquatic  plants.  Stein  asserts 
that  these  habitats  are  those  of  A.  Eich- 
homUy  not  of  A,  Sol,  which  does  not  oc- 
cur as  a  free  being.     1-110'"  to  1-53.'" 

This  species  has  been  veir  much  con- 
founded with  A,  EichhomH  K^olliker  mis- 
took this  last  for  A,  Sol;  and  Clapar^e 
wrote  his  description  of  A,  Eichhomiiy  and 
afterwards  discovered  it  was  A.  Sol  that 
he  had  investigated.  Indeed  the  brief 
characters  furnished  by  Ehrenberg  are 
quite  inadequate  to  identify  the  species. 

A.  EichhomU  (xxm.  20^.  —  LArge, 
white,  globose :  tentacles  shorter  than 
the  diameter  of^  the  body,  and  tapering. 
The  cortical  and  medullary  layers  are  well 
distinguished ;  the  former  contains  nu- 
merous vesicles.  Tentacles  contractile, 
seen  to  bend  themselves  in  the  prehen- 
sion of  food,  &c  Stein  affirms  that  the 
being  which  £hrenberg  described  and 
iigui«d  under  this  name  is  no  other  than 
A,  Sol,  that  the  tentacles  are  by  no 
means  always  shorter  than  the  diameter 
of  the  body,  but  often  longer,  and  that 
this  circumstance  of  relative  length  can- 
not be  used  in  the  diagnosis  of  the  spe- 
cies, but  that  the  conical  figure  of  the 
tentacles  is  distinctive.  Stein's  views 
on  these  specific  details  must  be  re- 
ceived cum  grano  salts  j  for  the  influence 
of  his  Adnetiform  hypothesiB  pervades 
his  systematic  historyof  the  beings  of  the 
class  under  notice,  and  his  fig^ures  of  A. 
Sol  prove  him  to  have  been  in  error  eith^ 
in  tne  observation  or  in  the  interpreta- 
tion of  the  organism ;  for  they  indicate  a 
member  of  the  Acinetina  rather  than  of 
the  Actinophryina.  Perty  seems  to  think 
the  largest  specimens  of  A.  Sol  constitute 
A,  EiMoma  (Ehr.). 

A.  oculata  (Stein)  (xxra.  24,  25).— 
Round,  more  or  less  discoid,  with  several 
concentric  circles  of  vesicular  spaces  dis- 
tributed over  the  surfSeu^  of  the  animal- 
cule, ^ving  it  an  undulated  outline.  The 
tapenng,  pointed  tentacles  arise  from  the 
eminences  of  the  surfiice,  and  are  equal 
in  length  to  the  diameter  of  the  body, 
except  in  small  specimensy  in  whidi 
they  rather  exceed  it.  The  periphery 
of  we  body  is  covered  with  a  homo- 
geneous, transparent,  ^latinous,  appa-. 
rently  thick  layer,  within  which  the 
large,  vesicular,  non-contractile  spaces, 
filled  with  water,  are  found.  Besides 
this  superficial  layer,  a  cortical  and  a 
medullary  substance   are    clearly    pro- 


nounced. The  particles  of  food  do  not 
enter  the  medullary  substance.  The 
finely  ffranular  nucleus  is  central,  sur- 
rounded by  a  ring  of  clear  medullary 
matter.  Pressure,  after  the  action  of 
acetic  acid,  will  sometimes  detach  it  as  a 
free  body^  invested  by  a  membrane,  and 
having  within  it  an  ill-defined  granular 
nudedus.     Diam.  ISS"  to  1-35'". 

A.  viridis  (Ehr.). — Spherical,  greeniah ; 
rays  numerous,  shorter  than  the  diameter 
of'^the  bodv.  Diam.  of  body  1-620"  to 
1-280".     Amongst  Confervaa. 

A.  diffomUs. — Irregularly  lobed,  de- 
pressed, and  hyaline;  rays  variable  in 
length,  some  exceeding  tne  diameter  o£ 
the  body,  which  is  fit>m  1-570"  to  1-280", 
The  animalcule  thus  described  Stein  ap- 
prehends to  be  nothing  more  than  several 
youn^  specimens  of  A,  EichhomU  con- 
joined (conjugated). 

A.  marina  (Duj.). — ^Diflfers  fitnn  ^.  Soi 
in  its  habitat,  and  in  the  more  marked 
contractility  of  its  rays.  Amongst  micro- 
scopic Algee  in  the  Mediterranean.  Pro- 
bably a  mere  variety  of  A.  SoL 

The  claim  of  A,  vindis,  A.  difformu, 
and  A,  marina  to  specific  distinction  is 
extremely  doubtfuL  The  green  colour 
of  the  first  is  immaterial,  and  the  rela- 
tive length  of  its  rays  to  the  body  of  no 
specific  importance.  The  irre^arly- 
lobed  outline  of  A.  diffbnms,  again,  is  an 
immaterial  condition ;  for  the  soft  bodies 
of  true  Actinophryina  admit  a  changeable 
outline,  and  the  reception  of  food,  more- 
over, to  a  certain  extent  involves  it 
Dujardin  justly  attributes  no  other  value 
to  nis  species  A.  marimi,  than  that  it 
ma^  serve  to  indicate  an  Aetmopkryg 
living  in  the  sea. 

A,  p€dicellata(pvLy):siI\)dophrifaJixtu 

A.  digitata. — (I^j.)- — ^Depressed ;  rays 
flexible,  thicker  at  the  base,  forming, 
when  contracted,  short,  thick,  finger- 
like processes.  Diam.  1-750".  In  freah 
water  containing;  marsh-plants.  Its  dis- 
coid body  woiud  rather  place  it  with 
Tridwditcm, 

A.  granata  (Duj.)  (Trichoda  granatOy 
M.).--Globular,  opaque  at  its  centre,  sur- 
rounded by  rays  of  less  length  than  i« 
own  diameter. 

A.  Discus  (Jhil) » Mchodiscm  Sbi 
(Ehr.). 

A.  ovata  (Lachmann).~A  meciea 
named  by  this  naturalist  in  A,if.  JL 
1857,xix.p.221. 

A.  hremcirrMs  rPerty).— Of  a  duaky 
yellowish  green  colour,  rarely  colouilees ; 
tentacles  much  shorter  than  the  diameter 
of  the  body;  not  capitate,  but  bristle- 
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like.  Its-  outlme  is  double,  with  a  green 
or  red  line.  Length  1-600"  to  1-600"- 
Bern.    Among  ConfeirsB. 

A.  SteOa  (Perty)  =  IWc^oc/mcw  SoL— 
It  18  to  be  regretted  that  Perty,  whilst 


recojB^nizing  this  organism  to  be  an 
Actwophn/8,  should  not  haye  adopted 
Duiardin's  very  appropriate  name  for  it, 
rather  than  encumber  the  student  with 
another. 


Genus  TRICHODISCUS. — Body  depressed,  with  a  single  mai^al  row  of 
setaceous  tentacles;  vibratile  cilia  and  teeth  absent;  no  pedicle;  mouth 
truncated  (£hr.). 

These  Infusoria,  by  their  flat  disciform  shape,  resemble  ArceUcB,  but,  un- 
like the  latter,  are  soft  and  illoricated,  with  stiff,  bristle-like  rays.  A  central 
opening,  and  a  large  lateral  gland  (nucleus),  have  been  recorded  by  Ehren- 
berg,  who  likewise  states  that  he  has  seen,  though  indistinctly,  numerous 
digeetiye  cells,  but  neither  the  reception  of  coloured  food,  nor  an  anal  orifice. 

This  account  is  very  unsatisfactory  as  a  means  of  determining  a  genus. 
The  discoid  figure  is  not  a  sufficient  distinction  from  the  genus  Actinophrys ; 
and,  on  the  other  hand,  the  softness  of  the  integument,  compared  with  the 
lonca  of  ArceUa,  is  not  a  generic  distinction ;  for  the  so-called  lorica  of  the 
latter  genus  is  in  many  instances  only  a  flexible  integument. 

Ck>hn  {Zdtsehr,  1853,  Band.  iv.  p.  262),  after  remarking  on  certain  Acti- 
nophiyean  beings  covered  with  adherent  foreign  particles  of  sand,  Cyclo^ 
<f2£s-^ells,  <fec.,  and  surmising  that  such  beings  were  no  other  than  DijffmgicB 
engaged  in  the  formation  of  a  lorica,  submits  the  opinion,  in  a  foot-note,  ttiat 
Triekodiseus  Sol  (£hr.)  is  a  similar  oiganism,  because  Ehrenberg  describes  its 
tentacles  as  proceeding  from  the  middle  of  ike  body,  which  is  often  partially 
coloured  witii  brownish  corpuscles. 


Trichodisgus  8oL  {Actinophrys  Bts- 
ev«,  DX — ^Depressed,  abnost  flat,  hyaline 
or  ^reUowish,  with  variable  rays.  The 
motion  of  this  species  is  very  slug^sh ; 
it  offten  remains  for  a  long  time  mert 


Amongst  Confervee.      Diam.,   without 
rays,  1-480"  to  1-210". 

Party,  as  already  seen^  retains  this  spe- 
cies with  Acttncpkrya,  with  the  name  of 
A.J^Ua, 


Genus  PODOPHRYA  (XXTFT.  34-37).— The  members  of  this  genus  differ 
from  Actinophrys  only  in  being  stalked.  Stalk  single,  not  branched.  Eh- 
renberg described  them  as  Endielia  devoid  of  vibratile  cilia  and  teeth,  with 
spheri^  bodies,  covered  with  setaceous  tentacles ;  having  a  truncated  (direct) 
month  ;  and  in  organization  equivalent  to  Actinophrys,  with  a  stiff  stalk. 


PoDOFHBTA  ovota  (Alder).  —  Body 
ovate,  with  a  very  slender  and  short 
stem ;  tentacles  capitate,  retractile,  in  a 
single  row,  less  numerous  than  in  Bp?te^ 
lota  apiculosa,  and  fonning  a  narrow  disc. 
Parasitic  on  SertuhHaT^ 

P.  pyriformis  (Alder). — Bodj  pear- 
shaped,  or  rather  campanulate,  with  a  di- 
stinct rim  around  the  summit,  and  a  sin- 
gle circlet  of  delicate,  capitate,  retractile 
tentacles;  stem  long  and  slender.  Pa- 
rasitic on  FtihuHe^Of  and,  unlike  the 
preceding,  an  inhabitant  of  fresh  water. 

These  two  species  were  first  described 
by  Mr.  Alder,  along  with  JEphelota  apicu- 
lotOj  and  were  described  in  the  previous 
edition  of  this  work,  under  the  name  of 
**  Alderia.'*  Lately,  however,  Mr.  Alder 
wrote  to  inform  us  that  this  name  had 
been  applied  to  a  diflerent  class  of  ani- 


mals, and  therefore  could  not  be  retained. 
Dr.  Strethill  Wright  has  since  studied 
these  beings,  and  distinguished  one  as 
JBphehta  apiculosay  and  placed  the  other 
two  among  Podophrya,  Mr.  Alder  {A* 
N.  H.  1851,  vii.  p.  4^)  recoffnized  their 
relation  to  ActnetcBy  and  tneir  affinity 
to  Campanularian  Zoophytes,  between 
which  and  Infusoria  he  considered  them 
the  most  perfect  link  known. 

P.  fixa  {Trichoda  fixa,  M.  AdAno- 
phrys  pediceliata,  DX — ^Body  spherical, 
turbid,  whitish,  witn  a  diaphanous  pe- 
dicle slightly  excised  at  the  extremity. 
The  rays  or  tentacles  are  capitate  at  the 
extremitv,  and  equal  in  length  the  dia- 
meter or  the  body.  Ehrenberg  states 
that  the  seizing  or  catching  power  of 
this  animalcule  is  very  interesting  to  ob- 
serve. So  soon  as  a  quickly-vibrating 
2o 
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Driehodma  Orandi$%dla  approaches  to,  and 
comeB  in  contact  with,  its  tentacular  it 
ig  immediately  taken  prisoner,  ceases  to 
vibrate,  and  stretches  out  its  cilia  back- 
wards. On  the  whole,  this  species  re- 
sembles Acmeta;  but  Ehrenberg  sup- 
posed it  to  j^ossess  a  discharging  orifice, 
though  its  situation  is  unknown.  Founa 
among  dust-like  matter  upon  the  sur&ce 


of  pond-water,  ^*  and  peihaps,"  says  Ehr., 
'•  also  in  the  sea."    Diam.  1-430". 

P.  Ubera  (Pertjr^. — Stemless,  ^herical  j 
colourless,  or  fSunt  yellow;  peripheiy 
smooth;  tentacles  hyaline,  pointed  in 
greater  or  less  number,  many  very  long, 
sometimes  very  few  present,  many  seen 
curved.  Diam.  1-330".  In  stale  pond- 
water. 


QaparMe  and  Lachmann  have  recently  {Ann,  d,  Sc»  Nat,  1857)  distin- 
guished a  number  of  species  of  Podophtya,  many  of  which  would  be  accounted 
AcinetcB  by  8tein ;  however,  they  have  no  capsule  like  members  of  that  genus. 
No  characters  are  given.  The  following  are  noted:  —  1.  Pbdophrya  Cy- 
clopum,  parasitic  on  Cyclops  and  LemnsD;  2.  P.  Carehesii,  on  Carehedum 
polypinum ;  3.  P.  quadripartita,  the  same  as  the  Adneta  assigned  by  Stein 
to  Epistylis  plicaHlis ;  4.  P.  Pyrum,  a  large  form,  pear-shaped,  found  on 
Lemna  trisidca ;  5.  P,  eothumata,  the  diademiform  Acineta  of  Stein ;  6.  P. 
Ferrum^eqtnnum,  the  Acineta  of  the  same  name  of  Ehr. ;  7.  P.  Lyngbyei,  the 
Acineta  Lyngbyei  (Ehr.) ;  8.  P. ,  a  marine  form,  wil3i  extremely  dila- 
table suckers. 

Genus  DENBROSOMA  (Ehr.).-— This  includes  beings  which  resemble 
Actincphrys,  supported  on  a  branching  pedicle.  The  base  of  the  thick 
pedicle  or  trunk  is  fixed ;  and  its  divisions  bear  the  animalcules  at  their  ex- 
tremities. In  appearance^  therefore^  it  resembles  a  microscopic  Sertularian 
polype. 

The  question  may  be  raised,  if  this  genus  is  not  Ihe  same  as  Anthophyw 
(p.  500),  misinterpreted  in  structure ;  and  if  the  organisms  terminating  the 
branches  are  not  Uvelke  instead  of  Actinophrydes, 

Dkndbosoma  radian$,  —  Corpuscles  I  tentacula ;  disposed  on  a  soft,  smooth,  and 
(animalcules)    conical,   fumishea  with  |  alternately  branched  stem.    At  Berlin. 

Genus  EPHELOTA  (Wright).— Similar  to  Podophrya ;  but  the  tentades, 
instead  of  being  capitate,  are  pointed,  and  form  a  wreath  or  drdet.  They 
seem  also  to  be  either  slightly  contractile  or  retractile,  or  only  flexible. 
Pedicle  composed  of  a  cortical  matter  or  int^:ument,  and  a  meduUaiy  or 
contained  substance. 


Ephrlota  apicidoaa, — ^Body  vase-  or 
cup-shaped,  expanded  at  top  and  set 
round  with  several  circlets  of  numerous 
pointed  tentacles ;  abruptly  thickened  to- 
wards the  base.  The  tentacles,  which 
are  always  in  more  than  one  row,  enjoy 
little  motion,  curve  themselves  forward 
occasionally,  and  are  slowly  retracted  at 
times.  Pedicle  stout  Found  parasitic 
on  Sertularia ;  by  Dr.  Wright  on  C(yryne, 

It  differs  iromE,  coranata  in  having  the 
body  wider  than  the  stem,  more  cup- 
shaped  and  elongated,  and  the  tentacles 
more  irregular,  soft,  retractile,  and  unsup- 
ported by  the  solid  matter  which  occurs 
m  the  interior  of  those  of  the  species 
named.  It  is  especially  distinguished  by 
the  shape  and  structure  of  the  stem, 
whichisof  nearly  equal  diameter  through- 
out, and  encloses  a  cortical  substance 


formed  of  circular  fibres  passing  at  liflht 
angles  to  the  fibres  of  the  meduBa,  which 
cortical  fibres  are  absent  in  JS.  caronata, 
E.  eoronata  fright). — Body  consists 
of  a  short  cylmder  of  densely  granular 
sarcode,  slightly  enlarged  above  and  be- 
low^ so  as  to  resemble  the  circlet  of  a 
crown.  It  is  surmounted  by  a  circle  of 
thick  acuminate  and  radiating  tentade^ 
whicn  are  capable  of  being  slowly  oorvea 
inwards,  but  cannot  be  contracted.  They 
remain  stiffly  extended  when  the  <mi«v»j 
is  immersed  in  alcohoL  The  structure  of 
the  tentacles,  I  believe,  is  unique.  Under 
high  microscopic  power  they  are  seen  to 
consist  of  a  bundle  or  framework  of  fine 
parallel  rods  of  homv  (P)  texture,  imbed- 
ded in  soft  contractile  sarcode.  The  more 
central  rods  of  the  bundle  protmde  con- 
tinually beyond  those  exterior  to  them. 
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8o  that  ^e  point  of  the  tentacle  is  fonned 
of  only  a  yeiy  small  number.  In  other 
ezunplee,  each  rod,  under  a  power  of  800 
diaxn.,  assumed  a  bearded  structure. 

^The  animal  secretes  beneath  itself, 
or  from  its  base,  a  pedicle  of  diaphanous 
and  colourless  substonce,  which  increases 
in  lensth  and  breadth  with  theincreasing 
grow&  of  tiie  animal,  until  it  assumes 
the  form  of  a  glas^  dub,  on  the  thick 
upper  extremity  or  which  the  animal 
b  seated.  The  whole  of  the  pedicle 
is  covered  by  a  growth  of  scattered 
hairs;  but  it  may  oe  doubted  whether 
these  hare  any  organic  connexion  with 
it,  and  whether  they  do  not  belong  to 
one  of  those  minute  classes  of  Algse  the 
structure  of  which  eludes  microscopic 
research.  A  longitudinal  fibrous  struc- 
ture is  fiuntly  seen  in  the  axis  of  the 
pedide,  but  it  gradually  disappears  to- 


wards the  periphery.  After  immersion 
in  spirit,  this  fibrous  structure  becomes 
much  more  apparent.  The  action  of  the 
spirit  also  causes  a  fine  membrane  to 
separate  from  the  surfiEU^  of  the  pedicle, 
which  appears  to  be  continued  down- 
wards from  the  body  of  the  animal,  and 
is  ipobably  analogous  to  the  membrane 
which  I  have  already  shown  to  exist  as 
a  lining  and  coyering  to  l^e  cell  of  Fo- 
ainicola  valvaia,  and  which  secretes  and 
hides  within  itself  the  yalve  that  doses 
the  cell  of  that  curious  animal "  {Sdiiu 
New  PhiL  Joum.  1858,  p.  7). 

This  spedes  was  twice  seen  by  Dr. 
Wright,  ''each  time  in  large  colonies, 
situated  within  the  mouth  of  shells  in- 
habited b^  the  hermit-crab,  where  the 
dense  white  bodies  of  the  animalcules, 
seated  on  their  transparent  pedides,  form 
suffidently  remarkable  objects.'* 


Genus  ZOOTEIEEA  (Wright)  (XXXI.  14-15).— Body  fdmiahed  with 
niimeroas  contractile  acuminate  rays  (tentacula) ;  elevated  on  a  contractile 
pedide.  Rays  becoming  thickened  towards  the  point  when  not  fuHy  ex- 
tended, but  not  capitate. 


ZooTSiBEA  T^HgaUi  (xxxi.  14-15). — 
The  body  of  the  animalcule,  when  con- 
tracted, consists  of  densdv  granular  sar- 
code  surrounded  by  a  W^^  o^  tdlqh^ 
transparent  substance.  Tliis  external 
coat  is  cu^ble  of  being  prolonged  into 
innumerable  exceedingly  attenuated  ten- 
tades  or  rays,  from  eignt  to  ten  diameters 
of  the  body  in  length,  and  resemblingin 
structure  those  of  ^A«/otoapi<;t4^(>#a.  The 
animalcule  is  elevated  on  a  long  contrac- 


continuous  with  the  external  coat  of  the 
body.  I  have  several  times  seen  this 
animal,  always  in  colonies.  When  seen 
by  oblique  illumination,  it  has  a  very 
striking  appearance.  The  light  refiected 
from  the  rays  has  the  appearance  (Mf  two 
cones  issmng  on  opposite  sidesof  the  body, 
and  rotating  in  opposite  directions  with 
every  movement  or  the  lamp.  Found  on 
shells  dredged  from  deep  water  in  the 
Firth  of  Forth. 


tile  pedide,  which  appears  also  to  be 

We  are  indebted  to  Dr.  Strethill  Wright  of  Edinburgh  for  the  knowledge 
of  this  genus  and  species.  Dr.  Wright  was  so  kind  as  to  transmit  the 
aeconnt  to  us  in  manuscript,  together  with  notes  on  Ephelota,  the  characters 
of  the  foUowiog  peculiar  genus  Corethria,  and  those  of  several  additional 
Infhsoria. 

Genus  COEETHRIA  (Wright)  (XXXI.  6, 6). — ^The  history  of  this  genus  is 
thns  described  (in  Uteris)  by  its  discoverer,  in  the  details  of  the  structure  of  the 
only  spedes  yet  found,  viz. : — "  CorethriaSerttdaria  consists  of  a  body,  or  oblong 
cofi^on-like  mass  of  granular  sarcode,  frimished  with  a  long  dub-shaped 
^ypendage,  which  bears  at  its  summit  a  thick  brush  of  tentades.  The  body 
is  generally  homogeneous,  although  occasonally  one  or  two  large  cells  are 
seen  within  it.  ^e  mop-Uke  appendage  is  seen  to  contain  two  structures, 
both  without  granules.  The  interior  or  medullary  portion  is  a  transparent 
and  structurdess  cylinder,  arising  frt>m  a  slight  depression  in  the  body  of  the 
animal.  The  exterior  structure,  also  transparent,  is  transversdy  wrinkled  or 
rogoee.  The  tentacles  are  transparent,  from  eight  to  about  for^  in  number, 
and  have  occasionally  a  slight  waving  motion :  they  appear  to  arise  frt>m  the 
internal  lamina  or  core  of  &e  mop.  A  second  kind  of  appendage  is  frequently 
fbnnd  attadied  to  the  body  of  CoreOiriay  in  the  form  of  a  long  spindle-shaped 
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mass  of  granular  sarcode,  similar  to  the  body,  having  a  depression,  perhaps  an 
orifice,  at  its  distal  end.  This  is  either  a  parasite  or  a  gemma,  as  it  is  some- 
times found  attached  alone  to  the  Sertularia,  It  appears  to  multiply  by 
fission,  as  two  are  sometimes  found  attached  together." 

In  another  letter.  Dr.  Wright  remarks  that  he  has  "  doubts  as  to  the  Gre- 
^an'na-like  body  being  a  part  of  the  animal,  as  it  is  often  absent,"  and  he  has 
*^  seen  it  fixed  to  nei^bouring  bodies."  Food  is  probably  taken  up  by  the 
summit  of  the  mop-like  process,  absorbed,  and  carried  down  to  the  body. 

Dr.  Wright  has  found  this  remarkable  animalcule  three  successiTe  years  at 
Granton,  in  great  abundance,  though  in  a  limited  locality.  It  occurs  at  all 
parts  of  the  polypidom  of  the  SerUdaria  pumila,  but  chiefly  in  the  angle 
between  the  mouth  of  one  cell  and  the  lower  part  of  the  cell  above,  where 
two  or  three  sometimes  nestle  together. 

Although  unlike  all  other  animalcules  in  shape,  Dr.  Wright  is  induced  by 
its  structure  to  place  it  near  Actinophrys,  Were  it  not  for  the  cushion-like 
body,  the  mop-headed  process  would  be  referable  to  Ephelota, 


Subgroup  ACINETINA.     (Part  I.  p.  258.) 

(Plates  XXni.  1-27;  XXVI.  3-4;  XXVn.  13-15,  18-20; 
XXX.  3, 4,  8,  21-23.) 

A  subclass  of  Ehizopoda,  very  closely  resembling  Actinophryina,  but  covered 
by  an  integument  or  capsule,  through  which  the  retractile  tentacula  or  fila- 
ments are  protruded,  and  usually  supported  on  a  pedicle. 

The  AdnetoB  have  been  supposed  to  have  no  power  of  nourishing  them- 
selves by  absorption  of  foreign  matters  from  without,  as  do  the  Actinophryina; 
but  this  seems  to  be  an  error ;  and  Lachmann  asserts  them  to  be  peculiarlj 
carnivorous  animals,  the  prey  being  seized  by  the  tentacula,  which  have 
suctorial  extremities. 

The  researches  of  Stein  went  to  show  that  the  members  of  this  family  were 
nothing  more  than  a  developmental  phase  of  Vorticellina ;  but,  although  this 
view  has  been  accepted  by  a  few  naturalists,  it  has  been  pretty  successfully 
controverted  by  Lachmann,  ClaparMe,  and  others,  who  hive  witnessed  the 
reproduction  of  AcinetcB  from  parent  forms. 

The  tentacles  of  Acinetina  are  not  as  a  rule  ct^itate ;  many  taper,  others 
are  of  nearly  the  same  width  throughout.  They  may  be  dist^buted  pretty 
generally  over  the  body,  or  only  along  a  certain  maigrn,  or,  again,  may  be 
collected  into  several  bundles. 

To  represent  the  known  specimens  of  Adnetiform  brings,  we  shall  describe 
all  those  varieties  described  by  Stein ;  for  the  truth  or  error  of  his  hypothesis 
of  transformation  does  not  affect  the  value  of  his  descriptions  of  tiiem  as 
distinguishable  forms  of  organized  beings.  But  before  entering  on  the  account 
of  these,  we  shall  reproduce  the  species  enumerated  by  Ehrenbeig  under  the 
head  of  Acineta, 

Genus  ACINETA. — ^Has  a  membranous  lorica,  a  simple  pedicle,  and 
nimierous  retractile,  non-vibrating  tentacula.  Ehrenbeig  notes  his  dis- 
covery of  vesicles  (stomach-cells)  ia  A.  Lynghyd  and  A,  mystacina,  and  of  a 
nucleus  in  the  latter  and  in  A,  tuberosa.  Self-division  not  observed.  Bepio- 
duction  by  germs,  noticed  by  Stein,  Cienkowsky,  Lachmann,  and  others. 

pale-yellow  coloured  body,  with  its  thick 
crystalline  stalk,  is  similar  to  a  retz«cted 
VorticelUi,      On    Seriuhria    and    other 


Acineta  Lynghyei,  —  Spherical,  pe- 
dicle thick.  It  resembles  a  stalked  Ac^ 
tinophrysy  while  the  circular,  radiating, 
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Polvpefl.  Tliifl  IB  called  a  Podophrya 
bv  fiftchinaim.  Length,  including  stalk, 
lll70"  to  1-100". 

A.  tuberoaa  (VartieeOa  tuberotOf  M.) 
rxxvi.  3-4). — Triangular,  comprofised; 
ailated  and  truncate  anteriorly^  with 
tluee  obtuse  tubercles  or  horns,  of  which 
the  two  lateral  are  more  constant,  and 
(umiahed  with  tentacula.  Pedicle  simple 
and  slender.  1-210"  to  1-100".  Limarsh- 
and  sea-water ;  on  Ceramium  diaphanum 
Qpo.  3-4).  See  account  of  Acineta  of 
Zootkammum  affine, 

A.  mysUmma  (x.  205). — Subglobose, 
obtusely  homed,  with  two  elongated 
bundles  of  tentacula;  pedicle  slender. 
Vj^anLenwa  minor.   l-a90"  to  1-120". 

A-  Ferrum-equirmm  (xxm.  26,  27). — 
Ovate,  white,  tentacula  disposea  at  its 
front;  pedicle  small,  thick;  a  central 
^and  or  a  horse-shoe  shape.  1-240".  Ber- 
Kn.    Tlus  Lachmann  caUs  a  Podophrya. 

A.  f?). — ^Brightwell  describes  an  ani- 
malcule with  an  oval  sheath,  of  a  dark 
colour,  opake  and  granulated,  and  having 
a  bundle  of  diverging  rays  proceeding 
from  each  extremity,  many  oi  which,  by 
contraction  or  otherwise,  have  a  globular 
tip.  They  were  not  observed  to  move  or 
catch  other  animalcules.  In  fresh  water 
at  Onlton,  Norfolk. 

A.  patuia, — A  species  mentioned  by 
T4>^liTTMmn  (^.  8.  N.  1867)  as  developing 
embryos,  and  common  on  AlgSB  and 
Zottara  found  on  the  coast  of  Norway. 

A.  CueuUus. — ^Another  species  named, 
and  not  described,  by  the  same  naturalist. 
Found  in  the  Fjord  of  Bergen. 

A.  cyUndrica  (Perty).  —  Colourless, 
transparent,  cylindrical,  supported  on  a 
diort  stem.     1-22"'. 

Cothurma  maritima,  —  Its  presumed 
Acineta  bore  a  dose  resemblance  to  Aci- 
natatuberoaanStiTj),  It  had  a  moderately 
lon^  thin  stalk,  not  dilated  upwards ;  and 
the  Dody  was  enclosed  by  a  nyaline  cap- 
sule, capped  bj  a  conical,  roof-like  por- 
tion, from  which  the  inverted  conical  or 
pyriform  granular  body  was  suspended, 
more  or  less  space  intervening  between 
it  and  the  capsule.  From  each  external 
anterior  an^le  proceeded  a  bundle  of 
gendy-tapermg,  fine,  and  slightly  capi- 
tate tentacles,  retractile  and  divergent 
Internally  was  a  round  contractile  space 
and  an  oval  nucleus. 

EpittuUa  bremt^iophUa,  — The  Acmeta 
aseiffned  to  it  bv  Stem  has  usually  a  short, 
sH^tly  curved,  stiff  and  solid  pedicle, 
alwavs  much  thinner  than  the  stem  of 
the  AfisfyUs  itself.  Figure  pyriform ;  two 
bundles  of  brisUy,  non-capitate  tentacula 


given  off  frtmi  its  anterior  end.  The  body 
exhibits  constant  changes  in  outline  by 
the  vermicular  contractions  of  its  tissue, 
and  likewise  alters  its  relative  position 
with  its  stem.  It  likewise  exhibits  trans- 
itory folds,  swellings,  and  inflations  of 
the  surface.     l-24(r. 

£,  erasaicoUU. — Stem  of  its  Acmeta 
transversely  striped,  crystalline,  mostly 
stndght,  and  generall^r  like  that  of  the 
EpietyU*  itself  except  in  thickness,  being 
in  this  respect  mucn  thinner,  save  at  its 
expAnsion,  supporting  the  body  of  the 
Acmeta,  This  last  is  of  a  rectangular 
figure,  with  rounded  ans^es,  and  often 
inflated  at  the  middle,  l^ntacula  taper- 
ing, capitate,  always  few  in  number — 
from  two  to  four  at  each  of  the  four 
angles,  and  always  longer  than  the  dia- 
meter of  the  bodv.  Length  (maximum) 
of  body  l-SO'",  breadth  1-28"'.  Found 
on  the  Entomoetraca. 

E.  pUcatQis,  — ^cm«<a-pedicle  solid, 
longitudinally  striated,  much  narrower 
tlum  stem  of  the  EpiUyUsy  except  at  its 
upward  dilatation,  where  the  body  was 
amxed.  Body  pyriform  or  ovoid,  com- 
pressed ;  in  most  specimens  with  a 
smooth  sur&ce  and  no  tentacula :  idien 
the  last  were  present  they  were  small, 
capitate,  and  few  in  numoer,  and  col- 
lected in  four  bundles,  one  on  each  lobu- 
lar expansion  of  the  tnen  expanded  Aci- 
neta. Maxim.  lengA  1-16"',  width  1-20"'. 
Operctdaria  artieulata  (xxx.  3-4^ — 
Pedicle  of  Acineta  rigic^  solid,  tnin, 
mostly  curved,  and  shorter  than  the 
body.  After  a  certain  height  (about 
the  half)  it  suddenly  and  neatly  ex- 
pands to  its  {Kyint  or  articulation  with 
the  body.  It  is  striated  longitudinally, 
and  hyaline.  Body  compressed^  with  a 
circular  outline,  or  discoid,  ovoid,  or  py- 
riform figure.  Abruptly  and  widely  trun- 
cate at  its  base,  where  it  is  fixed  on  its 
pedicle:  surrounded  by  an  appiurently 
firm  and  thick  integument,  without 
aperture,  and  covered  at  slight  intervals 
by  short,  thick,  tubular  and  undulating 
tentacles.  Maximum  length  1-20"'  to 
1-12"'  width  1-14"'  to  1-24'". 

O.  berherina  (xxm.  17-20).— Stem  of 
Acineta  very  short,  thick,  solid,  smooth 
or  transversely  striped,  usually  con- 
laracted  in  the  centre  and  dilated  at  each 
end.  The  stem  supports  a  very  large, 
flattened,  discoid  capsule,  with  a  para- 
bolic outiine,  and  having  a  gently  curved 
anterior  double  margin  enclosing  an  open 
space.  The  margins  are  comparable  to 
a  front  and  back  lip :  the  walls  of  the 
capsule  thick,  fiexible,  and  hyaline.    A 
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portion  of  the  contained  Acmeta-hodj 
extends  beyond  the  lipe  like  a  tongue. 
This  process  contains  from  four  to  five 
•ontribctile  spaces,  yariable  both  in  posi- 
tion and  sice,  as  well  as  changeable  in 
figure,  from  a  circular  to  a  cramb-bell 
s&Etpe.  The  rounded  anterior  angles  of 
the  process  sunport  numerous  radiating 
tubular  tentacles^  neither  capitate  nor 
tapering,  but  retractile  and  canable  of 
bemg  collected  together  in  cylindrical 
buncues.  The  tentacles  maybe  retracted 
within  the  lips  of  the  capsular  opening; 
and  when  this  happens,  the  anterior  mar- 
gin of  the  Acmeta  has  a  trilobate  cha- 
racter ;  and  very  frequently  a  transy erse 
Icdd  makes  its  appearance  beMnd  the 
middle  of  the  hoiy.  and  might  eamly  be 
mistaken  for  an  incucation  of  commenc- 
ing transverse  fission.  Sometimes  two 
such  folds  are  displayed.  Maximum 
length  of  capsule  1-14''',  width  across 
the  anterior  labiate  extremity  1-19"'; 
Wth  of  pedicle  1-126'". 

&  figuie  and  other  respects  this  Aei" 
netOf  remarks  Stein,  diners  so  mate- 
riaUy  from  those  (k  other  Acinetina. 
that,  if  these  bein^  are  to  be  considerea 
independent  organisms,  it  would  require 
the  creation  of  a  new  genus. 

O.  Liehimstemu  (xxm.  22-23).— The 
Acmeta  yaries  yery  much  both  in  figure 
and  dimensions.  All  varieties  have  a 
short,  thick,  solid  stem,  dilating  upwards 
tothebodyof  theanimaL  Whenuurgest, 
it  equals  naif  the  length  of  the  body, 
but  IS  at  times  so  short  that  the  body 
seems  as  if  sessile.  The  body  is  usually 
strongly  compressed  laterally,  and  in 
outline  is  a  long  or  short  oval,  ovate, 
pyriform,  or  circular,  except  that  in  all 
cases  it  is  narrowed  at  its  base  to  equal 
in  width  that  of  the  supporting  pedide. 
In  short-stalked  smaller  mdividuals,  the 
body  is  mostly  so  very  shortened  and 
depressed,  in  its  long  axis,  that  the  stem 
is  quite  overlaid,  and  the  entire  bein^ 
has  a  reniform  shApe.  A  circular  or  o^ 
nucleus  occurs  in  the  interior,  but  no 
contractile  sac  was  discoverable.  Maxi- 
mum length  1-18'",  width  1-24'",  dia- 
meter of  smallest  specimens  1-06"'. 

Ophrydmm  ver»atiie  (xxx.  8).— Stein 
does  not  appear  satisfied  with  regard  to 
the  Acinetiform  being  to  be  assinied  to 
this  member  of  the  Y orticellina  (bphry- 
dina).  He  found  many  cystic  oval  or 
ovoid  bodies,  with  an  irregular  central 
nucleus  and  numerous  chlorophyll-cor- 
puscles in  company  with  this  Opkrydktm : 
and  along  with  these,  which  he  concludea 
to  be  encysted  beings,  other  saccular 


or^puiitms,  of  like  size  and  figure,  con- 
taining also  a  central  nucleus  and  many 
chlorophyll  cells,  and  withal  furnished 
with  a  large  number  of  tapering  tubular, 
mostly  curved  or  contorted,  motionleM 
processes  or  tentacles,  distributed  over 
the  surface,  recalling,  in  general  appear- 
ance, the  <<  digitate  AemeUu^^ 

Sjpirochomt  gemmmara  (xxx.  21-24). 
— Stein  assi^fns  to  this  pecmiar  member 
of  the  Vorticellina  a  Ycrj  extraordinary 
AeinetOy  which  he  has  named  Dendro" 
cametet  paradoxus.  The  body  is  plano- 
convex, circular,  without  pedide,  and 
gives  ofi*  from  its  surfiice  no  tentades  of 
any  of  the  ordinary  types,  but  one  or 
more  large  tubular  processes,  more  or 
less  branched.  There  is  so  great  an  in- 
constancy in  the  number,  position,  siu^ 
and  ramification  of  these  processes  (says 
Stein),  that  two  similar  specimens  are 
scarcely  to  be  found.  The  processes  on 
the  same  being  difier  also  very  much  in 
size  and  mode  and  degree  of  Dranching. 
Five  is  the  prevalent  number  in  the 
most  fully  devdoped  forms ;  above  six 
are  scarcely  ever  seen ;  three  or  four  are 
not  uncommon ;  a  single  one  is  seen  ody 
in  undevdoped  examples.  An  entire  ab- 
sence of  such  appendages  ie  not  veiy 
uncommon^  the  nudear  devdopments  in 
their  interior  serving  to  identify  them. 
Neither  their  trunk-nke  proceee  nor  any 
of  its  ramifications  has  the  power  of 
lengthening  or  shortening  itselr ;  but  the 
whole  process  may  un^tergo  a  certain 
amount  of  curvature,  and  extend  itself  in 
a  rigid  manner.  Diameter  of  body  1-64'" 
to  1-26'". 

Notwithstanding  the  vary  patent  di- 
versity in  form  and  constitution,  Stein 
declares  these  tubular  ramified  processes 


identical  with  ordinary  tentacula. 

Vagmieola  erystaUina  (xxvn.  12-16). 
— ^The  Acmeta  attributed  to  this  beinff 
by  Stein  has  a  hyaline  capsule,  expanded 
in  front  and  narrowed  posteriorly  into  a 
sort  of  hollow  pedide.  'The  dilated  upper 
portion  is  infundibuliform,  urceolate,  or 
pyriform  in  figure,  and  is  partially  occu- 
pied b^  the  granular  mass  of  the  Dody  <tf 
the  amnudcule,  endosed  in  a  membra- 
nous sac  of  its  own.  The  body  b  sus- 
pended from  the  vaulted  anterior  suiftoe 
of  the  ci^sule  by^  an  intermediate  gela- 
tinous layer,  which  often  appears  pli- 
cated. l!t8  bulk  varies  extremdy;  at 
times  it  nearly  occupies  the  whole  cavity 
of  the  capeiue,  except  the  prolong 
stem-like  portion,  which  never  contains 
any ;  at  otners  it  forms  only  a  small  ball 
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at  tiie  anterior  end,  which  is  then  con- 
tracted upon  it  by  being  thrown  into  a 
few  longitudinal  folds.  The  tentacles 
proceed  nrom  the  anterior  surface  of  the 
i>ody  and  penetrate  through  certain  fis- 
sures in  the  ciqpsule  above,  diverging 
from  the  sui&ce  in  a  radiating  manner. 
They  are  long,  capitate,  slightly  tapering 
and  retractile.  The  body  contains  a  cir- 
cular nucleus  and  a  contractile  vesicle. 
Maximum  dimensions  of  capsule  1-4'"  in 
height,  1-32'"  in  width.  Tne  minimwm 
1-24"'  high,  and  1-43'"  wide. 

Stein  puts  this  Acineta  forward  as  one 
of  the  best  illustrations  to  be  obtained  of 
the  conversion  of  an  encTsted  Vortioel- 
lina  into  an  Acineta,  The  Aeineta  he 
identifies  with  the  A.  mystaema  (Ehr.), 
and  portrays  two  modes  of  develop- 
ment: one  by  a  series  of  ciliated  em- 
bryos, enveloped  each  in  its  own  capsule, 
given  off  from  the  surface  by  a  sort  of 
gemmation — this  process  going  on  until 
the  whole  animal  mass  is  exhausted; 
the  other  by  the  conversion  of  the  whole 
mass^  simultaneously,  into  sevend  elon- 
gated-oval granular  germs,  covered  by 
a  membrane,  but  not  ciliated. 

Vortioella  nucroHoma, — Stein  consi- 
ders the  Actmcphiys  Sol  and  Fodophrya 
fixa  (Ehr.)  to  oe  the  Acinetiform  re- 
preeentatives  of  this  species  of  VorHr 
ceUa,  In  our  opinion,  as  Wore  expressed^ 
and  which  we  partake  in  common  wilii 
Cienkowski  and  others,  the  being  de- 
scribed by  Stein  under  the  name  !£^mo- 
phrya  is  m  &ct  an  Acmda,  It  is  repre- 
sented as  covered  by  a  firm  integument, 
which  frequently  assumes  the  characters 
of  a  cyst,  becomes  plicated  around  it, 
and  extended  into  a  hollow  pedicle, 
giving  it  the  fl^ipearance  of  PoJutphrya, 
Moreover,  forei^  substances  were  never 
seen  to  enter  its  interior,  as  happens 
in  the  true  Aeiinopkryn,  The  further 
history  of  this  Acineta  has  been  sketched 
in  the  chapter  on  development  of  Ciliata 
(p.  860  «e  9eq,), 

V,  nebuHfera, — The  Adnda  in  Stein's 
estimation  belonging  to  this  species  of 
VortkeUa  is  found  upon  Lemna.  The 
pedicle  is  much  longer  and  the  body 
more  contractile,  and  therefore  more 
changeable  in  figure,  than  the  Acineta 
found  on  the  Cydope,  When  at  rest, 
their  figure  is  more  or  less  compressed, 
and  ovate  or  pear-shaped,  with  a  pro- 
minent angle  on  each  side  of  the  anterior 
margin,  firom  which  a  bundle  of  radi- 
ating retractile  tentacles  extends.  Oval, 
circular,  and  discoid  forms  are  not  im- 
conmion.    The  stem  is  elastic,  curved, 


and,  as  a  rule,  longer  than  the  body  it 
supports,  and  is  hollowed  by  a  narrow 
canaL  It  expands  at  its  junction  with 
the  body  and  then  spreads  over  it,  form- 
ing an  external  sheath  or  capsule,  except 
in  the  region  supporting  tne  tentacles, 
where  it  seems  to  oe  either  absent  or  of 
great  tenuity.  Beneath  this  is  a  special 
covering  o/^the  Aemtia  bodj«,  entirely 
investing  it.  Notwithstanding  tiiese  co- 
verings, the  body  is  remarkable  for  its 
contractility  and  the  mutability  of  its 
figure.  It  also  enjoys  a  certain  amount 
of  movement  on  its  pedicle,  bending  in 
this  and  that  direction  with  a  pecmiar 
jerking  motion.  The  body  contains  an 
oval  nucleus,  and  from  one  to  three  con- 
tractile sp^c^  It^  developes  a  ciliated 
embiTO.  The  length  of  the  body  is  frt)m 
I-IW"  to  1-20'",  that  of  the  stem  not 
above  1-10"'. 

Zwthamnimn  afine,  —  The  supposed 
Acineta  of  this  animalcule  was  found  by 
Stein  on  marine  Crustaoea— the  Oam» 
marus  nutrinm  and  Spharama  serraUi, 
along  with  the  Zoo^anmium.  It  appears 
identical  wiiJi  the  Acineta  tuberoea  (flhr.^. 
It  is  compressed,  campanulate,  or  pyn- 
form,  ana  has  each  external  anterior 
angle  lobate  and  surmounted  by  a  group 
of  tapering  and  radiant  tentacula.  An 
intermediate  pronunence  is  also  frequent, 
but  no  tentacles  spring  frt>m  it  The 
body  is  distinctly  enclosed  by  a  hvaline 
elastic  capsule,  which  is  extended  aown- 
wards  into  a  tubular  pedicle,  and  b^  a 
8(^r  membrane  immediately  investing 
it.  The  latter  becomes  especially  pro- 
nounced when,  as  frequently  happens,  it 
is  thrown  into  transverse  folds  in  its 
narrower  or  posterior  half  during  the 
more  forcible  contractions  of  the  oody. 
Length  from  1-63"'  to  1-24"';  maximum 
of  stem  1-18'". 

Carcheeiwn  pyamaum,  —  Stein  lat- 
terly referred  to  this  species  an  Acineta, 
common  on  Cycicps,  and  which  he  at 
first  assigned  to  J^pistyUs  diptaHs,  The 
stem  is  very  short,  often  with  difficulty 
perceptible,  but  never  wanting.  The 
Dody  is  j;enerally  pyriform  and  com- 
pre^ed;  its  anterior  end  is  rounded  or 
truncate,  and  slightly  emarginate,  and 
supports  at  each  of  its  angles  a  bundle 
of  tentacles.  Frequently  the  tentacula 
are  not  thus  grouped  in  two  masses,  but 
occupy  the  whole  anterior  margin  and 
the  sides  for  a  short  distance — a  circum- 
stance met  with  in  smaller  specimens 
which  have  a  circular,  oval,  or  reniform 
figure.  The  nucleus  is  oval  and  small. 
No  movements  in  the  body  are  discemi- 
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ble,  and  the  lengthening  and  shortening 
of  the  tentacles  is  very  slow.  This 
Aemeta  developes  a  ciliated  embryo 
which  resembles  the  Halteria  Ch'anai' 
nella  (Buj.).  Maximum  length  1-30'". 
Common  size,  diameter  1-50'"  to  1-40'". 
AciNETA  diademiformis  (xxm.  15-16). 
-*Stein  describes  a  peculiar  Acmeta 
found  npon  the  roots  of  Lenma,  under 
the  name  of  the  diadem-Hke  Acineta. 
Its  figure  is  compressed,  discifonn, 
transyersely  oval  or  reniform;  and  it 
is  supported  on  its  somewhat  contracted 
base  W  a  short,  thick,  solid  stalk,  lonpd- 
tudinallj  striated,  and  often  marked  dj 
a  few  transverse  lines.  The  stem  is 
always  so  short  that  the  body  looks  as 
if  sessile.  The  latter  is  enveloped  by 
a  thick,  structureless,  smooth  and  hya- 
line external  membrane,  and  by  a  second 
layer  beneath,  closely  investing  the  ani- 
mal mass.  On  the  free  margm  of  the 
body,  particularly  in  front^  a  number 
of  comparatively  thick  but  fine-pointed 
tentacles  are  disposed  at  slight  distances 
from  one  another.  These,  which  are  not 
clearly  capitate,  consist  of  a  delicate  mem- 
brane enclosing  a  finely  granular  matter, 
and  are  prolongations  nt)m  the  special 
membrane  of  the  body;  consequently 
they  have  to  perforate  the  outer  enve- 
lope ;  and  Stein  leans  to  the  opinion  that 
the  latter  is  an  excretion  from  the 
former.  Usually  the  tentacular  pro- 
cesses are  very  slowly  retracted:  how- 
ever, when  the  Acineta  is  much  disturbed, 
the  shortening  takes  place  much  more 
rapidly,  and  renders  them  tortuous.  A 
long  band-like  nucleus  lies  across  the 
centre;  and  a  number  of  transparent 
vesicles  are  disposed  at  equal  intervals 
around  the  boraer,  like  a  row  of  pearls 
around  a  diadem.  At  long  intervals  one 
or  another  of  these  sacs  is  seen  to  vanidi. 


place,  like  true  contractile  veeiclee.  No 
contractions  of  the  body  are  observable ; 
it  remains  stiff  and  motionless.  It  pro- 
duces a  large  ciliated  embryo,  which 
lies  transversely  across  it  in  its  special 
sac.  Maximum  breadth  1-14"';  height 
1-20'",  of  stem  1-100"'. 

The  stiff  solid  stem  and  the  remarkable 
band-like  nucleus  indicate,  says  Stein, 
its  derivation  from  some  large  epecies 
of  EpittyUs,  It  is  the  same  organism  as 
the  Acineta  JFerrum-eqmnttm,  according 
to  Lachmann. 

A.  dwitata  (xxm.  211  ~  Under  the 
name  oi  the  fingered  or  aigitate  Admeta, 
another  vaiiet;^  of  this  ckss  is  charac- 
terized by  Stein,  who  failed  to  detect 
the  ciliated  Infusorium  to  which,   ac- 
cording to  his  hypothesis,  it  should  owe 
its  origin.    It  was  found  on  some  Ento- 
mostraca,  and  had  a  stemless,  patella- 
shaped  or  transversely  oval   body,  ad- 
herent either  by  the  whole  surmce  in 
Imposition  or  by  the  central  portion  only. 
Its  upper  side  usually  presented  irTea:ular 
depressions  and  small  eminences,  and  was 
very  often  divided  into  an  anterior  and 
posterior  half  by  an  annular  constriction. 
From  the  entire  upper  sur&ce,  or  only 
from  its  anterior  section  when  the  central 
constriction  is  present^  a  number  of  di- 
verj^nt,  very  thick,  finger-like  tentacles 
spring,  i^parently   wiuout   order  and 
non-retractile.    No  contractions  of  the 
body  were  witnessed ;  but  some  change 
of  outline  is  possible.    A  narrow,  coiled 
nucleus  is  brought  into  view  by  aoetie 
acid.    The  peculiar  contractile  vedcles 
are  wanting ;  but  from  two  to  three  un- 
changeable dear  spaces  of  differ^it  sizes 
exist.    Along  witn  these  normal  speci- 
mens, others  occurred  having  a  smooth 
surface  and   no  processes.      MaTrimum 
width  1-30'";  height  1-58'". 


and  after  a  time  to  reappear  in  the  same 

Genus  OPBHYODENDRON.  —  Noticed  and  named  in  Lachmann  and 
GlaparMe's  paper  in  the  Ann,  df  8c,  Nat,  1857.     No  description  given. 

It  is  said  to  be  a  very  singular  animal,  doubtfrdly  referable  to  Acinetina, 
found  parasitic  on  Gampanularia  from  the  Norwegian  coast.  One  species  is 
named. 

Ophbyodbndbon  abietinum, — Characters  undescribed. 


GROUP  III.— CILIATA  (p.  199  and  p.  266). 

The  group  of  the  ciliated  Protozoa,  according  to   the  scheme  adopted,  are 
resolved  into  two  divisions : — 1,  mouthless  (Astoma) ;  and  2,  those  having 
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a  mouth  (Stomatoda).  Of  the  former  we  have  in  the  general  history  de- 
scribed two  familes,  viz.  Opalinsea  and  PeridinisBa ;  and  we  shall  first  pro- 
ceed to  give  a  systematic  accomit  of  their  several  recognized  members,  aad 
in  «o  doing  redistribute  certain  species  and  genera  otherwise  classed  by 
Ehrenberg, — ^for  instance,  several  Opalince  described  among  the  Bwrsarice, 
Again,  in  the  systems  of  Dnjardin  and  Perty,  several  monthless  genera  are 
enumerated  which  must  find  their  place  in  the  first  division  of  the  Ciliata,  as 
adopted  by  ns.  Such  are  the  Leucophryina  of  Dujardin  generally,  togettier 
with  a  few  Ploasconiens  and  Erviliens,  and  the  Cobalina  of  Perty.  The 
Peridiniasa  of  Ehrenberg,  again,  include  two  genera,  ChcBtotyphla  and  Chce^ 
togl&na,  which  should  rightly  find  a  place  among  Phytozoa ;  but,  to  avoid 
disturbing  the  dassification  employed,  we  have  retained  them  in  the  same 
fiunily. 

Among  the  Stomatoda  are  described,  not  only  the  families  enumerated  by 
Ehrenb^  (see  p.  377),  but  abo  those  constituted  by  Perty,  Dujardin,  and 
others, — Uie  place  of  their  introduction  being  determined  by  the  Ehrenbeigian 
group  to  which  they  appear  to  hold  the  greatest  afBnity. 

We  commence  the  systematic  account  of  the  Stomatoda  with  the  ill-defined 
and  imperfectly  observed  family  Cyclidina,  and  take  the  other  Ehrenbergian 
fiunilies  in  the  order  shown  at  p.  377.  With  the  Vorticellina  the  Urceolarina 
of  Dujardin  and  the  Vaginifera  of  Perty  are  conjoined,  as  well  as  several 
genera  newly  instituted.  The  Ophrydina  embrace  additional  genera ;  and  the 
genus  Enehelia,  whilst  it  is,  on  the  one  hand,  deprived  of  the  very  heterogeneous 
organisms  introduced  into  it  by  Ehrenberg,  viz.  Actinophrys,  Acinetay  and  Tri- 
choducHSy  and  which  have  already  been  treated  as  subfamilies  of  Ehizopoda, 
it  has,  on  the  other,  appended  to  it  the  families  Tapinia,  Apionidina,  and 
Holophryina  of  Perty,  besides  several  genera  named  by  this  naturalist  and 
by  Dujardin.  The  history  of  Bursarina,  Decteria,  and  Cinetochilina  (Perty), 
is  included  in  that  of  the  Trachelina;  and  that  of  Paramecina  (Buj.)  and 
Aphthonia  (Perty)  in  the  account  of  Eolpodea.  The  Oxytrichina  embrace 
the  Keronina  (Keroniens)  of  Dujardin ;  lastly,  the  Euplotina  comprehend  the 
PloBBooniens  andEryUiens  of  the  same  writer. 

Division  A.— ASTOMA. 

FAMILY  I.— OPALINSEA.    (Part  L  p.  267.) 

(XXn.  46,  47 ;  XXVI.  28,  29.) 

Ciliated  parasitic  Protozoa,  consisting  of  a  more  or  less  oval  sac,  which  resem- 
ble in  figure  many  Bursarias,  and,  although  often  presenting  an  anterior  fold 
or  fossa,  have  no  mouth.  They  contain,  besides  the  usual  molecular  matters, 
a  granular  nucleus,  and  multiply  by  transverse  fission.  A  globular  contractile 
veaicle  is  absent  in  all ;  but  in  0.  Planariarum  and  0.  u/ncinata  (of  Schultze) 
an  elongated  pulsating  sac  occurs,  recalling  in  character  the  so-called  dorsal 
vessel  of  various  higher  animals ;  and  in  others,  instead  of  a  contractile  vesicle, 
numerous  irr^ularly-disposed  saccular  spaces  occur.  The  nucleus  is  not  dis- 
coverable in  0.  Banarum,  whilst  in  0,  branchiarum  one  of  unusually  large 
volume  is  found.  Opalince  are  probably  larvse  of  various  vermes,  and  not 
independent  organisms. 

Qenus  OPALINA. — ^The  characters  the  same  as  those  of  the  subclass.  It 
will  be  seen,  in  the  following  specific  descriptions,  that  many  of  the  Opalinm 
have  been  described  by  other  systematic  writers  as  members  of  genera  of 
Stomatoda,  such  as  Bursariay  Leucophrys,  and  Paramecium.  Stein  has  de- 
voted much  attention  to  the  Opalinas ;  and  we  accept  his  determination  of  the 
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characters  and  distiiictions  of  species,  along  with  the  names  he  has  assignei 
them. 

The  genus  OpaUna  was  constituted  bj  Purkinje,  and  has  been  genenJlj 
accepted.  Diyardin  introduced  Opalina  into  his  family  Leucophryina  along 
with  Leucophrya  and  Spathidium,  and  characterized  that  feunily  as  of  a  com- 
pressed-oval or  oblong  figure,  clothed  with  dosely-airanged  cilia  in  regular 
series,  and  apparently  destitute  of  a  mouth. 


Opalina  Hanarum  =  Buraaria  Rana^ 
rum  (E.). — ^The  mouth  described  by 
Ehrenberg  in  this  species  is  merely  a  fold 
of  the  sumce,  as  may  be  proved  by  add- 
ing a  dilute  solution  of  io<une,  of  alcohol, 
or  of  acetic  acid,  which  will  cause  the 
animal  to  swell  up  and  evenly  distend 
the  entire  surfietce.  Stein  could  find  no 
nucleus.  This  species  is  common  in  the 
intestine  and  bladder  of  frogs.  Perty 
makes  it  to  include  besides  Bursana 
Ranarum  fE.),  also  B,  Entasoon^  B, 
NudeuBj  ana  probably  B.  intestinaKs, 

O.  Hanartamm  (Siebold)  =  O.  poty- 
morpha  (Schultze).  — The  hodj  has  the 
form  of  a  long  cylindrical  sac,  pointed  and 
wedge-shaped  posteriorly,  and  ex{>anded 
in  £ont  as  a  remarkable  semicircular 
disc,  by  the  central  part  of  which  it  ad- 
heres to  the  surfiftce  of  the  intestine  it 
occupies,  the  border  being  crowned  with 
a  wreath  of  long  cilia.  The  actual  point 
of  attachment  appears  destitute  of  cilia : 
but  tiie  posterior  surface  is  thickly  studdea 
with  shorter  ones.  The  contents  consist 
of  a  homogeneous  molecular  substance, 
with  numerous  interspersed  hyaline 
spaces.  A  long  pulsating  vesicle  (or, 
m>m  its  length,  a  vessel)  and  a  nucleus 
are  also  seen  within  the  interior.  The 
pulsating  vessel  extends  to  the  extreme 
point  of  the  body  behind,  just  beneath 
the  integment,  but  not  in  union  with  it, 
and  terminates  on  the  anterior  side  of 
the  semicircular  process  in  front  Its 
walls  are  structureless  and  transparent; 
and  by  its  alternate  contractions  and  ex- 
pansions it  pushes  forth  the  contained 
water  alternately  from  each  end.  The 
position  of  the  nucleus  in  the  interior  is 
not  constant;  it  consists  of  a  finely 
granular  mass  containing  some  larger 
g;ranules,  and  is  sharply  denned.  Fission 
IS  transverse,  the  nucleus  and  contractile 
vessel  dividing  consentaneously  with  the 
body.  Stein  could  not  discover  the 
orinces  at  the  end  of  the  pulsating  vessel 
described  by  Schultze.  Maximum  size 
1-8'"  in  length;  breadth  1-20'";  length 
of  nucleus  1-26'". 

O.  Lumbrici  (Stein). — Is  represented 
hvLetic^hrys  striata  and  X.  noduUxta 
(I>i\).),  the  latter  being  an  altered  form 


of  the  former,  dependent  on  irreg^ular 
endosmosis  of  the  water  in  which  it  is 
placed.  Transverse  fission  occurs  in  all 
sizes,  which  vary  firom  1-60"'  to  1-14"'. 
Parasitic  in  earth-worms  {Lumbried). 

0.     amiata     (Stein)  =  O.     lAaibnei 
(Ihij.V — ^Has  an  oval  comf 
like  the 


e  foregoing,  from  which  it  < 
by  haviuff  a  strong,  homy,  uncinate  pro- 
cess at  Sie  antenor  extremity,  on  the 
under  surface  of  the  body,  and,  extending 
from  it,  a  fold  of  the  surmce.  The  other- 
wise homogeneous  and  finely  granolar 
nucleus  is  remarkable  by  exnibiting  a 
greater  or  less  number  of  solid  oval 
nuclei  and  elongated  rods.  Spedmens 
of  this  species  are  j^eculiar  by  tneir  uni- 
formity of  size,  which  somewhat  exceeds 
that  of  the  largest  O.  Lmnbrid,  being 
from  1-12'"  to  1-8'" :  hence  Stem  pre- 
sumes that  O.  armaia  is  nothing  more 
than  a  further  developed  phase  of  0. 
Lumbnei^  from  which  it  dirors  only  in 
size  and  m  the  presence  of  the  prdi^aik 
apparatus.  He  surmises  further  that 
this  and  other  OpaJintB  may  be  members 
in  the  chain  of  development  of  wormi. 

O.  AnodofUa  (Stein)  a  Zeueophryt 
Anod<mt€B(E,), — ^Mouthless,  oval,  turgid, 
transparent ;  ciliated  equally  thnmghoot 
1-36'".  Parasitic  in  AnodmUa  and  ify- 
tUus  eduUs, 

0.  branMarum, — ^Is  characterized  by 
its  very  large  nucleus,  which  equals  in 
volume  the  naif  of  the  entire  organiam. 
Its  contour  is  also  similar ;  and  it  might 
be  taken  for  an  imprisoned  animaL 
Common  in  the  ovisacs  of  Oammanu 
JMex. 

0.  Uneata  (SchultzeV  —  Is  without 
undni,  and  has,  like  the  last,  a  very  laifre 
nucleus.  InJVai>fijt<or(ifi«(seeSchultie^s 
work  Beitroffe  zur  NaturgeatkkMe  iar 
IMfeOarien,  Greifewald,  1861,  p.  69). 

0.  Nd'idos  (Duj.)  (xxvi.  28,  29).-4fl, 
like  the  preceding,  unfurnished  with  a 
prehensile  apparatus.  Fisnire  oval,  or 
very  elongated  and  neany  cylindncal, 
longitudinally  and  transversely  striated: 
the  fold  extends  from  the  anteri(7  ex- 
tremity nearly  to  the  middle.  Numerous 
clear  spaces  in  the  interior,  irregularly 
distributed.     1-22"' to  1-11"'.    Parasitic 
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in  IfaM  (one  of  the  Annelida)  (xxi.  28, 
29). 

O.  utiemaia  (Schultze).  —  Besembles 
O.  jPlanariarum  in  general  organization ; 
it  has  the  same  sort  of  pulsating  yessel^ 
and  a  aunilar  nndens ;  it  multiplies  by 
transTeise  fission,  and  difiers  from  aU 
other  known  OpaHna  by  haying  a  pair 
of  strong,  homy  nncini  at  the  anterior 
extremity  one  on  each  side  of  the  median 
line,  giying  it  a  bilateral  character.  Stein 


supposes  this  armature  replaces  the  usual 
fim^  of  cilia,  in  the  amnuJs  after  haying 
attained  a  certain  age  or  stage.  In  the 
interior  of  JPlatiaria  uha,  &c     1-120". 

0.  Dritanis  (Perty). — ^Discoid,  rounded 
in  front,  with  a  loop-like  depression; 
colourless.  1-386".  Reyolyes  on  its 
shorter  axis.  Parasitic  in  the  intestine 
of  !nriton  criUatm  (the  crested  Water- 
newt).  Is  yery  like  O.  lUmarum,  and 
requires  further  examination. 

O.  Jiudew  ss  Bursaria  Nucleus  I  0,J5ntozoon=kBttr8ariaMUozoon;  0,inte9tinaUs 
^Bunaria  inUUmaUa,  These  three  presimied  species  are  nothing  more  than 
different  phases  of  growth  and  deydotoment  of  Opcuina  (Bursaria,  Ehr.)  Bcmarum, 
We  haye,  howeyer,  retained  the  brief  notes  of  tneir  characters  as  Bursaria  giyen 
by  Ehrenberg. 

FAMILY  IT.— COBALINA  (Perty). 

AfiimalH  parasitic ;  either  with  or  without  a  mouth ;  most  of  them  reedye 
oaily  the  juices  of  other  animals.  Body  mostly  flattened,  oyal,  elliptic,  or 
renifoinn,  with  numerous  rows  of  yery  delicate  dlia,  and  often  with  an  un- 
cinate ysuriety  on  the  under  surflGU^e.  An  oral-looking  depression  or  fold  fdr- 
niahed  with  stronger  dlia  commonly  perceptible  ;  but  seyeral  haye  no  such 
indication  of  a  mouth.  Only  those  Hying  externally  upon  animals  are  capable 
of  receiying  solid  nourishment.  In  internal  functions  and  in  form  they  pre- 
sent a  general  uniformity  and  agreement,  and  are  equally  peculiar ;  they 
occupy  a  lower  position  than  fr^e  Hying  forms  similar  to  them ;  their  moye- 
ments  are  simply  automatic  in  character. 

a. '  With  rows  of  cilia  above,  and  undni  hevuaih, 

Gtous  ALASTOR. — ^The  type  of  this  genus  is  the  Kerona  Pol/yporwm 
(Ehr.),  and  is  called  Alastor  Polyjporwn, 

b.  With  delicate  cUia  both  above  and  beneath.    Beceiye  only  the  juices  of 

other  animals. 
Genus  PLAGIOTOMA  (Duj.)  (vide  Family  TaACHBUWA). 
PtAOiOTOiCA  Lumbriei;  Pl.  Concharum;  Pl.  (P)  cUfforrmB, 

Genus  LEUCOPHRYS  (Duj.)  {vide  anU,  p.  570,  Opamna  Lumbriei). 
LsircoPHBYS  striata. 

Division  B.— STOMATODA. 

FAMILY  I.— CYCLIDINA. 
(X.  209-212). 

IlloricatedPolygastrica  devoid  of  eye-specks  and  of  true  alimentary  canal, 
and  haying  but  one  alimentary  aperture,  ftimished  with  ciHa  or  bristles,  the 
yarious  groupings  and  relations  of  which  afford  characters  for  the  discrimina- 
tion of  file  genera ;  gastric  cells  (yacuoles)  have  been  observed  in  two  species 
of  Cyclidium.  Locomotion  is  effected  by  the  vibratile  dHa  and  a  filament 
{proceeding  from  the  anterior  extremity. 

The  genera  are  distributed  as  follows : — 

{Body  compreeaed— cilia  arranged  in  a  single  1  qydidium. 
<^i«^ f       ,^  ^  • 
Body  round— cilia  scattered  all  oyer Pantotnchum. 

Body  fkraiahed  with  brisUes ChaBtomonas. 
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This  fiunily  has  no  correspondmg  one  in  the  system  of  Bujardin.  Some  of 
its  members  are  represented  in  the  family  of  the  Enchelina  as  members  of  ^ 
genera  Acomia  and  Enchelys,  The  genus  Cyclidium  (Buj.)  is  indaded  among 
the  Monadina  of  that  author  (p.  497),  and  includes  beings  furnished  with  a 
filament,  but  destitute  of  mouth  and  dlia — characters  not  at  all  analogous  to 
those  given  by  Ehrenberg  to  his  genus  of  this  name. 

Forty,  moreover,  has  not  retained  this  fEimily  in  his  system^  all^ough  he 
accepts  the  genus  Cyclidium,  which  he  refers  to  a  fiEunily  called  ^  Tiequnia," 
where  it  is  associated  with  Acomia  (Buj.),  with  Leucophrys  (Ehr.)  or  Trichoda 
(Buj.),  and  with  the  following  newly-instituted  genera:  viz.  Acropitthium^ 
Boeonidivm,  Opisihiotricha,  Siagontherium,  and  Megatrieha, — a  set  of  terms  not 
recommending  themselves  by  their  euphony,  and,  we  presume,  not  wanted  in 
a  true  systematic  distribution  to  express  distinct  and  independent  forms  of 
ciliated  Protozoa.  However,  to  render  our  resume  complete,  these  presumed 
new  genera  are  appended  to  the  family  of  Enchelia,  to  which  several  of  their 
species  are  referred  by  Ehrenberg. 

The  family  Cydidma  (Ehr.)  would,  in  all  probability,  disappear  from  a 
revised  system  of  dassification.  Thus  Cyclidium  appears  to  be  only  an  em- 
bryonic phase  of  other  animalcules,  and  Pantotriehum  and  CJiatofkonas  are 
not  suffidently  characterized  and  examined  by  Ehrenberg  to  enable  us  with 
certainty  to  recognize  them,  or  to  determine  their  affinity.  Moreover,  the 
beings  brought  together  under  these  genera  are,  some  of  tikem  at  least,  veiy 
doubtfally  referable  to  them,  and  have  been  so  casually  examined  that  their 
identification  would  be  difficult.  The  ova  and  the  polygastric  organization 
mentioned  in  Ehrenberg's  account  are  matters  only  of  hypothesLs. 

Genus  CYCLIBIIJM. — ^Body  compressed  discoid,  provided  with  a  simple 
circular  row  of  cilia.  In  C,  Oluucoma  alimentary  vacuoles  are  distinct.  The 
mouth  is  a  rounded  opening,  situated  upon  the  under  surface  of  the  body, 
either  dose  at  the  anterior  extremity,  or  towards  the  centre.  The  ozgans  of 
locomotion  consist,  as  in  Kerona  and  Styhnychia,  of  a  number  of  dlia-like 
feet,  situated  on  the  margin  of  the  abdomen.  It  has  been  thought  that 
longitudinal  lines,  produced  by  rows  of  very  delicate  cilia,  were  present ;  if 
so,  and  an  anal  opening  be  discovered,  C,  Glaucoma  would  rank  with  the 
Con/trichina.  Fission  transverse.  Since  Ehrenberg  wrote  these  obeervatioDS, 
Lachmann  has  described  not  only  a  mouth,  but  also  an  anus  on  the  ventral 
surface  near  the  posterior  extremity.  This  statement,  taken  in  connexion 
with  another,  that  some  at  least  of  the  forms  of  CycUdium  are  embryonic 
stages  of  other  animalcules,  leaves  this  genus  in  the  greatest  uncertainty  both 
as  to  its  independent  existence  and  its  systematic  position. 


CYCLinnjif  Olaucoma  (M.). — Oblong- 
elliptic,  abdomen  fringed  with  cilia ; 
dehcate  longitudinal  striae  are  observed 
upon  the  back.  In  swimming,  it  re- 
sembles Oyrirms,  or  Notonecta,  a  well- 
kaown  little  black  water-beetle  (see 
Microscopic  Cabinet,  pi.  4).  Sometimes 
the  movement  is  very  quick;  at  other 
times  the  animalcules  remain  for  awhile 
stationary,  and  then  presently  spring 
with  a  curvetting  motion  to  another 
spot.  Formerly  this  species  was  con- 
founded with  Ulaucoma  sciniillans,  but 
is  much  smaller  (x.  200  is  a  side  view, 
showing  the  cilia ;  fig.  211a  dorsal  view ; 
and  fig.  210  a  specimen  undergoing  trans- 


verse self-division).  They  are  repe- 
sented  as  fed  witn  iadi^.  Abunoant 
in  vegetable  infusions  m  the  fipring. 
1-2880"  to  1-1160". 

Betwixt  this  spedes  and  Ackeljfi 
nodulosa  (Bui.)  there  is  a  complete 
agreement  The  body,  on  a  transverse 
section,  is  triangular ;  hence  it  i»  (mp 
Perty)  that  Bujardin  has  described  it  as 
sometimes  assnming  a  triangular  fonn. 
Chlorophyll  ffranuks  are  occasioDall; 
seen  mteniallv.  Stein  identifies  the 
embryo  of  Chuodon  CucuUuku  with  this 
species  of  Cudidmm,  which  he  wodd 
tnerefore  exclude  from  the  cateffoiy  of 
independent  animdcules.  Intcmdly,thi0 
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excellent  observer  also  describes  a  con- 
tractQe  vesicle  and  a  discoid  nucleus; 
the  fonner  is  the  dear  space  mistaken 
hy  Ehrenbeig  for  a  mouth.  At  the  same 
tune  he  considers  an  oral  aperture  most 
probably  exists  somewhere  near  the 
middle  of  the  organism,  since  he  has 
seen  the  entrance  of  solid  particles  into 
the  interior.  Perty  makes  C.  Olaucoma 
smonymous  also  with  Enchelys  trimtetra 
(tair.),  and  probably  with  the  Faro- 
mecmm  Mtttutn  and  VycUdium  Milium  of 
MiiUer.  In  his  s^rstem  it  is  a  member  of 
the  family  Tapinia,  where  it  is  conjoined 
with  some  sj^cies  of  Leuecphrys,  with 
Aeomia  (Duj.),  and  several  newly- 
created  genera. 

C.  margttritaceum. — Orbicular,  ellip- 
tical; the  posterior  end  slightly  excisea ; 
the  dorsal  surfiace  with  mstinct  longi- 
tudinal  lines ;  cilia  not  distinct.  1-1600" 
to  1-1000". 

This  species  is  separated  by  Perty  from 
GlaueomOy  and  constitutes  in  his  system 
the  representative  of  a  genus  he  names 
CmetoMhany  which,  with  Olaucomaj 
fonns    the    feunily  Cinetochilina    (vide 


Glaucoma).  The  Cin,  margaritaceum  is 
characterized  as  a  short  elliptical  animal, 
rather  compressed  and  with  its  vibratile 
flap  on  the  posterior  half,  colourless  and 
truisparent  Movements  quick;  rota- 
tion on  its  axis  rare.  Cilia  very  short 
Fission  transverse.  1-810"  to  1-720". 
Lachmann  (A.  N,  JET.  xix.  216)  appears 
to  approve  of  the  systematic  position 
assigned  by  Perty  to  this  being. 

C.  (?)  planum.  —  Oblong-elliptic, 
smooth ;  cilia  but  little  marked.  l-2o40". 

C.  (P)  fcn^/orm<f.  —  Smaller  than  C, 
planum,  and  has  no  distinct  strisa  or  cilia. 
1-3180". 

0.  Arborum.  —  Small,  suborbicular, 
slightly    excised  laterally:   dorsum  ru- 

fose;  margin  everywhere  ciliated.  Diam. 
-192"'.  Marginal  cilia  used  in  the  way 
of  feet;  swims  rapidly.  Fission  trans- 
verse.    On  moss  of  trees. 

This  animalcule  is  identified  by  Cohn 
(Siebold's  Zeitach,  1851,  p.  273)  with  the 
embryo  developed  by  Loxodes  (Parame- 
cium) Bursaria.  If  this  be  the  case,  it 
must  be  rejected  from  the  list  of  inde- 
pendent species. 


Genus  PiLNTOTBIOHUM.— Body  turgid,  covered  with  moveable  cilia.  In 
P.  Enehelys  gastric  ceUs  (vacuoles)  are  distinctly  visible.  Granules,  green  or 
yellow,  occupy  the  interior.  Ehrenberg  says,  "  The  absence  of  a  double  ali- 
mentary aperture  is  not  yet  proved ;  nor,  on  the  other  hand,  is  its  existence." 
Pctntotrichum  is  not  received  by  Perty  as  an  independent  genus,  but  is  com- 
prehended by  him  with  Lagenella  and  Chcetoglena,  under  the  common  appel- 
btion  Cfumemaruu,  and  placed  among  the  Thecamonadina. 

Paktotbichtjm  £nc?iely8, — Cylindri-  i  Ovate,  spherical,  of  a  green  colour.    In 


cal,  oblong,  rounded  at  both  ends ;  hya- 
line at  exianemitiee  and  turbid,  the  centre- 
colour  pale  yellow,  x.  212  is  a  cluster 
of  animalcules;  those  to  the  left  are 
more  highly  magnified  than  the  others. 
In  swimming  tkej  revolve  and  glide 
along  in  the  direction  of  the  longer  axis 
of  the  body.  In  iofiisions  of  raw  flesh. 
1-1150". 
P.  volvox  (Leucophrya  viridis,  M.). — 


brackish  water.     l-SCJCT". 

P.  LageneUa, — Ovate,  the  ends  equally 
rounded,  anterior  ciliated  portion  pro- 
duced in  the  form  of  a  neck  or  beak. 
Amongst  Conferva.    1-1080"  to  1-670". 
I      Schneider  (A.  K  H,  1864,  p.  329)  de- 
scribes this  species  as  forming  around 
I  itself  a  cyst,  which  completefy  retains 
I  the  flask-like  form  of  the  hody.  when  the 
j  animalcule  enters  on  a  state  ot  rest. 

Genus  CH^ETOMONAS. — ^Motion  slow,  and  leaping  by  means  of  the  bristles 
on  the  body,  which  are  not  vibratile.  Internal  organization  very  Httle  known. 
They  are  parasites,  living  on  the  dead  bodies  of  other  Infusoria,  and  in  infri- 
sions  of  flesh  or  other  animal  matters.  A  vibration  is  seen  at  the  mouth ;  but 
whether  it  is  produced  by  a  filament  or  by  cilia,  is  uncertain.  In  C  con-- 
itricta,  transverse  self-division  is  thought  to  have  been  seen. 

Cbjbtohonas  Globulus,  —  Almost 
«{>herical,  of  an  ash-colour,  furnished 
with  setffi  or  bristles.  It  often  has  the 
figure  of  Monas  Outtula,  but  is  larger; 
sometimes  two  cluster  together.  In 
bad-smelling  infusions  of  ammal  matter 
along  with  Pantotrichum  EncMySy  Monas 


Termo,  &c. ;  also  in  the  dead  frx)nds  of 
Closterium  acerasum,  as  shown  at  x.  113. 
1-2880". 

C.  constricta,  —  Transparent,  oblongs 
slightly  constricted  at  the  middle,  and 
having  two  setas  or  bristles.  In  dead 
Hydatina  senta,     1-6760". 
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FAMILY  n.—PERIDINI^EA.    (Part  I.  p.  271.) 

(PI.  X.  214-226 ;  XH.  47  j  XXXI.  16-23.) 

In^isoria  without  an  aHmentaiy  canal,  covered  with  a  lorica,  upon  which  cilia 
or  setae  are  often  arranged  in  the  form  of  a  zone  or  crown — Whence  the  name. 
The  lorica  has  only  one  opening.  Three  out  of  the  four  genera  have  a  fila- 
ment hesides  the  wreath  of  cilia  around  the  middle  of  the  body,  or  scattered 
cilia  or  bristles.  In  only  Peridinium  Pulvisculus  and  P,  cinctum  have  artificial 
means  succeeded  in  demonstrating  the  admission  of  food,  the  internal  organi- 
zation being  greatly  obscured  by  the  mass  of  coloured  opake  granules,  which 
Ehrenberg  cidled  ova.  A  nucleus  and  a  red  stigma  (eye,  Ehr.)  are  disoover- 
able  in  some  species. 

The  genera  are  disposed  as  follows : — 

Lorica  baying  stiff  bristles  or  short  spines — ^no  transYarsel  ^^  ®^® nwotyp 

*^*™^®^«*''® leyepraMnt Chsto^floa. 

Lorica  smooth  or  rough — a  ciliated  transverse  lone  pre- 1  "^^^T® 

•^* \  eye  present Glenodiniiim. 

Some  of  the  presumed  species  have  been  found  only  in  a  fossil  state  in  flint 

Dujardin  constitutes  a  femily  Peridiniens,  agreeing  in  the  main  with  that 
of  Ehrenberg,  and  thus  narrates  its  characters:  ** Animals  without  known 
internal  oigans ;  enveloped  in  a  regular,  resistant,  membranous  lorica,  which 
sends  oS  along  flagelliform  filament,  and^  in  addition,  has  one  or  more  farrows 
beset  with  vibratile  cilia.'' 

The  lorica  would  appear  to  have  no  opening ;  for  foreign  bodies  and  oolour- 
ing  matter  are  not  seen  to  enter  it.  Several  have  their  loiica  prolonged  into 
horn-like  processes ;  and  some  exhibit  a  coloured  point  (eye-speck).  They 
are  distinguished  from  Thecamonadina  by  the  ciliated  fturow  or  furrows. 

Dujardin  observes  that  *<  as  the  first  two  of  Ehrenberg's  genera  are  with- 
out the  fhrrow  and  vibratile  cilia,  and  have  only  a  filament  as  a  locomotive 
organ,  they  are  evidently  akin  to,  and  not  separable  fiom  the  Thecamonadina, 
unless  spines  or  asperities  of  the  lorica  are  to  be  taken  for  cilia.  Again,  the 
so-called  eye-speck  is  not  a  sufficient  generic  distinction  between  Peridiimim 
and  Olenodinium ;  the  former  genus,  moreover,  should  only  include  spherical 
animalcules,  whilst  those  concave  on  one  side,  and  exhibiting  horns,  wiU 
rightly  form  a  distinct  genus — Ceratiwn.'* 

Perty  coincides  with  Dujardin  in  detaching  CJuBtotyphla  and  Chostoglena 
from  the  Peridinisea,  and  in  uniting  them  with  Thecamonadina.  Chcetoglena 
he  merges  with  Paniotriehum  and  Lageneda  in  a  genus  which  he  names  Chon&- 
monas  (p.  613).  His  Peridinisea  comprehend  three  genera,  viz.  Certxtium, 
GUnodinium,  and  Peridinium:  the  first  characterized  by  a  cellular  lorica 
prolonged  into  horns ;  the  second  by  a  cellular  not-homed  lorica ;  and  the 
third  by  a  structureless  lorica.  A  reference  to  the  figures  of  Chaioglena  and 
Chcetotyphla  is  sufficient  to  show  that  these  two  genera  have  no  claim  to  be 
ranged  with  Peridinium :  the  former,  in  particular,  indicates  in  its  structure 
and  general  appearance  a  member  of  the  Oryptomonadina ;  and  the  latter,  if 
not  a  member  of  the  same  order,  is  certainly  not  one  of  ihe  Peridinieea,  but 
probably  the  encysted  state  of  some  animalcule.  The  imperfect  descriptions 
attached  to  these  genera,  and  the  absence  of  sufficiently  distinctive  features 
in  their  illustrations,  renders  their  exact  identification  with  similar  known 
forms  a  matter  of  difficulty,  if  not  of  impossibility.     Again,  the  special  diffier- 
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ential  character  between  Ol&nodirdvm  and  Peridwivm,  viz.  the  existence  of  a 
red  speck  in  the  former^  is  worthless ;  and  were  no  other  peculiarities  discover- 
able, the  two  genera  should  be  merged  into  one.  However,  the  elongation  of 
the  lorica  into  horn-like  processes  supplies  a  differential  character  sufficient 
at  least  to  constitute  two  genera  out  of  their  several  members.  Ehrenberg  re- 
cognized this  indication  of  a  division,  and  adopted  it  for  his  eyeless  PeridimsBa, 
making  two  sections : — 1,  Peridinium  proper ;  and  2,  Ceratium,  homed  Peri^ 
dinia.  Perty,  we  have  seen,  uses  the  same  structural  peculiari^  as  a  generic 
character,  but,  in  addition,  makes  a  third  genus,  marked  by  the  abs^ce  of 
sculpturing  on  its  lorica.  This  basis  we  hold  to  be  insufficient  for  a  generic 
distmction ;  and  the  whole  of  the  FeridiniaBa  proper  appear  to  us  reducible  to 
the  two  genera  Peridinium  and  Ceratium;  Glenodinium  we  would  conse- 
quently canceL  The  rejection  of  Ehrenberg's  views  of  internal  organization, 
and  of  two  of  the  four  genera  he  classed  as  Feridinisea,  renders  a  revised 
description  of  this  family  necessary.  In  attempting  this,  we  may  state  that 
the  Peridinisea  are  animalcules  having  an  external,  condensed,  chitinous  inte- 
goment  forming  a  lorica,  lined  by  a  contractile  membrane  immediately  invest- 
ing the  organic  contents.  No  actual  oral  opening  is  satisfactorily  made  out ; 
but  in  most  species  a  deep  fossa  or  fissure  is  foimd,  from  the  bottom  of  which 
a  flabelhim  extends,  mostly  twice  or  more  than  twice  the  length  of  the  body. 
Their  figure  is  more  or  less  globular  or  ovate ;  and  sometimes  the  lorica  is  ex- 
tended into  two  or  three  long  horn-like  processes,  giving  the  whole  being  a 
very  bLzane  appearance.  A  deep  furrow  surrounds  i^e  body  as  a  zone,  and  in 
some  spedee  a  vertical  prolongation  of  it  extends  to  one  pole.  These  furrows 
are  richly  ciliated ;  yet  the  cilia  do  not  appear  confined  to  them,  as  Ehrenberg 
supposed,  but  may,  at  least  in  one  species,  cover  the  entire  surfskce.  The 
interior  is  occupied  by  masses  of  usually  strongly-coloured  brownish  yellow,  or 
reddish  or  greenish  brown,  rendering  the  animalcules  very  opake.  In  some 
epecies  an  oval  nudens  has  been  seen ;  and  its  presence  is  presumable  in  all. 
A  contractile  vesicle  has  not  yet  been  demonstrated.  They  multiply  by 
transverse,  and  it  may  be  also  by  longitudinal  fission.  P.  vberrimum  has  been 
found  in  a  quiescent  condition ;  and  doubtless  some  mode  of  propagation  exists ; 
Perty  end^vours  to  prove  it  is  by  internal  germs.  The  zone-like  ciliary 
farrow  may  be  adduced  as  the  leading  characteristic. 

Genus  CH.£TOTYPHLA. — Lorica  silidous,  hispid  or  spinous,  destitute  of 
a  tansverse  fiirrow  or  zone,  and  of  stigma ;  surface  covered  with  little  spines 
and  bristles,  which  appear  stronger  at  the  posterior  portion  of  the  body.  The 
brica  may  be  crushed  by  pressure,  and  the  little  creature  within  it  be  set  at 
liberty.  In  swimming  it  revolves  upon  the  longitudinal  axis,  probably  by 
means  of  a  delicate  filiform  proboscis,  or  of  cilia  at  its  mouth ;  no  such  organs, 
however,  have  been  seen.  Of  the  internal  organization,  nothing  positive  is 
known.  One  species  has  been  discovered  in  flint,  and  so  dosely  resembles 
Xanithidiumy  that  it  is  often  mistaken  for  it. 


CB.ST0TTPHLA  ormota, — ^Ellipsoidal, 
brown,  ends  rounded;  covered  posteri- 
oriy  with  short  spiaes,  where  there  is  a 
circlet  of  black  spots,  as  shown  in  the 
end  view,  x.  215.  The  anterior  cilia,  or 
fine  bristles,  are  sometimes  very  indi- 
stinct ;  X.  214  is  a  variely  in  which  they 
aie  strongly  marked.  In  clear  water, 
amcmgst  ConfervsB.    1-620". 


C.  aspera, — ^Brown,  oblong,  rounded  at 
both  ends,  and  rough,  with  short  bristles ; 
the  little  spines  are  scattered  without 
order  at  the  posterior  end.  Found  with 
the  preceding.     1-670". 

C.  (?)  JV-ti^.  — Oblong  cj;lindrical, 
roundedf  at  both  ends,  and  provided  with 
delicate  elongated  bristles,  but  no  spines. 
Fossil  in  flint,  near  Delitzsch.  l-llW. 


Genus  CaETOGLENA.— Lorica  silicious,  destitute  of  a  transverse  zone 
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or  furrow,  but  striped  or  covered  with  spines  or  stiff  hairs,  and  having  afi 
eye-speck.  The  organ  of  locomotion  is  a  simple  flabellum.  Hie  int^ior 
contains  scattered  transparent  vesicles,  and  a  brownish-green  granular  mass ; 
a  lai^e  bright  spot  or  nucleus  is  also  visible.     Self-division  not  observed. 


Chjbtoolena  volvocina. — Ovate,  with 
brownish-ffreen  granules,  and  a  red  eve ; 
between  me  lonca  and  the  soft  body  a 
beaatiM  red  ring  is  visible  in  live  spe- 
cimens (x.  216, 218).    Amongst  Confer- 


V88  at  Hampstead  and  Hackney.  1-1160". 
C.  eaudata*  —  Hispid,  ovate,  with  a 
short  tail ;  granules  green ;  ocdlus  dear 
red ;  oral  margin  urceolate  and  dentate. 
1-864".    Berlm. 


Genus  PERIDINIUM. — Lorica  membranous,  with  a  transverse  ciliated 
zone ;  no  eye.  The  locomotive  organs  are  a  filament  and  the  zone  of  cilia. 
In  P.  Puhnsculus  and  P.  dnctum,  indigo  and  carmine  are  received,  and  de- 
monstrate the  formation  of  vacuoles,  which  in  P.  acuminatvmy  P.  fuhmm^ 
and  P.  comutum  are  visible  without  having  recourse  to  coloured  food.  The 
oral  aperture  is  found  in  a  hollow  near  the  centre,  as  in  Bursaria,  The 
granules  are  generally  of  a  brown  or  yellowish -brown  colour,  thoogh  some- 
times green  or  even  almost  colourless.  In  P.  Tripos  and  P.  Fusus  an 
oval  nucleus  is  visible.  Self-division  is  longitudinal  in  P.  Ptdvisculus  and 
P.  fuscum ;  and,  according  to  some  observers,  transverse  in  P.  Fiisns  and 
P.  Tripos. 

The  structural  peculiarities  are  sufficiently  described  in  the  chapter  on 
Feridinisea  (p.  271).  The  existence  of  a  mouth  and  the  entrance  of  food  are 
still  matters  of.  doubt.  A  nucleus  is  probably  present  in  all ;  and  the  same 
may  be  said  of  the  flabellum,  which  subsequent  observers  have  distinetly 
found  in  cases  where  it  eluded  the  observation  of  Ehrenberg.  "  Foesil  Feri- 
dinia,''  says  Perty,  **  are  not  found  in  recent  geological  formations,  but  only 
in  the  chalk  beds  of  the  secondary  strata,  in  which  they  occur  with  Jon- 
thidia  (Ehr.)  and  Pyandiculoe,^^ 

a.  Peridinia  mthout  horns, — PERiniiauM. 


Peridinium  dnctum  (  VartieeUa  cinctOf 
M.). — Nearly  globular,  or  slightly  three- 
lobed  and  smooth,  with  a  zone  of  cilia ; 
not  luminous.  It  swims  slowly,  with  a 
vacillating  and  rolling  motion.  Amongst 
Confervse.     1-670." 

Instead  of  the  red  zone  noted  by  Ehren- 
berg, there  may  be  only  a  single  speck, 
or  even  it  may  oe  absent. 

P.  I^visculus. — Small,  of  a  brown  or 
greenish-yellow  colour,  and  not  lumi- 
nous ;  almost  spherical,  or  slightly  three- 
lobed;  a  fine  filament  2^  hues  longer 
than  the  body  may  be  observed ;  niune- 
rous  vacuoles  produced  by  feeding  on  in- 
digo. Amongst  Confervse,  with  Chlamy^ 
domonasPulvisculus.  1-2300"  to  1-1160". 

Perty  has  met  with  specimens  having 
a  red  speck. 

P.  fuscum, — Is  not  luminous:  oval, 
slightly  compressed  and  pointed  ante- 
riorly.    1-430"  to  1-280". 

P.  Monas. — Very  small,  obtuse,  with- 
out horns;  remarkably  social.  Biam. 
1-1728".    In  the  Baltic. 

Perty  suggests  that  this  is  merely  a 


young  stage  of  P.  {Ceratium)  cortmtmiL 
P.  Plamdum  (Per^). — Rounded,  broad, 
rather  compressed;  the  two  aegmentB 
equaL  Colour  brown,  usually  a  deen  tint 
Under  surface  rather  concave.  l-7w'  to 
1-430".  Its  brown  contents  contnct 
after  death  into  a  central  Imnp.  A  red 
speck  is  often  seen  in  the  posterior  por- 
tion. It  is  distin^shed  from  Glenodi^ 
mum  cinctum  by  its  greater  width  and 
deeper  colour. 

P.  Corpusculum  (Perty). — Small ;  seg- 
ments very  uneq  ual,  posterior  one  very 
short  and  dert.  Granular  contents 
brownish-yellow,  or  red  or  green.  An 
alteration  in  figure  has  been  seen  to 
ensue  after  death.  1-1120".  Amongst 
MarchanUa  pdymorpha, 

P.  monadicum  (Perty). — Very  small; 
segments  unequal,  the  postenor  one 
much  smaller;  with  red  stigma  in  tibe 
line  of  constriction,  more  seMom  in  tlie 
hinder  half.  Molecules  pale  green.  It 
is  the  smallest  known  examme  in  this 
family.  1-1160''.  In  a  pond  on  Mount 
St  Qothard  and  at  Bern. 
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P.  M&tfrr/iiNfm  (AUman).  Neftrly  sphe- 
rical; colour  reddiflh-lnrown ;  nudeua 
well-defined,  centraL  A  aecondaiy  fur- 
row aprings  vertically  from  the  annular 
one,  and  terminates  at  the  pole.  A 
stigma  usually  present  at  the  polar  ex- 
tremity of  the  Yertical  furrow.    Swims 

b.  Peridinia  wUh  horns, 

P.  (Cbbatium)  (P)  pyrcmhorum, — 
Ovate,  spherical,  with  two  fittle  elevated 
points  at  its  anterior  extremity.  It  is 
very  delicately  areolate  and  sranular. 
Foanl  in  the  flints  of  the  chalk  forma^ 
tionatBeriin.    1-570"  to  1-480". 

P.  (Cmuttum)  (P)2>fifi^^fi*e.— Ovate, 
^herical :  with  a  bttle  stiff  point  near 
tne  middle  laterally.  Fossil  in  the  flints 
ofDelitzsch.  1-480"  to  1-280".  These 
two  supposed  fossil  Peridinia  and  the 
Chaiofyphla  (?)  nyriUB  appear  rather  to 
be  sporongia  of  a4;». 

P.  (CKBATiUH)actim«rta^tim. — ^Brown- 
ish-yellow; ovate,  spherical,  slightly 
three-lobed,  and  havrng  a  little  pro- 
cess at  the  Dosterior  end.  ^^I  observed 
this  species,"  says  £3urenben[,  "  in  phos- 
phorescent sea-water  from  £el,  ana  it  is 
very  probable  that  the  li^ht  proceeded 
from  this  animalcule.  It  is  the  smaUest 
phoephoreeoent  sea  animalcule  that  is 
hiown."    1-eOO"  to  1-570". 

P.  (Cxbaitum)  eormttum  (Burtaria 
HirundmeUafM,;  Ceraiiwn  HinmdineUa, 
Duj.  and  Perty).— Greenish :  not  lumi- 
nous; rhomboidal  and  rough,  with  one, 
two,  or  three  straight  hom-uke  processes 
in  front,  and  a  single  one  (often  curved) 
poaterioriy.    1-280"  to  1-140". 

Perty  asserts  that  Ehrenberg  has  re- 
versed this  animalcule  in  his  account 
and  illustrations,  as  he  has  likewise  done 
in  other  species  of  this  genus ;  for  it  is 
the  single  horn  which  advances  fore- 
moet,  and  indicates  the  anterior  extre- 
mity. The  same  author,  moreover, 
states  that  in  the  majori^  of  speci- 
mena  one  or  more  red  specks  are  to  be 
tend,  generally  in  die  posterior  hali^ 
near  the  middle  line  between  the  large 
and  smidl  homa. 

P.  (CKSLATnJM)iymo§  (Cercaria  Tripo$, 
M.). — ^Yellow,  brilliantly  phosphores- 
cent ;  uioeolate,  faioadly  concave,  smooth, 
and  tfaiee-homed ;  the  two  frontal  horns 
vaj  long  and  recurved ;.  the  third,  or  pos- 
tenor  one,  straight.  Ehrenberg  says, 
^  The  power  of  tiiis  creature  to  evolve 
Hgbt  is  placed  beyond  all  doubt,  as  I  took 

S)  nine  phosphorescent  drops,  one  after 
e  other,  fhmi  the  water,  and  I  saw  in 
each  nothing  else  besides  a  single  animal- 


actively  by  the  aid  of  its  flabeUum,  and 
of  cilia  generally  disposed  on  tiie  sumce, 
and  not  confined  to  the  furrows  as  Ehr- 
enberg represents.  Occurs  in  a  quies- 
cent state.  1-1000"  to  1-600".  Ponds, 
Phoenix  Park,  Dublin. 

. — Svhgenus  Cebatiux. 

cule  of  this  suedes."  It  is  rigid,  and  swims 
with  avadiiating  rolling  motion  upon 
the  lon^tudinal  axis.  The  lengdi  of  the 
horns  is  not  constant^  sometimes  being 
scarcely  so  long  as  the  body,  at  other 
times  much  longer,  z.  219,  220,  repre- 
sent an  under  and  side  view.  In  the  sea, 
nearCopenhagenandEieL  1-140";  with- 
out the  horns,  1-430". 

P.  (Cbbatium)  MuiuMs,  —  Colour 
yellow;  intensely  phosphorescent  Lo- 
rica  ovate  and  smooth,  with  three  short, 
straight  horns,  as  shown  in  fiff.  221.  A 
flagellum  is  not  visible.  In  phosphores- 
cent sea^water.  1-570".  Named  after 
Dr.  Michaelis,  its  discoverer. 

P.  (Cbbatium)  Fuwm  (x.  222, 223).— 
Yellow,  intensely  phosphorescent;  ovate, 
oblonff,  and  smooth.  The  two  horns  are 
straight  and  extended  in  opposite  direc- 
tions, producing  a  fusiform  ngure.  Ehr- 
enberg stetes  uiat  he  has  seen  the  cilia 
of  the  furrowed  zone,  and  the  single  flla* 
ment  when*  at  rest;  also  an  opening  or 
mouth  in  the  lorica,  near  the  insertion 
of  the  filament  With  horns,  1-120"  to 
1-90". 

P.  (Cbbatium)  Furca, — ^Yellow,  very 
phosphorescent;  urceolate,  with  three 
noms ;  two  in  front  i^ort,  in  the  form  of 
a  forii;  one  behind  longer.  In  phos- 
phorescent water,  at  EieL    l-l^O'C 

P.  (Cbbatium)  divergent, — Yellow; 
cordate-ovate,  smooth ;  with  two  diver- 
sent  frontal  acute  spines,  dentete  at  the 
base ;  posterior  portion  attenuated,  look- 
ing as  if  shortly  homed.  Diam.  1-576". 
In  the  fialtic 

P.  (Cbbatium) ifMicrocsros. — ^Yellow; 
habit  of  P.  !MpoB,  but  more  slender,  and 
with  longer  boms,  which  are  four  times 
the  len^  of  the  body.  1-216".  In 
the  Baltic. 

P.  IV-Minw.— YeUow,  with  the  habit 
of  P,ilavumy  P,  diveraenSf  and  of  P.  iff- 
ehaeha',  saiiice  granular,  with  three  acute 
firantal  horns,  and  its  posterior  portion 
attenuate.    1-576".    In  the  Baltic 

P.  (CxBATiouynuMeroeerae  (Schrank) 
or  C.  kmgieome  (Perty)  is  mentioned  by 
Perty,  and  does  not  appear  quite  equiva- 
lent to  C.  macroceroSf  to  which  ite  name 
is  too  much  alike.  It  is  the  largest  of 
2p 
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P.  depressum  (Bailey). — Lorica  ob- 
liquely depreesed,  with  one  large  conical 
poeterior  process,  and  two  smaller  conical 
mntal  processes;  tiie  latter  separated 
by  a  deep  notch.  SurfiEu^  granular  and 
reticulated.  Both  this  and  the  preceding 
species,  which  were  found  together,  were 
doubtless  furnished  with  a  proDosda 
when  living,  and,  like  other  marine 
species  of  this  Kenus.  were  probably 
pnoephorescent.  The  torm  of  P.  depn^ 
twm  18  closely  analogous  to  the  embiyo 
of  Nereis,  whose  curious  changes  were 
studied  by  Lov^n  (and  referred  to  in 
Prof  Owen's  Lectures  on  the  Inverte- 
brata,  ed.  1843,  p.  147).  This  account  of 
Nereis,  and  particularly  the  comparison 
of  Prof.  Owen's  figure  with  ^e  /WkA- 
mum  depresmm  (xxxi.  21,  22),  led  Dr. 
Bailey  to  suspect  that  at  least  a  portion 
of  tiie  forms  now  included  in  the  genus 
Peridxnium  might  be  imperfectly-deve- 
loped or  embryonic  Anneuda. 


all  the  Peridiniiea,  and  (says  Perty)  not 
a  variety  of  P.  comutumj  as  Ehrenberg 
thought:  the  lorica  is  rather  concave 
below,  and  less  bent  than  in  that  species, 
ihnpty  lorices  are  clearly  areolate,  and 
the  areolee  round.  A  red  stiffma  is  often 
seen  in  the  posterior  half.  The  anterior 
supports  a  single  horn,  and  there  are 
three  behind.     1-120"  to  1-96." 

P.  arcticum  (Ehr.)  resembles  P.  ma- 
croceros,  but  is  stronger,  and  has  its 
large  horns  all  curved  and  three  or  four 
times  longer  than  the  body;  surface 
rough,  wi&  little  raised  puncta  or  spines. 
Length  of  body,  1-48'",  of  entire  oeing 
1-18'".  It  is  pnosphorescenl^  and  found 
at  Elingston  Bay,  Newfoundland^  with 
P.  Furca,  P.  Tridens,  and  P.  divergens, 

P.  Umffipea  (Bailey). — Body  triangular, 
rough;  angles  produced  into  very  long 
ciliated  processes,  of  which  the  two 
frontal  ones  are  longest  Body  crossed 
obHauely  by  a  ciliated  groove  (xxxL  23). 
St.  Ueorge^  Bank,  New  York. 

Genus  GLENODINIUM. — Peridinia  with  motile  cilia  placed  in  a  trans- 
verse furrow  or  zone,  and  provided  with  an  eye.  The  organization  is  much 
the  same,  in  other  respects,  as  that  of  the  preceding  genus.  Li  Q,  cinctvm  a 
flabellum  is  seen  to  emanate  from  the  middle,  and  to  vibrate  like  the  wreath 
of  cilia.  It  is  also  pfobably  present  in  the  other  species,  though  hitherto 
unobserved.  The  lorica  is  combustible.  Vacuoles  and  fine  granules  are 
visible  in  all  the  species ;  the  former  are  very  distinct  in  O.  apieiUatimi.  The 
red  speck  is  in  the  form  of  an  elongated  or  horseshoe-shaped  spot,  and 
constitutes  the  essential  character  of  the  genus.  Longitudinal  self-division 
has  been  observed  only  in  O,  cinctum. 

Although  this  genus  is  rejected  by  Dujardin  as  indistinguishable  from 
Peridinium,  yet  Perty  retains  it,  making  its  point  of  separation  from  the 
latter  genus — ^which,  by  the  way,  he  prefers  to  call  GeraHum — oonsiBt  in  the 
absence  of  horns  to  the  lorica.  The  red  speck  he  ignores,  equally  with  Du- 
jardin, as  a  distinctive  character.  In  this  way  Perty's  Olenodinium^Peri' 
dinium,  without  horns,  of  Ehr. 

G.(Pendmkim)Ai>mum(^erty\—TlM 
sculpturing  of  tne  surface  is  indiatinct ; 
and  very  frequently  there  are,  alternately, 
coloured  masses  of  sranules  and  hyahne 
spaces  around  the  oorder  of  the  lorica, 
producing  a  notched  appearance.  1-430". 
It  is  probabl^r  only  an  Alpine  variety  <d 
O,  tabulatwn,  in  wnich  the  lorica  has'not 
attained  its  perfect  structure.  On.  Mount 
St.  Gothard,  and  in  Lake  Lugano. 

G.  cyncukUum,  —  Oval ;  TeUowish- 
ffieen;  lorica  smooth,  but  with  }uspd 
furrows  on  the  mar^rin^  as  shown  m 
X  226.  The  stigma  is  oblong,  and  ex- 
tremities  obtuse.  Amongst  Conferne. 
1-670"  to  1-480"- 


Glenodinium  cinetum  as  Peridimum 
ocfdatum  (Duj.).— -OvaL  or  nearly  sphe- 
rical ;  smooth ;  stigma  large,  semi-lunar, 
and  transverse.  In  firesh  water,  amongst 
OsciUatorisd.  1-670".  It  is  seen  both 
with  and  without  a  red  specL 

G.  tabulaium. — Oval;  ^ellowish-ffreen; 
lorica  granular  and  reticulate  with  ele- 
vated nnes,  but  not  spinous;  truncate 
and  denticiilate  postenorly,  and  biden- 
tate  anteriorly.  1-670"  to  1-430". 
•  ''The  colour"  says  Perty,  "is  mostly 
brown,  especially  in  mature  specimens^ 
and  more  rarely  brownish-green  or  green. 
A  red  stigma  is  but  rarely  present." 


Digitized  by  VjOOQ IC 


OF  THE  YOBXIGBIUNA.  579 

FAMILY  in.— VORTICELLINA.    (Part  I.,  p.  277  et  seq.) 
(Plates  XXVn.,  XXIX.,  XXX.) 

Polygastiica  with  an  alimentaiy  canal,  the  extremities  of  which  are  distinct, 
though  they  approximate  in  consequence  of  its  cnrvatore  (Anopisthia).  They 
have  no  lorica.  A  few  are  solitary ;  but  the  majority  are  congregated  on 
pedicles,  which  often  assume  elegant  ramose  forms,  like  little  trees,  an  ani- 
malcule surmounting  and  terminating  each  branch  or  pedicle.  These  arbo- 
rescent clusters  are  the  result  of  imperfect  self-division. 

The  animal  organization  of  this  family  is  very  distinct.  The  entire  sur- 
&ce  of  Stentor  is  covered  with  vibratile  dlia ;  but  in  other  genera  they  are 
mostly  disposed  in  the  form  of  a  wreath  around  the  head.  Li  some  genera, 
as  in  VorticeUa,  Carehesivmy  and  OpercuLaria^  longitudinal  and  transverse 
muscles  are  seen;  the  mouth  and  discharging  opening,  both  lying  in  the 
same  lateral  cavity,  have  been  demonstrated  in  all.  Self-division  takes 
place  in  all  the  genera,  but  is  least  frequently  observed  in  Zoothamnium : 
when  it  is  imperfect,  not  affecting  the  pedicle,  it  gives  rise  to  branching 
forms.  Gemmation  is  also  frequent  in  most  genera.  Erom  their  great  irrita- 
bility when  approached,  may  be  presumed  the  existence  of  a  system  of  sensa- 
tion. Colouring  matter  is  received  by  all  the  species ;  eye-specks  are  wanting. 

This  fiEtmily  affords  (in  form  indeed  rather  than  in  structural  homologies)  a 
connecting  link  between  the  Ciliata  (Polygastrica)  and  Rotatoria. 

The  following  curious  particulars  are  appended  by  Ehrenberg,  who  re- 
garded them  as  indicative  of  an  act  of  transformation : — 

"  The  VarHeeUa  developes  a  pedicle ;  divides  (casts  its  exuvia) ;  developes 
posterior  dlia ;  loosens  itself  from  the  pedicle,  rambles  about ;  draws  in 
(after  shedding  a  second  exuvia)  the  posterior  dlia,  sheds  them,  and  firmly 
attaches  itself,  preparatory  to  putting  forth  another  stalk.  This  cyde  of 
phaenomena  is  repeated  again  and  again,  and  possesses  high  physiological 
interest ;  it  is  a  returning  drde  of  transformations — ^a  return  to  an  early 
condition,  similar  to  that  of  a  butterfly,  if  it  suddenly  lost  its  wings  and  an- 
tennae, and  again  became  a  caterpillar,  in  order  once  more  to  return  to  the 
state  of  pupa  and  butterfly — or  to  that  of  an  old  man  becoming  a  child,  in 
order  to  run  again  his  course  of  life  anew.''  (See  Part  I.  p.  277  et  seq,,  and 
p.  586.) 

The  YorticeUina  live  for  the  most  part  in  sweet  water,  fresh  or  marine, 
attached  to  plants  or  shells,  to  Crustacea,  to  the  larvse  of  insects,  ^.  There 
are,  however,  a  few  VortieeUcB  and  Scyphidece  produced  in  infusions,  and  even 
in  fetid  ones. 

Tins  account  of  the  organization  of  YorticeUina  from  Ehrenberg  requires 
considerable  alterations  and  corrections  from  the  present  state  of  our  know- 
ledge of  these  beings.  In  Part  I.  (p.  277),  thdr  organization  has  been  largely 
cimsidered ;  yet  a  few  notes  here  may  not  be  misplaced  Any  definition  of  the 
characters  of  the  group  of  genera  comprehended  in  this  family  by  Ehrenbeig 
would  be  unsatisfactory,  inasmuch  as  some  forms  are  induded  which  have 
no  suffident  affinity.  Ehrenberg  represents  the  YorticeUina  as  having  a 
polygastric  alimentary  canal  so  curved  that  its  two  ends  are  conterminous. 
Now  the  supposed  stomachs,  as  displayed  by  using  coloured  food,  were  merdy 
vacuoles ;  and  no  continuous  alimentary  canal  penetrates  the  interior,  as  sup- 
posed, biU  only  a  digestive  tube  or  oesophagus  of  variable  length,  terminating 
abruptly  in  the  interior  by  an  open  mouth.  The  ciliary  apparatus  of  the  true 
YorticeUina  is  more  complex  tiuin  appeared  to  Ehrenberg, — ^the  head  of  the 
animalculee  being  terminated  by  a  peristom  or  free  edge,  oftentimes  thickened 
and  everted,  beyond  which  a  caliated  disc  supported  on  a  very  retractile  and 
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highly  sensitive  pedicle  can  he  protroded.  The  portion  of  the  ciliaiy  spiral 
outside  the  vestibulum  ia  not  of  equal  length  in  all  Yortioellina :  in  manj, 
e,  g,  VorticeUa,  Carchesium,  Zoothamnium,  Scyphidia,  Trichodina,  some  spedeft 
of  EpistylU,  <fec.,  it  describes  scarcely  more  than  one  circuit  round  the  disc, 
whilst  in  Opercularia  artieuUUa  and  Epistylis  Jlavieans  it  runs  round  the  disc 
three  times ;  in  other  species  intermediate  lengths  occur.  The  ciliary  wreath, 
moreoyer,  consists  of  a  doable  row  of  cilia :  those  of  the  outer  one  are  usually 
somewhat  shorter  than  those  of  the  inner^  and  though  inserted  upon  the 
margin  nearly  in  the  same  line  as  the  others,  yet  they  are  set  at  a  different 
angle,  and  apparently  far  more  strongly  bent  outwards.  In  the  yestibHlam 
and  oesophagus  the  cilia  appear  to  stand  in  a  single  row.  The  peristom  usually 
bears  no  dlia.  There  is  no  sufficient  proof  of  the  existence  of  musdeB  of  the 
same  type  as  those  of  the  higher  classes  of  animals.  The  contractile  Yesicle 
is  single  and  circular ;  the  nucleus  sometimes  oval,  but  often  elongated  and 
band-like.  Besides  fission  and  gemmation,  true  propagation  by  living  germs 
or  embryos,  developed  in  the  course  of  more  or  less  complete  transformaticms, 
affords  an  additional  means  of  perpetuating  and  extending  the  several  species. 
The  genera  are  distributed  as  follows : — 

f  [  Body  ooTered  with  dlia Stentor. 

Tail  absent i 

[  Body  amooth,  oilia  anterior Triohodina. 

^Tail  innesent   Urocenlnmi. 


Bo^  without  ftalk 


Body  ttalked— often  ^ 
braacdiad  like  a  tree 


/-...-    ..,       r  Simple Yortioella. 


Form  of  stalked 
bodies  similar 


Stalk  flexible,     P 
ll 


deflection  spiral  [Branched       Garoheeium. 

Stalk  inflexible  Epistylia. 

Bodies    of   dif.fS**"^^""^^'^ Opercularia. 

ferent  form  ...  |  g^^  ^^^^  deflection  spiral... Zoothamnium. 

Of  the  several  genera  named  and  distinguished  by  Ehrenb^rg,  two  only 
are  accepted  by  Dujardin^  viz.  Epistylisy  witii  a  rigid  pedicle,  and  Variiedlaj 
with  a  contractile  stalk,  simple  or  branched.  He  places  0artihe9i%un  vKth  the 
latter,  maintaining  that  a  generic  character  is  not  to  be  found  in  the  simple 
or  branched  condition  of  the  stalk  alone,  when  the  bodies  are  similar.  Mcnce- 
over,  he  failed  to  meet  with  animalcules  having  the  characters  assigned  to  tiie 
genera  Opercularia  and  Zoothamnivm  by  Ehrenberg.  A  third  genus,  under 
the  name  of  Bcyphidia,  is  established  by  him  for  the  sessile  species ;  whilst 
a  fourth,  Vaginicola,  comprises  all  those  species  invested  with  a  membranous 
sheath,  and  corresponds,  in  its  constituent  species,  to  the  family  Ophzydina 
(Ehr.)  after  the  exclusion  of  Ophrydium* 

Perty  makes  a  different  distribution  of  the  Yortioellina  to  that  proposed 
by  Ehrenberg.  Like  Dujardin,  he  rejects  the  genera  Stentor  and  Uroeentrum, 
and  transfers  them  to  a  &mily  Urceolarina.  On  the  other  hand,  he  adds 
Seyphidia  of  Dujardin  to  the  true  Yortioellina,  and  makes  no  mention  of 
Carcheemm,  Lachmann  is  another  writer  who  rejects  Uroeenimm  from  the 
Yortioellina.  Stein  points  out  various  defects  in  Ehrenberg's  grouping  of 
Yortioellina ;  and  whilst  he  would,  on  the  one  hand,  detach  firom  it  Stentor, 
Trichodina,  and  Urocentrum,  he  would,  on  the  other,  assodate  with  it  the 
several  sheathed  genera  which  form  the  fEimily  Ophrydina,  vii.  Ojf^^cUmm, 
Vaginicola,  Tintinnus,  and  Coihumia.  Apart  from  tiiese  changes  in  the  distri- 
bution of  admitted  genera,  he  adds  two  new  ones,  Lagenophrys  and  Spirochtma^ 
remarking  of  the  former,  that,  in  its  fr'ee  condition,  it  constitutes  a  transi- 
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tional  form  between  the  radiated  type  of  YoddodHna  and  the  bilateral  one  of 
Ozytiiehina  and  Enplotina.  Lastly,  Tiafibmann  statee  that  Trichodina  and 
Uroemtrum  are  not  Yortioellina,  and  makes  Stmtor  the  repfesentatiTe  of  a 
new  fftmily,  which  he  calls  BtcnitorinaB.  In  this  proposed  new  family  he 
indodes  besides  Stentar,  a  new  genns  (Cheetoipira),  Spiroitomtmf  and  a 
fourth  genns  which  he  has  merely  referred  to  without  naming  or  de- 
scribing it.  In  the  above  plans  of  classification  there  is  this  in  oonmum, 
that  the  genera  Stmior,  Trichodina,  and  Uroeenirum  are  excluded  from 
among  the  Yorticellina,  an  exelosion  warranted  by  their  difBdrence  of  organ- 
ization and  general  characters.  At  the  same  time  we  are  of  opinion  that 
the  association  of  the  Ophrydina  with  the  Yortioellina  is  not  correct  in  a 
systematic  p<Hnt  of  view,  the  existence  oi  external  sheaths  being  a  well- 
maiked  and  sufficiently  distinotiye  character,  althou^  the  homology  in  organ- 
isation is  otherwise,  in  every  essential  point,  very  dose  and  strildng.  Pro- 
bably Trichodina  and  Urocentrutn  diould  constitute  an  allied  fimuly  or  a 
sub-fiEunily  of  Yorticellina ;  Stentor  the  type  of  a  second  family ;  whilst  the 
remainder  of  Ehrenbei^s  group,  viz.  VorticeHa,  Carehenutn,  EpUtyliSy  Oper^ 
eidaria,  and  Zoothamnium,  might  be  called  the  true  Yortioellma.  The  new 
genus  8piroehona,  again^  stands  apart  by  so  many  peculiarities  that  it  cannot 
be  included  within  either  of  the  groups  proposed,  and  must  be  regarded  as 
tiie  (at  present)  solitary  type  of  a  new  &niily,  having  the  internal  organizaticm 
of  Yorticellina,  but  destitute  of  their  peculiar  ciliated  head.  In  framing  his 
generic  and  specific  distinctions,  Ehrenberg  made  use  of  characters  of  no  real 
value, — such,  for  instance,  as  the  occurrence  of  similar  and  dissimilar  bodies 
(zooids)  on  branching  stans  otherwise  alike,  the  height  of  the  stem,  the  thick- 
nesB  of  its  branches,  and  the  dimensions  of  the  attached  animalcules. 

The  fiunily  Urceolarina  (Buj.)  is  thus  characterized: — '<  Animals  variable 
in  form,  changing  from  a  tnunpet-  or  a  hemispherical  to  a  globular  form ; 
ciliated  throughout,  with  a  fringe  of  much  stronger  cilia  along  the  upper  and 
anterior  margin  of  the  body,  continued  as  a  spiral  coil  into  the  oral  cavity, 
wMdi  is  on  tiie  same  border.  They  present  tiie  ordinary  swimming  move- 
ment, and  can  for  a  short  time  arrest  their  progress  by  fixing  themselves  by 
their  posterior  extremity  to  external  objects.''  ''This  family,''  observes 
Dajar^,  "  connects  tiie  Yorticellina  with  the  Bursarina,  and  indudes  the 
genera  Stentor,  Ureeolaria  {Trichodina,  Ehr.),  Ophrydiwrn,  and  Urocentrwm,^^ 
The  last-named  genus  is  treated  as  very  doubtful.  As  already  seen,  Perty 
adopts  this  family  Urceolarina,  but  modifies  it  by  rejecting  Ophrydium,  and 
ad^ng  Spirostomum,         

Genus  STENTOR  (XXYHI.  16, 17 ;  XXIX.  8).— Animal  without  pedide, 
fbee,  or  attached  by  the  posterior  extremity  of  the  body,  which  is  conical, 
although  it  admits  of  very  considerable  modifications  of  form ;  it  is  entirely 
covered  with  dHa ;  a  wreath  of  larger  ones  surmounts  the  head.  Ehrenberg 
considered  the  longitudinal  strisB  along  the  body,  and  the  circular  ones  at  the 
anterior  part,  muscular  fibres.  The  anterior  ciliary  wreath  is  coiled  in  a 
quLral  manner  about  the  head ;  in  some  species  a  row  of  longer  cilia  extends 
from  the  mouth,  in  a  fringe-like  manner,  to  the  middle  of  the  body.  The 
Btentors  increase  by  self-dirision,  which  is  dther  longitudinal  or  oblique. 
The  nndeus  is  band-like,  moniliform,  or  round.  The  contractile  veside  ii 
large,  round,  and  placed  on  a  level  with  the  ciliary  wreath,  close  to  the 
oesophagus ;  it  gives  off,  above,  an  annular  branch,  which  surrounds  the  head 
of  the  animalcule  ju9t  beneath  the  fringe  of  cilia,  and  below,  a  straight 
branch  extending  to  the  posterior  extremity  of  the  animalcule  (XXIX.  7). 
The  anus  may  often  be  perceived  for  a  considerable  time  both  before  and 
after  the  diseharge  of  matters.     It  is  situated  on  the  back,  dose  beneath  the 
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dliaiy  circle.  The  Stentors  are  among  the  largest  of  the  Inftisoria^  and  all 
the  species  are  visible  to  the  unassisted  sight.  They  are  best  examined 
between  the  plates  of  a  large  live-box,  a  portion  of  the  decayed  stem  or  leaf 
on  which  they  are  found  bmng  put  in  with  them. 

"  It  is,"  says  M.  Dujardin, "  in  the  Stentors  where  we  can  view  the  several 
supposed  internal  organs  isolately,  that  new  observations  will  make  known 
their  real  nature." 

They  are  exclusively  found  in  fresh  standing  water,  or  between  plants 
where  the  water  is  stUL  Some  of  them  are  colourless,  others  green,  black, 
or  clear  blue. 

This  genus  gives  name  to  the  family  Stentorina  proposed  by  Tiichmann 
and  others,  and,  in  the  classification  of  Dujardin  and  Perty,  is  a  member  of 
the  family  Urceolarina  (p.  581). 


Stbntob  MiUeri  (xxvm.  16, 17).— 
This  is  the  "  white  funnel-like  polpye  " 
diBcovered  by  Trembleyj  it  ia  Iturge,  the 
crown  or  wreath  of  cilia  interrupted^  and 
the  lateral  crest  or  Mnge  indistmct; 
when  outstretched  it  is  trumpet-shaped, 
but  in  its  contracted  state  is  ovoid ;  and 
during  division,  or  when  the  water 
around  it  evaporates,  a  muco-gelatinous 
mass  is  thrown  out  as  an  external  cover- 
ing. When  several  are  swimming  in  a 
glass  vessel,  they  will  gradually  congre- 
gate, and  select  some  particular  spot, 
and  then  attach  themselves,  evincing,  as 
Ehrenberff  imagined,  not  onl3r  a  degree  of 
sociality,  but  of  mental  activity.  These 
animalcules  receive  coloured  food  very 
readily ;  nucleus  moniliform.  Upon 
LemnsB  and  other  water-plants,  even 
under  ice.  Size,  stretched  out,  1-20"  j 
contracted,  1-120". 

Ehrenberg  referred  to  the  exudation  of 
a  mudlaginoufl  coat  as  tiie  prelude  to  the 
death  of  the  Stentor;  but,  as  Cohn  has 
shown  {ZeiUckr,  Band  iii.  p.  263),  it 
takes  place  in  perfectly  healthy  and  uve- 
ly  ammals,  and  is  an  instance  of  the 
widely-pervading  process  of  encysting. 
This  observer,  inde^^  tells  us  that,  when 
the  conditions  of  existence  become  un- 
£Etvourable,  animalcules  previously  at- 
tached by  their  tapering  posterior  ex- 
tremis, as  by  a  sucker  resembling  that 
of  a  leech,  wee  tiiemselves  from  their 
capsular  envelope  and  swim  away,  dis- 
playing then  a  brush  of  cilia  at  the  end 
of  the  tail.  The  notion  of  a  sentiment 
of  sociality  and  of  mental  activity,  sur- 
mised by  the  Berlin  microscopist^  de- 
mands the  exercise  of  a  powerM  imagi- 
nation to  realize  it.  Dr.  Wright  most 
kindly  notices,  in  a  letter  to  us,  that 
Stentor  MuUeri  alwap  secretes  a  gela- 
tinous case  into  which  it  can  retract. 
As  the  zooids  divide  they  form  a  gela- 
tinous mass,  which  is  attached  to  weeds 


and  often  to  the  surface  of  the  water, 
from  which  10  or  15  Stentors  aggregated 
together  may  sometimes  be  seenhanging 
with  their  heads  downwards.  The  ex- 
ternal gelatinous  sheath  in  StefUor  and 
other  VorticelUna  and  Ophrydina,  Dr. 
Wright  proposes  to  call  the  "coUeto- 
derm,''  as  the  homologue  of  the  gela- 
tinous matter  covering  the  polypidoms 
of  the  HydroidsB. 

S.  EceseUi  (x.  233,  234).— In  form, 
size,  and  crest,  this  species  resembles  the 
preceding,  but  is  of  a  more  distinct 
yellowish-white  colour.  The  nucleus  b 
long,  ribbon-shaped,  and  not  moniliform ; 
the  contractile  vesicle  (seen  at  *)  dicukr. 
Common  in  summer;  upon  decaying 
plants,  &c.,  in  standing  water.  1-140"; 
extended,  1-24" 

The  moniliform  intestine  represent^ 
by  Ehrenberg  was  very  probably  the  diain 
of  vesicular  dilatations  of  the  preenmed 
vascular  system  connected  with  the  con- 
tractile vesicle,  and  which  is  lai^gely  de- 
veloped in  the  Stentors,  on  one  aide  of 
the  body,  as  a  canal  extending  £rom  a 
circular  smus  around  the  headTjbujardin 
regarded  this  species  as  simply  a  variety 
of  S.  MiiUeri;  and  there  is  no  apprecia- 
ble character  truly  distinctive  between 
them. 

S.  earuleus  (xxix.  8)  resembles,  exte- 
riorly, the  two  preceding  species ;  but  its 
granules  are  blue,  nucleus  articulated  and 
chain-like  (moniliform).  It  is  trumpet- 
shaped  when  extended,  ovoid  when  con- 
tracted; white  or  semi-transparent,  ex- 
cept when  coloured  by  food.  The  latenl 
crest  and  frontal  wreath  are  continuous. 
When  kept  in  glass  vessels,  thev  of^ 
fix  themselves  to  the  sides  in  dusters. 
They  are  best  examined  when  placed  in 
a  large  live-box;  a  magfnifying  power 
of  100  diameters  is  sufficient  Amongst 
VaucheriiB.  1-480". 
Except  its  much  smaller  size,  there 
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seems  nothing  to  sufficiently  distingmsh 
it  from  the  preceding  spdcies;  for  the 
bluish  hue  of  the  granules  cannot  be 
admitted  as  a  characteristic.  Even  the 
difference  in  dimension  is  no  satisfactory 
indication  of  a  distinct  species ;  for  the 
gmall^  animalcule  may  be  but  a  younger 
qjwcimen  of  the  larger. 

S.  pofymarpkus  (xxix.  7)  resembles 
the  preceding  in  form.  Granules  of  a 
beautiful  green  colour;  nucleus  articu- 
lated and  chain-like;  lateral  crest  in- 
distinct; frontal  wreath  of  cilia  inter- 
Ripted.  This  species  will  not  receive 
inoigo  readily.  Transrerse  self-division 
obsOTed.  Upon  stones,  decayed  sticks, 
and  leares,  in  standing  water.  1-120"  to 
1-24". 

Toichmann  ^A.  Nl  JET.  1867,  xix.  p. 
225)  seems  to  mtimate  that  this  species 
is  eauivalent  to  &  IfuUeriand  &  I&B$elii 
Botn  in  this  species  and  in  S,  c€eruietis 
Eckhard  has  described  reproduction  by 
internal  germs  or  embryos.  Between  the 
cilia,  disposed  in  spiral  series,  sin^e  long 
hairs,  similar  to  those  of  many  Turbel- 
laria,  are  found,  according  to  the  testi- 
mony of  Lachmann. 


S.  ianmts. — ^Less  than  the  preceding; 
granules  yellowish-green ;  surmce  bright 
yellow  or  yermilion ;  nucleus  spherical ; 
lateral  crest  absent;  frontal  wreath  of 
cilia  interrupted.  Found  by  Ehrenberg 
upon  the  water-violet  (HotUmia  paktS" 
tris),     1-72". 

S.  niger  (VorHeella  mgra,  M.). — Small, 
of  a  dark  hrowniah-yellow  or  blackish 
colour;  ffranules  olive-coloured ;  nucleus 
spherical:  lateral  crest  iJ)sent;  frontal 
wreath  or  cilia  continuous.  This  species 
is  often  so  abundant  that  it  colours  liurge 
pools,  in  turfy  hollows^  of  a  dark  blacldsh 
nue,  resembling  an  mfrision  of  coffee. 
The  swimming  movement  of  this  species 
is  readily  seen  (as  in  the  others)  with 
the  naked  eye.     1-96". 

S.  eastaneus  (Wright).  —  A  species 
named  in  a  letter  to  us  by  Dr.  "Wright, 
of  which  the  only  particulars  eiven  are 
that  it  is  of  a  dark  chestnut  colour,  and 
that  it  selects  the  tops  of  the  stems  of 
Myriophyllum  as  its  home,  and  fflues  all 
the  young  leaflets  together  with  a  ball 
of  jelly,  within  which  a  crowd  of  zooids 
is  imbedded. 


Genns  TMCHODINA.— Vorticellina  destitute  both  of  tail  and  pedicle, 
distLngoished  from  the  preceding  genus  by  the  general  surface  of  the  body 
being  destitute  of  cilia.  They  possess  a  vibrating  wreath  of  cilia  anteriorly, 
on  one  side  of  which  is  a  simple,  not  spiral  oral  opening.  They  are  mostly 
disc-shaped  or  conical.  T,  Pediculus  has  the  posterior  end  abruptly  trun- 
cated like  the  front,  and  also  surrounded  with  a  wreath  of  curved  setae,  which 
it  empkys  when  crawling,  in  the  manner  of  feet.  In  T,  tentaculata  there  is  a 
kind  of  proboscis.  Coloured  food  is  received  by  T.  Pediculus  and  T,  GrandineUa. 
A  kidney-shaped  nucleus  is  seen  in  T.  Pediculus,  Many  species  live  parasitic 
on  freshwater  MoUusca,  or  Zoophytes ;  but  others  have  been  found  6*60  in 
sea-water. 

This  description  by  Ehrenberg  conveys  a  very  imperfect  conception  of  the 
real  structure  and  appearance  of  Trichodina.  The  following  account  and 
figures  frt»n  Stein  will,  however,  supply  its  deficiencies : — **  Hie  genus  Trtcho^ 
dina  nmsists  ci  naked  and  highly  contractile  animalcules,  subject  to  very  con- 
siderable variations  of  form  in  the  direction  of  the  long  axis.  Their  usual 
figure  is  that  of  a  truncated  cone,  much  and  suddenly  distended  posteriorly, 
and  surmounted  at  their  vdder  extremity  by  a  wreaili  of  dlia,  which  corre- 
sponds with  the  posterior  ciliary  wreath  in  other  VorticeUina.  The  other, 
abruptly  truncate  extremity  is  furnished  with  an  apparatus  of  hooks  (XXIX. 
15),  whereby  the  animal  can  attach  itself  to  other  bodies.  The  mouth  is 
drcnilar,  and  placed  on  one  side  of  the  body,  at  a  greater  or  less  distance  from 
the  anterior  extremity ;  it  is  frimished  with  a  special  zone  of  dlia  to  aid  in 
the  introduction  of  the  alimentaiy  particles."  (It  is,  however,  not  circular, 
but  a  spiral  fringe  of  cilia,  as  Dujanlin  stated.)  The  genus  Trichodina  (Ehr.) 
agrees  in  the  main  with  tfrceolaria  (Buj.). 

Of  the  several  species  enumerated  by  Ehrenberg,  Stein  asserts  that  two 
only  are  admissible,  that  the  other  three  are  foreign  to  the  genus,  and  very 
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inoompletely  obserred  beings.  Thus  T.  OrandineUa  and  T.  varax  appear  to 
be  merely  the  embryos,  or  otherwise  the  gemmsB,  of  Vortioellinay  whilst  T, 
Untaculata  is  imperfectly  known,  and  will  probably  always  remain  a  qoes- 
tionable  organism.  Further,  this  author  would  unite  Trichodina  with  Uroem- 
trwn  into  a  sub&mily  of  Yorticellina. 

Lachmann  {A,  N.  H.  1857,  xix.  p.  119)  agrees  with  Stein  in  limiting  the 
genus  to  the  two  species  T.  Fediadus  and  T.  Mitra,  and  in  rejecting  the 
rest  as  not  Yorticellina  at  all.  According  to  him,  Trichodina  Orandmella  and 
T.  vorax  are  ri^tly  referable  to  HaUeria  (Buj.). 


TRiCHonmA  teniacukUa  (x.  227).— 
Discoid,  destitute  of  the  wreath  of  cilia, 
but  with  a  fasciculus  of  vibratile  cilia, 
and  a  styliform  proboscis.    1-280". 

T.  F^fdieubis  (CvcUdium  Pedicidus,  M.) 
mcUrceolaHa  steOma  (Duj.)  (x.  22a-230; 
XTTT.  14, 16, 17). — ^Depressed,  urceolate, 
and  discoid,  with  a  wreath  of  vibratile 
cilia  anteriorly,  and  another  of  ^ort 
moveable  uncinate  cilia,  or  hooked  setss, 
posteriorly.  Ehrenberg remarks/'I have 
fed  this  species  many  times  with  indiffo. 
and  have  seen  numerous  stomachs  filfea 
with  the  blue  matter.  It  always  runs 
upon  the  back,  where  there  is  a  wreath 
en  24  to  28  mobile  hooks  (or  uncinate 
cilia),  and  has  the  mouth  and  vibrating 
wreath  of  48  to  64  cilia  directed  up- 
wards." It  appears  to  feed  upon  the 
little  nannies  or  the  bodv  of  the  Fresh- 
water Folype  (Hydra,  *  Microscopic  Ca- 
binet,' pi.  vu.)  nF%8. 228  and  229  are  side 
views,  attachea  to  a  portion  of  a  polype ; 
fig.  280  is  a  top  view).  1-670"  to  1-280". 

T.  PitdicuUia  (jxa,  14-17)  is  described 
in  much  detail  by  Stein  (Infimonsthieref 
p.  176).  "  It  has,"  he  writes,  "  a  turban- 
shapea  body ;  the  truncated  conical  an- 
terior segment  is  morphological  with  the 
rotary  organ  of  typical  VorticelHna,  and 
is  shorter  than  the  very  ventricose  and 
ezj^ded  posterior  segment,  firom  which 
it  IS  separated  by  a  deep  annular  con- 
striction or  fiuiow,  occupied  by  a  wreath 
of  vibratile  cilia  of  less  length  than  those 
forming  the  posterior  zone.  The  oral 
aperture  is  seated  in  this  furrow,  the  cilia 
of  which  are  active  in  impelling  food 
into  the  mouth.  The  posterior  ciliary 
zone  is  parallel*  with  the  one  in  front, 
just  described,  and  occupies  tibe  posterior 
surfisu^  of  the  hindmost  segment  of  the 
body,  near  to  the  line  of  attachment  of 
the  circlet  of  uncinij  as  can  be  best  seen 
when  the  aziimal  is  dead.  It  is  this  zcme 
which  principally  serves  for  locomotion. 
The  anterior  segment  can  be  retracted, 
and  even  vanish,  by  being  taken  up  into 
the  posterior,  when  the  figure  becomes 

Slindrical,  with  abruptly  truncate  ends, 
le  posterior  segment  also  contracts  it- 


self considerably,  and  in  so  doing  pre- 
sents several  annular  folds.  The  maigm 
of  the  truncated  extremity,  which  is 
much  smaller  than  a  section  made  through 
the  midiUe  of  the  posterior  segment,  is 
fringed  by  a  firm  cartilaginous  or  homy 
ring,  havmg  both  on  its  outer  and  inner 
face  a  series  of  undni,  placed  at  equal 
distances  from  each  other,  and  some- 
what constricted  behind  the  ori^  of 
each  pair.  The  inner  row  of  uncmi  lie 
in  the  same  plane  as  the  posterior  sur* 
figure;  but  the  external  row  are  strongly 
turned  outwards  and  backwards.  Besides 
these  is  a  structure  not  hitherto  described, 
consisting  of  an  annular,  transparent, 
elevated  rim  or  collar  onea  of  a  slight 
yellow  colour,  and  oi  a  homy  aspect, 
placed  around  the  outer  maigm  of  the 
corneous  ring,  above  the  base  of  the 
outer  series  of  uncini.  It  is  exteemely 
flexible,  directed  obliquely  outwards,  and 
marked  by  very  fine  lines.  The  circlet 
of  hooks  18  at  once  dissolved  by  acetic 
acid,  whilst  this  structure  remains ;  and, 
on  tne  other  hand,  the  whole  prehensile 
apparatus  disappears  when  the  animal 
is  put  into  alcohol."  The  sfaructnre  of 
IVtchodina,  as  now  unfolded  by  Stein, 
was  both  imperfectiy  and  erroneously 
conceived  by  Ehrenberff. 

The  long  diameter  of  the  largest  2W- 
chodina  PedietUus  Stein  met  with  was 
1-800";  the  transverse  diameter  was 
about  the  same.  Small  specimens  oc- 
curred of  only  half  the  sise,  but  complete 
in  all  tiie  details  of  organizatioxL 

T.  vorax,  —  Oblong,    cylindrical,    or 

Shtiy  conical;  anterior  part  convex, 
crowned  with  cilia;  the  back  ratiier 
attenuated  and  smooth.     1-670". 

This  and  the  next  species  are,  from 
their  dissimilarity  to  T.  iVd&tiiwt,  re- 
moved by  Dujardm  to  another  genus  he 
names  JUaUeria, — the  two  bein^  equiva- 
lent to  HaUeriaQrandindla,  which  again, 
in  Stein's  opinion,  is  the  embryo  of  an 
Acinetiform  phase  of  a  Vorticeaa. 

T.  Qrandindla  (M.).—Nearly  spherical; 

of  cilia  surrounds  the  truncal  fore  part 
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This  9fod<BB  is  HaUe  to  be  mistskai,  bj 
an  inexperienced  observer,  for  a  free  Fbr- 
ticeOa ;  its  tsue  distinguishing  character 
appears  to  be  its  open  wreaui  of  cilia, 
1-1600"  to  1-860". 

T.  MUra  (Siebold)  (xaax:  16).— An- 
terior segment  elongated,  cjlindricaL 
mock  longer  than  the  slightly  wider  ana 
more  di^oid  posterior  segment,  into 
which  it  graduallj  expends.  The  outer- 
most mamn  of  the  posterior  segment 
has  a  simUsr  wreath  of  cilia  to  that  of 
T.  Pedicuhis ;  but  the  prehensile  appa- 
latua  difEers  in  the  two  species.    In  2*. 


Mitra  the  imdnlatiiig  eartilaginoiis  ring 
is  not  anned  with  hooks,  but  has  aolj 
the  annular  memlmme,  precisely  like 
that  in  the  other  speaes,  except  that 
it  is  relatiyelj  smaller,  less  distinctly 
striped,  more  colourless  and  transparent, 
ana  therefore  more  readily  oyenooked. 
Between  tiie  two  segments  is  the  deep 
fdnow  in  which  the  mouth  is  place<( 
from  which  a  row  of  cilia  extends  to- 
wards each  end  at  right  angles  to  the 
posterior  ciliary  zone,  and  is  homologous 
with  the  anterior  wreath  of  cilia  A  I*. 
Fiedteuku, 


Genua  UBOCENTRUM  (X.  231,  232).— Free,  with  a  tail-like  style,  but 
no  pedide,  and  no  dlia,  except  a  wreath  anteriorly ;  oral  aperture  simple. 
Self-diyision  transyerse.  Ehrenberg  thinks  the  eyes,  which  Miiller  supposed 
he  had  seen,  were  most  probably  the  traces  of  cilia,  which  he  appears  to  haye 
oyerlooked« 


Ubocikntbum  TMh)  (Cerearia  Ik^bo, 
M.)  (x.  231.  282).— Hyaline,  ovate,  tri- 
lateral, witn  a  style,  or  setaceous  tail, 
<Hie-tiurd  of  its  length.  Ehrenberg  says, 
"  The  little  tail  is  not  a  separable  Var- 


ticeBa-Btalk,  but  an  articulated  style  on 
the  back — perhaps  a  foof  WithLemnas 
and  Confervse.  Tig.  232  a  dorsal,  231  a 
side  view.    1-480"  to  1-280". 


Genus  VOETICELLA  (XXVII.  1-6).— Crowned  with  cilia  anteriorly; 
stalked  when  young,  but  at  a  later  period,  and  also  after  self-division,  sessile. 
The  shape  of  the  zooids,  when  stalked,  is  similar ;  the  pedicle  can  be  suddenly 
deflected  spirally,  by  means  <^  the  long  muscle  within  it,  but  it  is  never 
branched.  At  certain  periods  a  second  wreath  of  cilia  is  produced  at  the 
poBterior  part  of  the  body.  Not  <mly,  according  to  Ehrenberg,  can  numerous 
atomach-cells  be  seen,  but  likewise  the  gradual  passage  of  the  food  onwards, 
in  a  twining  sort  of  intestinal  canal,  though  this  is  not  easily  observed,  on 
account  of  the  periodical  deflection  of  the  pedicle.  However,  in  the  genera 
E^^istyUt  and  C^percularia,  whose  pedicles  are  comparatively  motionless,  the 
nutritiye  apparatus  may  be  much  more  perfectly  investigated.  The  mouth 
and  discharging  oriflce  are  separate,  but  lie  in  the  same  hoUow,  at  the  anterior 
margin,  llie  granules  are  variously  coloured,  and  constitute,  in  Ehrenberg'a 
language,  clusters  of  ova ;  nucleus  elongated,  contractile  bladder  round.  The 
animalcules  are  androgynous.  The  supposed  increase  by  the  growth  of  young 
animalcules  out  of  the  pedicle  (or  of  gemmae),  like  flowers  on  the  stem  of  a 
plant,  has  arisen  from  erroneous  observation.  When  the  animalcule  loosens 
itself  from  its  pedicle  or  stalk — a  circumstance  which,  says  Ehrenberg,  **  takes 
place  at  certain  pmods — the  stalks  die,  or  disappear,  just  like  the  shells  of 
crabs,  or  as  the  nails  and  hair."  The  muscular  flbre  within  the  stem  requires 
stops,  or  an  achromatic  condenser,  under  the  stage,  to  render  it  distinct. 

The  Vorticellas  being  of  so  considerable  a  size,  and  easily  procurable,  have 
£(yrmed  the  subject  of  numerous  investigations  into  their  oi^anization ;  but 
jet  no  observers  have  been  able  to  coincide  entirely  with  the  views  of 
Ehrenberg.  Among  the  most  recent  researches  are  those  of  Prof.  Stein, 
which  have  been  folly  put  forward  in  the  general  history  of  these  animals, 
to  which  we  must  refer  (see  p.  277  et  seq,),  Sufice  it  to  say  that  the 
winding  intestinal  canal,  the  distinct  stomach-ceUs,  the  clusters  of  ova,  the 
androgynous  nature  mentioned  in  the  above  account  from  Ehrenberg  of  the 
internal  organization  of  Vortieella,  have,  not  only  in  Stein's  opinion,  but  in 


Digitized  by  VjOOQ IC 


586  6TSTBMAIIC  HIBIOBT  07  THE  DTFUBOXIA. 

tliat  of  nearly  eyeiy  other  naturalist,  no  esdstence ;  the  appearances  00  int^- 
preted  are  explicable  in  a  different  manner.  Adopting  the  results  of  recent 
disooyeries,  the  following  descriptiye  characters  may  be  laid  down. 

Body  bell-shaped  (campanulate),  supported  on  a  highly  contractile,  un- 
branched  pedicle  or  stem,  and  surmounted  at  its  wide  upper  extremity  by  a 
dilated  and  somewhat  eyerted  margin,  or  ''  peristom/'  The  wide  anterior 
extremity  is  closed  by  a  "  disc,"  frilled  with  cilia,  which  oonmience  on  one 
side  of  a  depression  or  fossa  in  the  peristom,  called  the  yestibulum,  whence 
they  ascend  to  surround  the  disc,  and  after  continuing  down  its  sides  or 
"  stem,"  enter  the  mouth,  and  thence  return  to  their  starting  point,  thereby 
completing  a  spiral  ciliary  wreath,  or  rotary  apparatus,  which  seryes  by  its 
yibrations  to  draw  food  inwards  to  the  moutii,  and,  when  the  animal  detaches 
itself,  as  an  organ  of  locomotion.  The  disc  may  be  slightly  eleyated  aboye 
the  peristom,  but  less  so  than  in  other  true  Vorticellina ;  when  so  eleyated, 
the  ciliary  apparatus  is  said  to  be  expanded.  On  the  other  hand,  it  may  be 
withdrawn  under  coyer  of  the  peristom,  the  cilia  disappearing  from  yiew ; 
and  when  more  strongly  contracted,  the  whole  disc  is  so  drawn  within  the 
body  that  the  entire  appearance  of  the  anterior  extremity  or  h^  of  the 
animal  is  lost,  its  ciliary  mechanism  being  so  inyerted  that  it  appears  in- 
ternally like  an  irregular  sigmoid  cayity,  in  which  the  cilia  may  possibly  be 
distinguishable,  whilst  the  peristom  is  itself  completely  closed  in  upon  the 
whole.  In  this  state  of  complete  contraction  the  VorticeUa  resembles  a  shnt 
oyoid  sac.  Except  the  head,  the  rest  of  a  Vorticella  is  destitute  of  cilia. 
The  fossa  lying  between  the  sides  of  the  ciliary  disc  and  the  peristom  is  the 
yestibulum,  into  which  both  the  oral  and  anal  outlets  open,  within  a  yeiy 
short  space  of  one  another.  The  mouth  opens  below  into  a  ciliated  pharynx 
or  oesophagus,  which  is  extended  a  considerable  distance  into  the  interior  as 
a  digestiye  tube,  terminating,  it  would  appear,  suddenly  by  an  open  end. 
The  food  receiyed  at  the  mouth  is  transmitted  through  ike  oesophagus,  and 
is  formed  at  its  extremity,  with  the  aid  of  water,  into  a  globule  or  yacuole, 
which  is  pushed  onwards  by  the  vis  a  tergo  in  a  circular  course  towards  the 
anal  outlet.  Besides  molecules  and  granules  deriyed  from  food  (yesicular 
bodies  composed  of  oily  or  other  matters),  there  are  always  present  in  the 
interior  a  round  contractile  yeside  and  an  elongated  curyed  band-like  nudens, 
often  with  seyeral  minute  dear  spaces  or  nudeoli.  The  yeside  is  usually 
placed  near  the  lower  end  of  the  digestiye  tube,  and  the  curyed,  horseshoe- 
shaped  nucleus  lies  across  at  the  posterior  third  of  the  animalcule.  The 
Vorti4iella  multiply  by  longitudinal  self-diyision,  and  by  the  growth  of  gemnue 
from  their  base,  and  propagate  by  the  resolution  of  the  nudeus,  after  encyst- 
ing itself,  into  numerous  EugUna-Vike  or  Monadiform  beings,  and,  according' 
to  Stein,  by  ciliated  embryos  through  the  medium  of  a  preyious  conyersion 
into  AcinelcB.  The  new  beings  formed  from  fission  or  gemmation  are  at  first 
in  a  contracted  condition,  and  on  their  detachment  are  found  to  be  furnished 
with  a  posterior  circlet  of  cilia  to  serye  as  a  means  of  locomotion  until  they 
aflix  themselves  and  proceed  to  deydope  a  pedide,  after  which  it  disappears, 
and  the  ordinary  ciliary  wreath  of  the  head  imfolds  itself.  Indeed,  eyen 
when  these  processes  of  multipHcation  are  not  in  operation,  a  Vorticella 
can  detach  itself  and  leaye  its  stalk,  or  swim  away  with  its  pedide  when 
loosened  from  its  hold. 

The  pedide  is  remarkably  contractile,  drawing  itself  into  a  close  coil  with 
extraordinary  rapidity,  and  again  uncoiling  itself  with  equal  quickness,  regu- 
lating these  moyements  by  external  conditions,  as  though  possessing  con- 
sciousness and  will.  The  pedide  is  a  hollow  tube,  containing  a  thread  or 
band  within  it,  to  which  its  contractile  power  is  due. 
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VoBncBLLAii«Mj/«ra(F.  neMiferaei 
V.  CofHToOiriay  M.). — ^Body  campanulate ; 
its  base,  to  which  the  pedicle  is  affixed, 
may  be  either  conical  or  hemispherical, 
according  to  ita  state  of  expansion  or 
eomtraction ;  the  pedicle  or  stalk  is  about 
^To  times  the  length  of  the  body>  and 
can  form  as  many  as  ten  coils.  These 
creatures  usually  congregate  together, — 
though  each  is  mdepeoident  of  its  neigh- 
bour ;  for  on  the  approach  of  any  foreign 
body  to  one,  it  withdraws,  by  coiluig  up 
its  pedide,  while  the  others  remain 
sketched  out  in  search  of  food.  An  am- 
plification of  300  diameters  is  necessary 
to  exhibit  the  cilia.  During  longitudinal 
self-division  the  body  becomes  broader : 
g^emmation  takes  place  from  one  or  other 
aide,  close  to  the  msertion  of  the  pedicle. 
Abundant,  i^pearing  like  a  white  film, 
on  the  stalks  and  roots  of  Lemnte  and 
other  water-plants,  even  in  winter  under 
ice.     1-670"  to  1-280"- 

This  is  one  of  the  species  of  Vor^ceOa 
m  which  Stein  believed  he  proved  the 
development  of  an  Aeineta  from  the 
encysted  animal,  and  also,  imder  other 
circumstances,  the  generation  of  a  brood 
of  young  Monadiform  beinffs  or  germs. 

V-  citrina  (M.). — ^More  hemispherical 
than  the  preceding,  and  the  frontal  mar- 
gin more  expanded.  Upon  LemnsB, 
rarely  with  the  former  species.  1-480" 
to  1-210";  stalk  8  to  4  times  that  len^h. 

Perty  speaks  of  this  species  as  havmg 
a  adff  stem,  and  apparently  closely  re- 
lated to  the  genus  Stentor,  Dujardin 
adopts  Uiis  specific  name  for  a  VortieeUa 
defined  as  being  veiy  variable  in^  form, 
often  campanulate,  rarely  conical,  having 
a  wide  projecting  border,  variously  con- 
torted or  irregular. 

V.  fmcrostoma  (xxvn.  1-6). — ^Whitish 
grey,  ovate,  narrower  at  the  ends;  frontal 
margin  not  expanded  or  campanulate; 
during  contraction  the  animal  is  annu- 
lated;  multiplies  by  longitudinal  and 
transverse  (?)  self-division,  and  by  gem- 
mation. In  stagnant  water.  1-280O"  to 
1-240";  stalk  six  times  longer  than  the 
body. 

This  speaes  was  the  subject  of  the 
minutest  investigations  by  Stein,  who 
not  only  represented  it  as  becoming 
encysteo,  but  also  as  being  either  trans- 
formed into  an  Aeineta  or  Actinophrt/8, 
from  which  a  ciliated  embryo  is  deve- 
loped, or  as  giving  origin,  without  such  a 
metamorphosis,  to  a  multitude  of  germs. 
He  remarks  on  the  immense  range  of  size 
seen  among  different  examples  of  this 
animalcule,  viz.  from  1-300"  to  1-3600" 


(xxYiL  6),  the  smallest  equally  with  the 
largest  exhibiting  the  same  structure. 
The  figure  he  describes  as  pearHBlii^>ed« 
the  anterior  half  ccmtracted ;  the  dliatea 
disc  slightly  everted,  not  campanulate; 
rotary  oivan  small,  and  devated  but 
sli^tly  above  the  peristom.  He  objects 
to  Ihgardin's  union  of  this  species  with 
F.  conodQarioy  under  the  name  of  F.  «•• 
fumonumy  as  erroneous,  the  two  being 
perfectly  distinct  beings. 

v.  Campanula  (  VortteeOa  kmtuii,  M.) 
(XTTT.  1). — Hemispherical,  not  annu- 
lated,  bell-shaped,  with  the  frontal  mar- 
gin broad,  truncated,  and  not  expanded. 
Colour  whitish-brown.  This  species  ap- 
pears like  a  thick  bluish  film  upon 
water-plants,  and  the  single  animalcules 
are  discoverable  with  the  naked  eye. 
1-120";  stalk  seven  times  longer  tlun 
the  body. 

Perty  adopts  Mailer's  name  F.  lunan» 
for  a  species  which  he  considers  equiva- 
lent both  to  F.  Canwamtla  and  F.  pateUma, 

V.  hamata,  —  Small,  ovate,  hyaline, 
attenuate  at  both  ends ;  body  obuquely 
attached  to  the  pedicle.     1-670". 

y.  Moro$Ugma  (VortieeUa fascicidata^ 
M.). — Ghieen,  ovate,  conical,  campanu-^ 
late,  and  annulated ;  frontal  margin 
(peristom)  expanded.  ^  Often  covers 
grasses  and  rushes  with  a  beautiful 
green  layer.  1-240";  stalk  five  times 
the  lengm  of  the  body. 

V.  pateOma  (M.).  —  Hemispherical, 
campanulate ;  frontiu  portion  yeiy  much 
dilated ;  its  margin  greatly  expanoed,  and 
often  turned  backwards.  1-480";  stalk 
about  seven  times  the  length  of  the  body. 

V.  eonvaUaria  (  F.  crateriformiSf  eitrina, 
gemeUaf  globuiaria,  hUaris,  namta  et  trun^ 
eatelia ;  Eiusheiya  FritHiusi  Triehoda  gy» 
rimuy  M.). — Qyate,  conical,  campanulate, 
annulated:  hyaline  or  whitish;  frontal 
portion  dilated,  its  margin  slightly  ex- 
panded. This  appears  to  have  been  the 
first  infusorial  animalcule  discovered. 
Leeuwenhoek,  the  discoverer,  found  it 
in  stagnant  rain-water,  at  Belfr,  in  April 
1676.  It  occurs  in  considerable  abun- 
dance upon  the  surfttce  of  vegetable  in- 
frisions,  with  F.  microitoma,  from  which 
it  is  distinguished  by  its  broad  front, 
which  gives  to  it  a  bell-shaped  or  cam- 
panulate appearance.  Cams,  in  1828, 
umcifully  represented  it  as  arising  from 
spontaneous  generation  in  oil,  or  from 
an  accidental  mixture  of  oil  colour  and 
spring-water.  It  has  been  described 
under  various  names  by  difierent  natu- 
ralists. 1-430"  to  1-24" ;  stalk  six  times 
it«L  length. 
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This  wen-known  animalcnle  is  nsusUy 
found  attached  to  extraneous  bodies  in 
water ;  such  as  the  leav^es  of  duck-weed, 
small  aquatic  shells,  clusters  of  the  ova, 
or  the  farvas  of  insects;  an  example  of 
the  latter  is  shown  in  the  MieroBccpic 
UhutrationBy  fig.  80,  where  it  may  be 
considered  as  a  puasite,  or  rather  an 
e|ui)h3rte.  As,  when  fidly  deyeloped, 
it  is  mostly  attached  to  some  sta- 
tionary object,  it  affords  many  fiftcilities 
to  the  microscopist  for  observation^  and 
forms  a  good  object  also  for  ascertaming 
the  defining  power  of  his  instrument 
and  his  expertnees  in  its  management; 
for  much  of  the  clearness  in  structure 
will  depend  on  the  manner  in  which  he 
manages  the  illumination.  If  this  be  not 
attended  to,  and  the  instrument  has  not 
sufficient  power  and  penetration,  it  will 
exhibit  only  two  cilia  instead  of  a  cir- 
cular row;  indeed  this  animalcule  is 
described  and  drawn  in  this  manner  by 
the  old  authors. — an  error  which  recent 
improvements  m  the  microscope  have 
demonstrated. 

Y»picta, — Ovate,  conical,  campanulate ; 
firontal  portion  dilated,  and  its  margin 
slightly  expanded.  The  pedicle  is  very 
slender,  and  curiously  marked  through- 


out its  length  with  i«d  dots.  1-llWto 
1-570" ;  stalk  four  to  fire  times  as  kag. 

Pei^  treats  V.  bmaris,  V,  faadadataf 
and  T^.  drrata  of  Miiller  as  distinot 
specif  instead  of  acoepting  them  as 
varieties  of  others  named  by  Ehienbe^; 
bat  he  £uls  to  give  the  dianeteristiefl 
necessary  to  their  establishment  as  sueh. 
It  is  to  be  remarked,  howerei^  that^  K. 
Umaris  and  V,  foKkulata  are,  he  is  in- 
clined to  believe,  merely  vaiietiee  of  the 
same  species. 

Vorticdla  AmpuOa  (Miiller)  is^eated 
by  Tjachmann  as  tiiie  representative  of  a 
new  genus,  as  yet  unnamed,  belonging 
to  the  Stentorinn  (A.  N.  H.  1857,  xix. 
p.  128). 

V,  mfunonum  (Buj^  is  not  equivalent 
to  V,  microstoma  and  V.  QmoaOmriOf  as  he 
represented  it  to  be.  He  describes  it  as 
commonly  ovoid  or  nearly  globular,  trun- 
cated at  the  headj^th  a  dightly  pro- 
jecting border.  The  pedicle  is  veiy 
flexible,  its  sur&oe  striated  obliquely. 

V,  ramosiasima  (Buj.)  s  Cardkmwm 
pohmtmm  (Ehr.). 

K.  Arbuscula  (Big.)  «  Zootkammam 
Arbuscula  ^hr.). 

V,  bmaru  (Buj.) as  V,  Canq>amJa  and 
V.  patellma  (Ehr.). 


Genus  CARCHESIXJM  (XXX.  9).— Distinguished  from  the  preceding 
genus  by  the  spirally  flexible  branched  pedicle.  The  bodies  (zodds)  iqKm 
the  pedicle  are  all  of  the  same  form.  The  organization  of  this  genus  is  not 
so  well  known  as  that  of  VortieeUa  and  EpistyUs,  There  is  a  simple  wreath 
of  cilia,  which  during  quick  vibration  appears  double ;  and,  as  in  Vortiedk^ 
a  posterior  circlet  is  produced  at  certain  periods ;  within  the  pedicle  a  trans- 
versely folded  contractile  band  is  observed  during  contraction.  The  mouth 
is  lateral.  Internally  are  whitish  granules,  and  a  contractile  bladder ;  bat 
the  nucleus  is  indistinct.  The  growtii  of  gemmae  has  been  observed ;  and 
the  zooids  can  detach  themselves  from  the  stalk,  as  in  the  case  of  VotiiceUa. 

One  of  the  best  distinctive  features  between  Carchesium  and  Zoothammimm, 
is  that  the  contractile  band  of  the  former  is  not  continuous  throughout  the 
pedicle  and  its  branches  as  it  is  in  the  latter  (see  p.  293).  This  is  noticed 
both  by  Stein  and  Dr.  Wright :  the  latter  adds,  "  Tlie  division  of  tiie  zooids 
is  more  complete  in  Carchesivm  than  in  Zooihamnium,  In  the  former,  at 
each  division,  one  of  the  zooids  produces  a  new  muscle  not  connected  with 
that  of  the  zooid  from  which  it  has  separated." 


Oabchesiuic  pohfpinum  (Leeuwen- 
hoek)  {V, polypifiaf  M.  and  Bin.)  (xxx. 
9).— C/onical,  campanulate,  white;  the 
£rontal  portion  broiad,  truncate,  and  its 
margin  expanded ;  pedide  branched  in  a 
sub-umbeuate  manner.  The  axis  matter 
or  supposed  muscle  of  the  pedicle,  flrst 
observed  by  Mr.  Varley,  is  very  distinct 
1-670"  to  1-480". 


C.  pygmaum  (Zoothammum  JParamlm, 
Stein). — ^Very  small,  ovate^  white,  ralher 
dilated  in  firont;  pedicle  oranched  in  a 
bifid,  rarely  in  a  tnfid  manner.  1-2400^. 
Berlin.    On  Cydop$  quatbriearms. 

0.  spedabUs, — ^Gonic^  campannlati^ 
dilated  in  front;  branching  in  an  oUique 
conical  polypaiy,  attaining  two  lines  ia 
height    Benin. 


Genus  EPISTYLIS  (XXVII.  16, 22, 23 ;  XXX.  11).— Pedicle  rigid,  either 
simple  or  branched ;  all  the  zooidis  of  the  same  figure ;  or,  in  other  w<Hds, 
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they  are  VcrticdUB  or  Carehttia  with  a  rigid  hollow  pedicle,  without  an 
internal  ocmtraotile  band.  The  situation  of  the  mouth  and  anal  opening  is 
easily  demonstrated  by  the  employment  of  coloured  food.  In  E,  pUcatUis,  says 
Ehrenberg,  the  whole  course  of  the  alimentary  canal  can  be  seen.  A  con- 
tractile sac  and  a  short  band-like  nucleus  are  observable  in  many ;  the  latter, 
however,  is  spherical  in  E.  nut<ms.  Longitudinal  self-division  and  gemmation 
frequency  seen.  The  Epistylides  are  among  the  largest  of  the  Yortdoellina, 
and  are  exclusively  found  in  pure  water,  on  aquatic  plants  or  animals. 

Stein's  researches  throw  additional  light  on  the  structure  of  Epistyliif 
which,  he  says,  resembles  generally  that  of  Vorticella.  The  body  has  usually 
an  ovoid  or  almost  spindle-shaped  figure,  truncate  in  front,  where  a  slightly 
everted  ciliated  peristom,  of  a  sphincter-  or  lip-like  character  surrounds  it,  and 
gives  to  the  whole  being  somewhat  of  a  bell-shape.  Within  the  peristom  is  a 
dliaiy  disc  capable  of  being  protruded  or  retracted  at  the  pleasure  of  the 
animal,  and  having  on  one  side  the  oral  aperture.  This  disc  is  the  ^'  rotary 
organ  "  in  Steia's  description,  and  in  Epiitylu  its  pedicle  or  stem  is  always 
short  and  thick.  When  retracted,  the  sphincter-like  peristom  closes  over  the 
rotary  organ  like  a  lid,  and  then  the  whole  animal  acquires  a  pear-shaped  or 
lobular  figure.  When  the  contraction  has  proceeded  to  its  utmost,  the 
peristom  appears  like  a  wedge-shaped  or  cylin^cal  process  surmounting  the 
bo^.  The  mouth  opens  into  a  slightly  coiled,  tapering  tube,  which  ends 
abruptly  towards  the  centre  of  the  body ;  near  its  termination  is  a  contractile 
veside,  and  not  far  from  the  last  an  elongated  band-like  or  reniform  nucleus. 
EpittyUi  multiplies  in  precisely  the  same  manner  as  Vorticellay  by  fission 
and  gemmation.  Stein  believes  he  has  traced  a  cycle  of  changes  throng 
which  it  passes,  between  the  encysted  condition  on  the  one  hand,  and  the 
development  of  a  ciliated  Trichodina^Wae  embryo  from  an  Acinetiform  phase 
of  eziBtence  on  the  other.  His  observations  tend  to  show  that  the  embryonic 
being  developed  from  the  Amneta  of  Epistylis  anastatica  is  similar  to  Trichodvna 
Orandmdla  (Ehr.),  and  probably  identi<^  with  it.  In  E,  nutans  he  satisfied 
himself  of  the  occurrence  of  similar  transformations,  but  felt  less  assured  of 
their  occurrence  in  E,  grandis,  E,  herheriformis,  E.  Barba,  and  E,  plicoHlis. 

The  stem  or  pedicle  is  inflexible.  No  canal,  as  represented  by  Ehrenberg,  is 
usoally  discoverable ;  but  sometimes  the  stem  is  finely  striated  longitudinally^ 
and  in  dder  specimens  has  at  varying  distances  transverse  lines  or  false  joints. 
Digaidin  proposed  to  amalgamate  ti^e  two  genera  Epistylis  and  Opercularia, 
since  he  oould  distinguish  no  generic  differences  between  them.  In  this  pro-^ 
poeal,  however,  he  was  wrong,  for,  as  Stein  shows,  there  are  sufficient  di- 
stinctive peculiarities  to  warrant  their  generic  independence.  (See  description 
of  Opxrcvlabia.)  The  animals  seated  on  its  branches,  by  their  mode  of 
articulation,  ei\joy  considerable  latitude  of  motion,  and  are  also  able  in  some 
degree  to  shorten  themselves  by  the  annular  segments  of  their  base. 

The  stem  is  secreted  by  the  animalcules  it  supports.  When  fission  has  taken 
place,  two  beings  are  for  a  time  seen  seated  at  the  extremity  of  the  same 
pedide ;  but  soon  each  begins  to  produce  from  its  attached  base  a  new  pedicle 
for  itself,  and  thus  the  original  stem  becomes  branched,  and  this  in  a  ftircate 
or  dichotomous  manner. 

AU  the  members  of  the  same  little  tree  (polypidom)  are  of  nearly  equal 
site.  In  the  case  of  E,  nutans,  the  largest  noticed  were  l-20th  of  a  line  in 
length ;  whilst  in  other  pdypidoms,  wl^  stems  and  branches  were  mropor- 
tio&ately  thinner,  examples  were  met  with  of  very  minute  sice  (XXYII.  22, 
23).  In  the  smallest,  no  anterior  cilia  and  no  contained  globulee  were 
visible ;  in  laiger  ones,  though  only  l-150th  of  a  line  in  length  (XXVII.  23), 
such  were  found.     These  latter  forms  constitute  Epistylis  Botrytis  (Ehr.). 
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Epistylis  Odlea,  —  Large,  conical, 
contractile  by  transverse  folds;  mouth 
lateral  and  projecting;  pedicle  thick, 
branched,  and  articulated.  Upon  Cer<i- 
tophyllum.     1-120". 

E.  anastixUca  (  F.  anastaUca,  eratafaaria 
et  rinoenSf  M.). — Oval,  without  rolds; 
frontal  margin  dilated  and  projecting; 
pedicle  dichotomous,  smootl^— or  squa- 
mous with  foreign  particles.  The  gra- 
nules are  white  oy  reflected,  and  yel- 
lowish by  transmitted  light;  the  clear 
vesicle  is  often  to  be  seen,  but  not  its 
contraction;  growth  of  gemmsd  .un- 
known ;  self-division  longitudinal. 
Upon  CeratophyUum  and  smafi  aquatic 
MoUusca  and  Entomostraca.  1-280"; 
height  of  little  tree  1-140". 

"-R  anastatkaf^  says  Stein,  "differs 
£rom  E.  Digitalisy  which  it  very  closely  re- 
sembles, by  the  form  of  its  body,  which  is 
always  funnel-shaped  and  campanulate, 
like  that  of  E,  plwatilis,  only  less  elon- 
gated, and  by  the  branches  of  its  stem 
being  outspread  in  a  fan-like  manner 
and  acquiring  a  nearly  equal  heigh^  or 
an  umbellate  condition."  He  adds,  "  The 
three  species  most  nearly  allied,  viz.  E. 
anaiitaitca,  E.  plkatiUa,  and  E.  XHgitaUsy 
have,  when  studied  at  different  ages,  few 
points  of  separation,  except  that  furnished 
by  their  habitats, — E.  pUcatUut  living 
upon  the  shells  of  Mollusca;  E,  anas- 
taUca  upon  the  roots  of  Lemna ;  and  E 
Dimiahs  upon  Cuclops  quadricorms*'''' 

E.  plicatiUa  (F.  anmdaria  et  pyrariay 
M.). — Conical  and  elongated,  contractile 
in  annular  folds ;  frontd  margin  dilated, 
truncated,  and  slightly  projecting; 
pedicle  dichotomous,  often  corymbose, 
smooth,  or,  when  foreign  bodies  adhere, 
of  a  scaly  appearance.  This  species  is 
white  to  the  naked  eye^  but  somewhat 
yellow  beneath  the  microscope;  it  is 
very  much  like  the  preceding,  is  often 
found  with  it,  but  is  distinguished  by 
being  larger,  by  its  ring-like  folds  when 
contracted,  and  by  the  tasselled  or  tufted 
appearance  of  the  cluster.  1-280"  to 
1-210". 

The  stenu  says  Stein,  is  solid  and 
lon^tudinallv  striped.  The  nucleus  is 
remform,  and  the  contractile  vesicle  lies 
within  the  substance  of  the  large  rotary 
or^an.  In  old  stems  transverse  lines  or 
jomts  appear,  at  a  distance  from  one 
another.  The  largest  examples  Stein 
^et  with  were  1-168"  in  length. 

E.  arandis, — Broadly  campanulate, 
stalk  aecumbent,  slender,  smooth;  the 
branches  flexible  and  without  artlcula- 
tiona,  but  much  tufted.     This  is  not  only 


the  largest  freshwater  ^teciea  of  J^ 
tiylUf  but  it  also  forms  the  greateet 
masses.  Its  proper  cdour  is  a  Uniih 
white ;  but  it  often  appears  of  a  yellow  or 
greenish  hue,  horn,  the  odour  of  its  food. 
Upon  CeriUophyUum  and  Hyn^phaa, 
often  like  a  blmsh-white  slime,  easilj 
broken  iq>.  In  masses  several  feet  long^ 
and  two  to  three  inches  thick.  1-140"  to 
1-120". 

£.  Jlamcans  (F.  acmoM  H  hM$j  M.). 
—  Large,  broadly  campanulate,  and  oi 
a  yellow  colour;  pedicle  smool^  its 
branches  coarctate.  The  branches  are 
dilated  at  the  axillae.  In  this  species  the 
alimentary  canal  is  very  evident  Siie 
(stretched  out)  1-190" ;  tree  1-9"  high. 

Although  Stein  represents  the  bUsol 
in  EpUtym  to  be,  as  a  rule,  solid,  yet,  in 
a  passing  notice  (p.  72)  of  E  fldisieamf 
he  remarks  that  the  pedicle  evidently 
had  a  hollow  central  cimaL 

R  leucoa  (Vokox  Spharuia^  M.).— 
Large,  broadly  campanulate;  pedicle 
erect,  smooth,  and  articulated;  the 
branches  capitate  or  collected  in  a  head. 
These  animalcules  are  convex  anterioily, 
have  distinct  colourless  granules,  a  sim- 
ple wreath  of  cilia,  and  a  round  mouth  on 
the  margin.  The  nucleus  is  bent  in  the 
form  of  the  letters.    1-120";  tree  1-24". 

E.  DigUalis  {V.  DigitaUs,  ringem  et im- 
cUnans,  JVL). — ^mall,  cylindrical,  campa- 
nulate; stem  dichotomous.  and  finelj 
annulated.  This  well-marked  fonn  in- 
fests the  Cydops  quadricorrm,  which  it 
sometimes  completely  covers.  In  the 
beautiful  little  1^  tms  speciee  forms  by 
its  branching,  the  Notommaia  petromyum 
nestles  just  like  a  bird  in  a  bndi,  and 
fastens  its  eggs  to  its  branches.  Coloiired 
food  is  readily  taken.  1-430" ;  Iroe  1-20". 

The  figure  is  more  like  that  of  the 
flower  of  the  foxglove  (DigUali$),  as  the 
name  implies,  than  bell-shaped;  for  the 
peristom  is  very  little  everted,  and  its 
diameter  not  greater  than  ^e  middle  of 
the  body.  The  rotary  organ  protrodes 
some  distance,  and  lies  very  M>liquelv. 
The  nucleus  is  band-like,  and  (»irved  m 
a  semicircle.  The  annulation  of  the 
stem  could  not  be  seen  by  Stein,  except, 
as  in  yetvmxaj EpistyUdea,  near  tibe  junc- 
tion or  oifurcation  of  the  branches,  and 
occasionally  in  very  old  specimens :  in 
these  last  it  often  lias  a  rusty  colour. 

E.  (P)  nutam  (Opercularia  mU 
Stein).  ^  Ovate,  attenuated  at  boUi 
ends ;  mouth  two-Upped  and  prominent 
The  pedicle  annulated  (xxtil  16y  22, 
23).  '<This  animalcule,^  says  Ehi«n- 
berg,  ''can  push  forth  a  bladder  betwe^ 
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its  H]^  like  (si  parya  licet  componeie 
magniB)  a  camel  can  its  palate".  1-430"; 
tree  1-24". 

The  process  above  alluded  to  by 
£hrenbeT^  as  protruded  from  the  head 
of  this  ammal  is  undoubtedly  the  sort  of 
uiider  lip  alluded  to  by  Stein  in  his  ac- 
count Off  Opercularia  (see  next  page^. 
This  author,  again^  confirms  Ehrenbei]^  m 
his  doubt  as  to  the  position  of  this  epecies, 
and  shows  that  it  is  an  Opercuiana. 

'EJBi^trytu, — ^Veiy  smaU^ovateyCrowned 
with  cilia.  They  resemble  grapes  upon 
a  simple  hyaline  pedicle.  This  species 
together  with  K  Arahka  and  Carchesmm 
pygwuBuni  are,  in  Stein's  opinion,  not 
r^uly  distinct  species,  but  difierent 
pha^  of  the  same  aninuJcule.  1-2400"^ 
tree  1-240"  (see  p.  680,  last  Ime). 

E.  vegetans  (Vokox  vegetans,  M.). — 
Very  small,  ovate,  crowned  with  cilia 
(?);  disposed  in  clusters,  like  the  pre- 
ceding, upon  a  branched  pedicle,  of  a 
yellow  colour.  When  the  water  con- 
taining this  species  is  coloured  with 
indigo,  strong  currents  are  seen  at  the 
front  or  heaa  of  each  animalcule,  e^-i- 
dently  caused  by  a  ribratile  or^an ;  but 
whether  this  is  a  wreath  of  cilia  or  a 
simple  proboscis,  is  imdetermined ;  if  a 
proDoscis,  this  creature  would  belong  to 
the  Monads^  where  it  would  form  the 
tirpe  of  a  new  genus.  In  river-water. 
1-3450"  J  tree  1-140". 

Brightwell  says  (Fauna  Infusoria  of 
Norfoikj  1848)  that  tlie  armed  or  oval  ani- 
malcules are  furnished  with  a  long  fila- 
ment, tiiat,  when  the  water  is  shallow, 
thegr  detach  themselves,  and  swim  about 
wiui  a  revolving  motion.  The  organ  of 
motion  he  stat^  to  be  a  lon^  filament 
proboscis)  ;  if  so,  the  animal  is  not  an 
£fittylis.    Stein  treats  it  also  as  a  very 

£.  ptNrasdica, — Small,  conical,  campa- 
nalate,  and  solitary ;  pedicle  simple  and 
smooth.  Upon  Zo<HH>tryon  peOucidus, 
1-570" ;  with  pedicle  1-120"  to  1-24". 

£.  Arabica,  —  SmaU,  oval,  campanu- 
late;  pedicle  but  little  branched,  smooth, 
and  hvaline.  In  the  Red  Sea.  Size  of 
tree  1-140". 

This  species,  as  well  as  E.  Botrytis  and 
Carchesmm  pygmaum,  are  adduced  by 
Stein  as  insufficiently  marked,  and  re- 
ferred by  him  to  the  young  and  incom- 
plete forms  of  other  species. 

E.  Barha.  —  Ovate,  oblong,  white : 
hnmches  dichotomous ;  longitudmally  and 
reprnlarly  striated.    On  larvie  of  insects. 

fi.  berberiformis  *  Opercuiaria  berbe- 
rwa   (Stein)  (xxnt.  4).— Oblong,   sub- 


cylindrical,  whiter  stem  dichotomous, 
articulated,  and  striated,  its  divisions 
dilated  at  their  apices.  Parasitic,  Berlin. 

This  is  not,  as  Stein  shows,  a  species 
of  EoistyUsy  but  of  Opercularia,  under 
whicn  we  shall  introduce  it  with  the  de- 
scriptive account  this  able  writer  supplies. 

E.  euchlora. — Oblong,  rather  expanded 
in  front,  with  green  ova ',  stem  dichoto^ 
mous.  1-13"  in  height,  smooth.  Para- 
sitic on  Flanorbis  cornea,  Berlin. 

E.  pavonina,  —  Very  large,  helmet- 
shapea,  elongated  in  front;  stem  very 
high,  dichotomous.  striated,  and  hence, 
by  decomposing  light,  dii^lays  many 
hues.    Often  1-5"  in  height    Berlin. 

E.  crasstcoUis  (Stein)  (xxx.  11). — 
Stem  of  considerable  height,  acutely  and 
dichotomously  branched  so  that  the  seve- 
ral zooids  it  supports  are  brought  nearly 
on  the  same  level  (corymbose).  Branches 
smooth,  transparent,  straight,  and  of 
equal  thickness.  In  some  specimens 
transverse  lines  or  joints  occur;  and  the 
stem  is  frequently  dilated  at  the  point 
of  divergence  of  its  branches.  Animal- 
cules ovate,  contracted  posteriorly,  and 
also  in  a  slighter  degree  anteriorly.  The 
annulated,  hoop-like  peristom  surmounts 
the  body,  havmg  a  rather  smaller  dia- 
meter. The  rotary  disc  is  convex,  but 
rises  only  slightly  above  the  peristom. 
The  oesophagus  and  its  intestine-like 
continuation  curve  backward  almost  to 
the  posterior  extremity  of  the  body. 
The  contractile  space  hes  close  to  the 
lower  end  of  the  stem  of  the  rotair 
organ ;  the  nucleus  is  horseshoe-shapecL 
Contents  white,  frequently  with  specks 
of  red.  Largest  specimens  1-240"  ii^ 
length,  and  1-480"  in  width.  Occurs  on 
the  bristles  ^of  the  hind  feet  and  of  the 
jaws  of  Entomostraca. 

E.  branchtophUa  (Perty).  —  Spherical, 
with  a  truncate  base ;  colour  grey.  Stem 
and  branches  colourless  and  smooth. 
1-360";  length  of  polypidom  1-96".  The 
animalcules  are  sparse  m  reference  to  the 
dimensions  of  the  stem :  the  latter  often 
rugose  at  itsjunction  with  the  animal  it 
supports.  When  the  stem  contracts  it 
does  so  only  on  one  side,  and  not  com- 
pletely across.  Both  this  description* 
and  the  figures  ^ven  in  illustration  by 
Perbr  are,  as  Stem  observes,  insufficient 
to  cnaracterize  the  species.  The  latter 
writer  retains  the  name,  however,  for  an 
Ejoistylis  having  a  relatively  thick  stem, 
01  moderate  height^  repeatedly  forked, 
finely  striated  and  somewhat  curved.  Of 
the  two  branches  resulting  from  a  bifur- 
cation, one  attains  a  much  greater  length 
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than  the  other;  hence  the  appearance  of 
a  main  stem  and  a  subsiduury  branch. 
The  zooids  terminating  the  ramifica- 
tiona  are  pear-shaped,  the  width  nearly 
equalHnff  the  length,  and  almost  glo- 
bular when  the  peristom  is  contracted. 
They  are  of  a  greyish  hue.  The  rounded, 
lip-like,  ciliated  i>eristom  is  of  less  dia- 
meter than  the  widest  part  of  the  body ; 


and  its  entire  spjace  is  occupied  by  the 
rotary  organ,  which  is  only  a  little  ele- 
vated alx>ye  it  when  extended.  The 
nucleus  is  elongated  and  yermicular. 
The  average  lengUi  of  the  body  is  l-d60" 
to  1-280" :  and  the  width  1-466"  to 
1-836".  Gemmation  may  be  frequently 
seen,  the  buds  crowing  from  the  ibie 
part  of  the  body  behind  the  penatom. 


Gonufl  OPERCIJLARIA  (XXIX.  4 ;  XXX.  1,  2,  27).— Branched  pedicle, 
stiff  and  rigid,  supporting  diRHimilar  corpuscles  (zooids).  The  anamalcules 
have  two  lips ;  the  superior  one,  supported  by  a  muscle,  is  somewhat  like  a 
lid  (operculum),  which  is  a  characteristio.  (^ereularia^  Epistylis  with  dis- 
similar oorpusolee.  The  organs  of  locomotion  consist  of  a  wreath  of  cilia, 
and  a  long  muscle  within  the  body ;  this  raises  or  depresses  the  frontal  region, 
in  the  form  of  an  upper  lip.  Food  is  taken  into,  and  ite  effete  portions  dis- 
charged frx>m  the  lai^  vestibulum  situated  in  front  and  rather  to  one  side, 
and  to  and  from  which  the  alimentary  canal  is  seen  running.  Self-division 
and  the  separation  of  the  zooids  frt>m  the  stalk  may  be  fr^uently  observed. 
The  large  dissimilar  bodies  occur  singly  beneath  the  animalcules,  more  espe- 
cially in  the  axillsB  of  the  branches ;  some  are  very  large  and  egg-shaped, 
with  hairs  at  their  point,  and  only  a  small,  round,  non-vibratile  opening. 
Ehrenberg  observes  that  such  are  most  probably  parasitic  bodies.  In  all 
probability,  however,  they  are  encysted  corpuscles. 

The  following  characters,  contrasted  with  those  of  E^fdstyUs,  are  given  by 
Stein.  The  peristom  is,  in  Opercidaria,  merely  a  single  border,  neither 
ciliated,  thickened,  nor  evertod  in  a  campanulate  manner.  The  body,  there- 
fore, is  elongated,  ovoid,  constantly  narrowed  anteriorly,  and  simply  truncated. 
The  opening  of  the  peristom,  which  also  forms  that  of  the  mouth,  extends  as 
a  wide  and  deep  cavity  (the  vestibulum)  to  the  oesophagus,  which  is  prolcmged 
far  into  the  body  as  a  narrow  digestive  tube.  A  distinction  between  this  last 
canal  and  the  oesophagus  is  indicated  by  a  group  of  three  or  four  strong  cilia 
placed  at  its  commencement.  The  rotary  organ  springs  from  the  wide  ond 
cavity,  on  one  side,  by  a  narrow  point,  whidi  is  the  apex  of  its  trumpet- 
shaped  figure.  The  base  of  this  long  conical  sac  is  formed  by  ite  ciliated  disc, 
which  is  thrust  much  above  the  peristom  when  extended,  but  can  be  drawn 
down  upon  it  and  close  it :  the  whole  organ  is  very  moveable.  The  older 
observers  looked  upon  the  rotary  organ  as  a  valve  or  lid;  and  Ehrenberg 
supposed  it  te  have  a  long  retractile  muscle  which  could  dose  it  upon  the 
mouth.  However,  no  muscle  existe  within  the  pedide  of  the  organ ;  for  this  is 
a  hollow  sac  filled  with  the  same  substance  as  the  general  cavity  of  the  body, 
and  in  direct  oommunication  with  it.  The  pedicle  of  the  ciliary  disc  is  longer 
and  more  moveable  than  that  of  Vorticella  and  Epittylis,  The  genus  Opereur^ 
laria  is  further  distinguished  by  the  presence  of  a  delicate  membranous,  trans- 
parent process  which  stands  out  frt>m  the  throat  like  an  internally  fixed  coUar, 
•and  is  elevated  above  the  peristom,  forming  a  sort  of  under  lip  to  the  rotaiy 
organ.  Whether  this  is  ciliated,  or  only  a  vibrating  membrane,  St^  remains  in 
doubt.  It  is  the  same  structure  as  is  referred  to  by  Ehrenberg  in  his  note  on 
Epistylis  ?  (  Opercularia)  nuians  as  a  protrusile  bladder-Hke  process  (see  p.  690). 


Opbbcxtlabia  articuiata  (V,  Opereu- 
larioj  M.)  (xxx.  1)  occurs  as  a  little 
ahrub,  1-6"  to  1-4"  high,  white  and 
dichotomous:  carmine  and  indigo  readily 
taken ;  and  Ehrenbeig  states  he  saw  as 


many  as  forty-four  stomach-cells  filled, 
resembling  a  girdle  in  the  middle  of  the 
body.  The  stalk  is  veiy  deHntolv 
striated  in  a  longitudinal  direction,  ao^ 
shows,  at  its  ramifications,  a  transveiae 
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line,  or  joint.  Upon  DyHscus  marffmalis. 
1-430". 

Stein  createe  several  additional  species 
of  O^reuiaria,  and  has  entered  into  many 
details  respecting  the  structure  of  O.  ttr- 
ticulaia  (xxx.  1,  2).  According  to  him^ 
the  hody  is  spindle-shaped  or  ovate-elon- 
sate,  and  truncate  before  and  behind. 
The  penstoniy  which  is  continuous  with 
the  body,  fonns  a  simple  terminal  edge, 
aometimea  a  uite  smootn,  at  others  plaited 
longitudincaly.  Sinularplaits  often  occur 
«t  its  posterior  half,  when  the  animalcule 
contracts  itself.  The  disc  of  the  rotary 
organ  has  three  circlets  of  cilia,  is  con- 
tractile and  changeable  in  form.  The 
oral  cavity  behind  the  margin  of  the 
peristom  is  very  wide  and  deep,  ex- 
panded as  a  capacious  sac.  from  one 
comer  of  which,  posteriorly,  tne  digestive 
tube  proceeds.  It  is  lined  internally  by  a 
delicate  hyaline  membrane,  which  pro- 
jects beyond  the  peristom  like  an  upright 
collar.  At  the  base  of  the  body  is  a  dense 
collection  of  granulea,  apparently  of  a 
fiitty  character.  The  nucleus  is  horse- 
shoe-ehaped,  and  a  round  contractile 
space  lies  near  to  the  digestive  tube  at 
its  commencement.  There  is  a  pecu- 
liar giandxdar-looking  body  on  each  side 
of  the  oral  cavity  at  the  anterior  part  of 
the  body,  the  nature  of  which  is  not  de- 
termined. When  in  a  state  of  contrac- 
tion the  animal  is  thrown  into  annular 
folds,  the  rotary  orpm  completely  re- 
tracted, and  the  penstom  closed  over  it 
in  a  sphincter-like  manner,  the  whole 
body  assuming  a  spindle-shaped  form, 
or,  when  contracted  to  the  utmost,  a 
pvriform  or  orbicular  fig^ure.  Reproduc- 
tfon  takes  place  by  gemmation ;  but  fission 
has  not  been  observed :  Stein  believes  in 
the  transformation  of  the  animals  into 
AemeUf,  and  the  development  from 
these  of  ciliated  germs  (xxx.  3,  4). 

The  length  of  the  body  of  the  largest 
specimens,  when  extended,  is  1-9d"j 
vod  the  matest  width,  at  the  middle, 
1-216".  The  stem  is  very  variously 
branched,  and  is  less  rigid  and  more 
flexible  than  in  other  species.  The 
transverse  lines  or  false  joints  are  not 
characteristic,  and  the  longitudinal  stria- 
tion  is  not  always  observaole. 

O.  herberma  (Stein)  (xxdl  4)  s  J^i^ 
MtyMa  berberiformis  (Enr.). — ^Animalcules 
outstretchea  elongated,  cylindrical, 
slightly  contracted  oefore  ana  behind : 
about  2j  times  longer  than  broad,  with- 
oat  reckoning  the  extruded  rotary  organ. 
No  separable  penstom  exists  at  the  ante- 
rior tnmcated  extremity  (i.e.  in  technical 


phrase,  it  is  obsolete) ;  rotary  orffan 
comjpaiatively  shortly  stalked,  its  disc 
having  a  single  whorl  of  cilia.  Oral 
cavity  capacious^  as  in  O.  arttctdata ;  its 
memorauous  linmg  undulating,  and  seen 
with  difficulty.  An  anal  opening  ap- 
pears at  the  base  of  the  oral  cavity,  not 
Far  from  the  orifice  of  the  oesophagus. 
Even  when  expanded,  the  bodv  is  sur- 
rounded by  thickly-placed  annular  folds, 
which  become  much  more  strongly  pro- 
nounced when  it  contracts  itseu.  The 
8ur&ce  of  the  body  is  covered  by  a  very 
firm,  transparent,  structureless  mem- 
brane,^ which  can  be  isolated  for  exa- 
mination without  any  special  prepara- 
tion, and  is  often  left  behmd  after  aeath 
as  a  distinct  sheath  or  skeleton.  Multi- 
plication by  gemmation  has  not  been 
observed;  but  fission  is  common.  The 
largest  specimens  were  1-190"  in  length, 
and  1-570"  in  width. 

The  form  of  the  stem  is  very  variable, 
for  two  similar  specimens  are  scarcely 
to  be  found ;  yet  m  all,  the  animalcules 
are  supported  at  different  heights,  on 
stems  varying  in  length,  and  therefore 
not  corymbose.  The  stem,  likewise,  has 
not  the  stiff,  regular  -  construction  of 
most  Opercularia  and  JBpistyUdeSj  but  is 
generally  eurved  outwards,  and  has  at 
variable  distances  transverse  lines  or 
joints ;  the  extremity  supporting  the 
animalcule  is  expandeo.  it  is  through- 
out solid,  colourless,  and  diaphanous, 
and  if  at  all  striated  longitudinally,  is  so 
in  a  very  fSfdnt  manner.  On  aquatic 
animals.  Stein  believes  he  has  dis- 
covered its  Acineta  (xxni.  17, 20). 

O.  LichtengteimL — ^Body  stout,  shorty 
barrel-like,  the  length  not  being  double 
the  width ;  except  in  sparingly-branched 
stems,  the  opposite  ends  are  little  con- 
tracted. The  rotary  or^an  is  but  slightly 
elevated  above  the  penstom ;  its  stem  is 
short,  thick,  and  almost  cylindrical,  little 
exceeded  in  width  by  the  disc  surmount- 
ing it,  which  has  but  a  single  circlet  of 
ciha.  The  membranous  process  within 
the  oral  cavity  rises  above  the  peristom, 
is  notched,  thrown  into  longitudinal  folds, 
and.  to  all  appearance,  ciliated.  The 
nucleus  is  always  short  and  oval  or 
round;  its  position  varies;  the  con- 
tractile space  is  circular,  in  proximity 
to  the  beginning  of  the  digestive  tube 
or  the  OBsophagus.  The  heap  of  fiitty 
corpuscles  near  the  base  is  present,  as 
in  many  rigid-stem  Vorticellina.  The 
maximum  leng^  is  1-190" ;  and  the 
width  1-300".  It  differs  from  O.  arti- 
cttUUa  (xxx.  1,  2)  by  its  round  nucleus, 
2  Q 
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and  from  O.  herherina  (xxix.  4),  which 
it  doeel J  reeembles  in  its  genend  or^- 
nization,  by  its  length  and  width  being 
much  nearer  equal,  and  by  its  not  being 
bent  backwards  on  the  stem  when  con- 
tracted. Stein  describes  its  Acmeta  and 
the  ciliated  embryo  resulting  from  it 
The  stem  is  subject  to  great  varieties ; 
but  these  all  agree  in  the  stem  expanding 
from  its  base  in  a  more  or  less  marked 
manner,  in  the  branches  being  all  of  equal 
length,  and,  in  consequence,  the  zooids 
elevated  at  different  heights.  The  stems 
of  the  oldest  generations  are  low,  and 
have  but  few  animalcules  upon  them, 
which  are  seated  on  short,  curved,  and 
enormously  thick  branches,  such  as  are 
seen  in  no  other  OpercuUaruB.  The 
wh<de  suifiice  of  the  stem  is  covered  with 
numerous,  closely-placed,  shallow  and 
deep  transverse  folds  or  constrictions, 
which  give  it  a  knotty  f^pearanoe ;  it  is 
also  lonjgitudinally  stnatea.    In  younger 

fenerations  the  stems  are  more  densely 
ranched ;  but  the  branches  are  not  ex- 
traordinarily thickened,  being  as  slender 
as  those  of  the  lai^r  groups  of  O.  arU- 
cuiata,  and,  like  these,  have  only  here  and 
there  transverse  marlongs, — ^for  instance, 
at  the  angles  of  the  branches.  Thev  are 
also  longitudinally  striped,  and  ^ffer 
fturther  from  O.  blerberina  by  their  ex- 
pansion upwards  towards  the  base  of 
the  superposed  animalcule.  On  aquatic 
Crustacea  and  MoUusca. 

O.  stenostoma  (Stein).  —  Body  pyri- 
form,  widest  in  front  of  the  middle  imo, 
rounded  anteriorly,  with  a  very  narrow 
peristom,  and  behmd  the  middle  strongly 
contracted,  so  as  to  assume  the  appear- 
ance of  a  pedicle.  The  disc  of  the  rotarv 
organ  is  very  narrow  across,  fringed  with 
a  single  row  of  cilia;  the  membranous 
process  from  the  oral  cavity  rises  only  so 
much  above  the  peristom  as  to  form  a 
narrow  annular  riage.   Nucleus  long  and 


horseshoe-shaped ;  contractile  apace  dr- 
cular,  ^aced  near  the  commencement  of 
the  oesophagus.  Stembrancheddichoto- 
mously,  Dut  short,  whence  the  individual 
animalcules  (not  more  than  4-6  in  num- 
ber) are  in  near  apposition.  1-900"; 
length  of  stem  l-36(r.  The  stiff  stem  is 
small  relatively  to  the  body,  seated 
longitudinally,  and  obscurely  wrinkled 
transversely.    On  aquatic  Mollusca. 

O.  microttama  (Stein)  (xxx.  37).— 
Very  similar  to  the  last-named  species. 
Like  this,  it  forms  a  lowly-branched  stem 
bearing  few  animalcules.  The  branches 
are  comparatively  thin,  and  mostly 
marked  by  thickly-set  annular  constric- 
tions, rendering  it  more  or  less  crooked 
and  Knotty.  Some  stems,  however,  are 
quite  smooth,  and  also  without  trace  of 
longitudinal  striae.  The  animals,  when 
extended,  are  pear-shaped,  and  have  a 
constriction  behind  the  middle,  and  in 
front  a  very  narrow  peristom.  Rotary 
organ  with  a  short  stem  and  a  narrow 
di^;  on  the  opposite  side  of  the  oral 
cavity  is  a  tongue-like  membranous  pro- 
cess. The  orw  ca-vaty  is  comparatively 
narrow;  the  digestive  tube  short,  the 
contractile  vesicle  lies  near  its  upper 
end,  and  the  curved,  hook-like  nudeus 
behind  the  rotary  organ.  In  contraction 
the  animal  retains  its  pvrifbrm  figure, 
and  is  thrown  into  annular  Mds  poste- 
riorly. When  more  strongly  contracted, 
it  becomes  oval.  Greatest  length  1-280" ; 
width  1-460".    On  the  feet  of  CrustaceiL 

O.  nutans  (Stein)  =s  J^nsttflia  nutans 
(Ehr.) ;  but  the  description  by  Ehien- 
berg  requires  to  be  modified  by  the  dis- 
coveries of  Stein,  to  render  it  correct  and 
characterislsc.  The  two-lipped  mouth 
is  a  misapprehension  of  the  rotarv  organ 
and  memoranous  process  of  the  oral 
cavity,  and  the  retractile  palate  is  equi- 
valent to  the  rotary  organ  of  Stein. 


Genus  ZOOTHAMNIUM  (XII.  67,  68,  69).— Comprehends  Vorticellina 
with  a  spirally  flexible  branched  pedicle  having  an  internal  muscle.  Hie 
stalked  corpuscles  are  of  different  shapes ;  a  wreath  of  dlia  surrounds  the 
frontal  region.  The  mouth  simple  and  lateral.  Numerous  round  stomach- 
cells  (vacuoles)  can  be  demonstrated  by  artificial  feedings.  Self-division  has 
been  observed. 

The  more  accurate  examination  of  Stein  supplies  additional  details,  and 
corrects  those  above,  as  given  by  Ehrenberg.  The  so-called  frx>ntal  region  k 
the  peristom  of  Stein,  which  presents  a  rounded  tumid  border,  but  no  cilia : 
for  these  organs  form  a  fringe  around  a  ciliary  disc  within  the  circumference 
of  the  peristom,  which  can  be  protruded  beyond,  or  retracted  within  it.  In 
short,  2k>othamnium,  like  other  Vorticellina,  has  a  "  rotary  organ,"  which,  by 
the  whirling  of  its  cilia,  draws  inward  to  the  mouth,  situated  on  one  side  of 
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it,  a  cnrrent  of  water,  together  with  the  nutritive  partidee  it  may  contain. 
Within  are  a  curyed  semicircular  band-like  nucleus,  a  contractile  vesicle,  the 
80-called  stomach-sacs  or  vacuoles,  and  numerous  granules  and  molecules. 
The  mouth  opens  into  a  wide  cesophagus,  which  extends  backwards  towards 
the  centre  of  the  body,  where  it  terminates  abruptly.  The  stem  essentially 
differs  from  that  of  Carchesium  in  its  central  canal  being  continuous  through- 
out ;  but  the  distinction  drawn  between  ^e  two  genera  by  Ehrenberg,  from 
the  presence  of  diasimilar  corpuscles  (animalcules)  being  found  in  Zootham- 
nium,  and  not  in  Carchesium,  is  worthless,  as  that  circumstance  is  indicative 
of  nothing  more  than  a  certain  condition  of  development.  The  oldest  portion 
of  the  stem  in  this  genus  often  becomes  solid  and  rigid,  and  thereby  re- 
sembles that  of  Epistylis,  for  which  it  might  he  mistaken  (see  p.  293).  Dr. 
Wright  observes  that  the  primary  (parent)  zooid  of  a  polypary  does  not  begin 
to  develope  the  contractile  band  in  its  pedicle  until  this  has  attained  a  con- 
siderable length ;  hence,  for  the  time,  this  primary  zooid  is  an  Epistylis  by 
the  structure  of  its  stalk. 


ZooTHAMNiUM  AtbuMcula  (VorUcelia 
rmeemomy  M.  and  Dig.)  (xn.  67, 68, 69) 
has  the  hnnehes  in  racemes  or  iire- 
gular  umbels ;  corpuscles  (zooids)  white, 
campanulate :  pedidle  very  thick.  These 
beautiful  Uttle  trees  resemble  plumes  of 
feathen.  They  have  the  characters  of 
Cttrchenum  and  Opercuiana  aa  respects 
the  pieeence  of  globular  bodies  in  the 
aziUse  of  ^e  brtmches,  but  are  at  once 
difltanguiahed  by  the  strength  of  the 
latter.  Found  upon  CeratophvUum  and 
other  freshwater  plants,  and  also  in  sea- 
water  ;  visible  to  the  naked  eye.  It  con- 
tracts itsdlf  on  its  very  elastic  nedicle  on 
every  alarm.  It  lives  but  a  snort  time 
^Hien  removed  from  its  native  place 
(Brightwell,  p.  344).  Siae  1-430" ;  tree 
l-4"9  stalk  one-foiurth  the  thickness  of 
the  body. 

Z.  niveum  (Z.  plumosum,  Wright).— 
Main  stem  zigzag ;  branches  short^alter- 
nate,  ahnost  veiticillate^  given  off  fix)m 
each  angle  of  stem;  zooicU  oblong,  cam- 
p^T>"^*^j  white,  clustered  at  the  ends  of 
the  branches,  which  are  filifonn,  the 
lower  ones  often  deserted,  while  the 
upper  bear  dusters  of  club-shaped  little 
bodies  roanded  anteriorly.  Summit  of 
main  stem  and  branches  curved  back- 
wards like  an  ostrich-feather :  hence  the 
name  pbimommy  proposed  by  Dr.  Wright 
1-210". 

Z.  ojfine  (Stein). — Stem  dichotomous ; 
branches  attaining  a  neaily  equal  eleva- 
tion. The  primary  stem  varies  in  length 
ae  urell  as  the  lateral  ramifications ;  hence 
the  arborescent  polypidom  varies  con- 
sideraUy  in  its  genend  aspect,  being  at 
one  time  loose  and  difiuse,  at  others  com- 
pact and  dense.    When  extended,  the 


transparent  branches  are  smooth,  but 
during  contraction  are  thrown  into  trans- 
verse folds,  and  acquire  a  relative  in- 
crease of  thickness.  The  canal  is  con- 
tinuous throughout,  except  at  the  base  of 
attachment  in  specimens  of  some  age, 
where  the  stem  is  solid  ,*  in  its  iatenor 
is  the  axis-matter, — ie,,  in  Ehrenberg's 
languag[e,  the  muscle  moving  the  stem. 
The  animalcules  borne  on  the  extremi- 
ties of  the  branches  are  oval,  somewhat 
contracted  behind,  and  truncate  in  fronts 
where  they  are  surmounted  by  a  thidc 
tumid  penstom  of  rather  less  diameter 
than  that  of  the  body.  The  rotary  organ 
is  strildngly  narrower,  and  protrudes 
little  beyond  the  penstom :  in  tne  course 
both  of  the  extension  and  retraction  of 
the  rotary  disc  a  fold  is  produced,  which 
gives  the  appearance  or  a  double  peri- 
stom.  A  wide  oesophagus  and  digestive 
tube  opens  from  the  mouth ;  and  near  its 
posterior  extremity  is  the  contractile 
vesicle.  The  nucleus  resembles  a  short 
semicircular  band,  and  lies  across  ^e 
body.  The  relative  thickness  of  the  stem 
19  a  remarkable  character  of  this  species, 
being  one-half  that  of  the  animalcules  it 
supports.  Usual  length  of  animals  1-380" 
to  r-270"  5  width  1-660"  to  1-670".  On 
£ntomo8traca,  &c. 

Z.  Parasita  (Btein).— Tree-like  poly- 
pary, very  small,  supporting  few  animal- 
cules: the  latter  agree  in  figure  with 
those  of  Z.  Arbttseuh.  Stein  Believes  it 
identical  with  Cardiesmm  pyffnumm, 
Ehr.,  the  latter  beingan  incompletely- 
devdoped  form.  On  £ntomostraca  and 
small  aquatic  Crustacea. 

We  are  indebted  to  Dr.  Wright  for  a 
notice  of  the  following  species : — 
2q2 


Digitized  by  VjOOQ IC 


596 


SYSTEMATIC  HI8T0&T  OF  THE  HTFUSOBIA. 


Z.  dichotomum, — Stem  very  regularly 
dichotomouB;  pedicles  long;  zooidscylin- 


I  drical^resemblingfiriutoftheiiaiocaiitiui. 
I      Z.j}lMma9um  (Wright)  ==Z.  mreion. 


Gk)nu8  SCYPHIDIA  (Buj.). — Sessile,  cup-shaped,  tapering  at  the  base, 
covered  with  a  reticulated  integument. 

This  genus  is  received  both  by  Perty  and  Lachmann.  The  former  notices 
three  species,  of  which  one,  viz.  Scpatula,  is  new,  the  two  others  being  Sc, 
ringens  and  Sc,  pyriformU.  Lachmann,  on  the  contraiy,  although  admitting 
the  genus,  rejects  the  species  of  Dujardin  and  Perty,  "  as  they  have  a  short 
stem,  and  appear  to  be  only  particular  states  of  pedunculate  Vorticellina,  in 
which  the  stem  has  not  attjdned  its  usual  length ;  but  on  the  other  hand,"  he 
continues,  "  two  other  beings  must  be  referred  to  it,  both  of  which  attach 
themselves  to  the  naked  parts  of  small  freshwater  moUusca,  and  never  form 
a  stem,  but  which  were  often  observed  by  me  in  process  of  division,  and  are 
easily  distinguished  from  other  forms  which  are,  like  them,  attached  at  first, 
by  their  posteriorly-truncated  form,  and  a  projecting  pad  at  the  margin  of 
the  hinder  end." 


ScYPHiDiA  rugosa. — Oblong,  marked 
with  distant  oblique  deep  striad,  looking 
like  furrows.  1-565".  In  pond-water, 
amongst  vegetable  debris.  To  this  genus 
Dujarain  would  also  attach  the  VorttceHa 
ringens  and  F.  incUnans  of  Miiller,  and 
possibly  also  the  F.  ptfrifomm  of  the 
same  author,  under  which  name  Ehren- 
berff  has  described  a  variety  of  V.  conval- 
lana. 

Sc.  njpifornm, — Grey,  hyaline ;  with 
no  peaicle,  or  an  extremelv  short  one ; 
constantly  contracting  itself.  Uncom- 
mon ;  on  CydopSj  &c.  Length,  in- 
cluding stem,  1-720"  to  1-000".  Is 
closely  allied  to  8e,  ringens, 

Sc.  paiula  (Perty). — ^Widely  campanu- 
late ;  of  a  bluish-grey  colour ;  stem  half 
the  length  of  the  body.  Length,  with 
stem,  1-360".  Uncommon,  with  JPota- 
mogeton. 


VorticeUa  hamaia  rEhr.)  is  jprohMy 
another  species,  and  iaenticalwith  F.  m- 
cUnanSy  which  Dujardin  numbers  among 
the  Scvphidia, 

Sc.  umacina  (Lachmann)  =  VorOeeBa 
limacifui  (Miill.)  (xxix.  3). — ^Body  neariv 
cylindrical,  tapering  a  little  at  each  end, 
and  annulated ;  penstom  narrow  and  not 
turned  backwards;  ciliary  disc  nanow, 
and  furnished  with  a  projecting  umhi- 
licus  in  the  middle ;  the  posterior  tnm- 
cated  surfSace  provided  with  a  thick  pad- 
like margm.  1-240"  to  1-360".  LiwtA 
on  small  species  of  Planorbis, 

Sc.  Physctrum  (Lachmann)  is  lon^ 
and  more  uniformly  cylindrical  than  ue 
preceding,  the  peristom  longer  and  often 
turned  oackwards  (evert^),  and  the 
hinder  margin  thinner  and  shorter. 
Lives  on  the  naked  parts  of  species  of 
Physa. 


Genus  UECEOLARIA.  (Lamark  and  Duj.). — Body  not  ciliated  througlumt, 
contractile,  varying  in  shape  from  hemispherical  or  discoid  to  globular ;  sor- 
rounded  by  a  plane  margin  fringed  with  a  row  of  strong  cilia  planted 
obliquely,  which  makes  a  spiral  turn  inwards  at  the  oral  aperture,  which  is 
also  situated  on  the  margin. 

Vorticellina  of  different  kinds  have  been  mistaken  for  examples  of  this 
genus,  and  Ehrenberg  has  placed  some  of  its  members  among  the  Trichodmce ; 
indeed  the  type  of  Ureeolaria  is  the  Trichodina  Pediculus  of  Ehrenberg. 

Many  species  of  this  genus  are  parasitic  on  fr'eshwater  Mollusca  and  Zoo- 
phytes ;  but  Miiller  mentions  some  found  by  him  in  sea-water. 

There  appear  no  sufficient  grounds  for  instituting  this  genus  when  that 
of  TriehocUna  is  admitted,  as  it  is  by  naturalists  generally. 


Ubceolabia  stellinass  Trichodina  Pe- 
diculus (Ehr.). 

.  U.  ducina^  VoriiceBa  discina  (M.\ — 
Described  by  Midler  as  orbicular,  hol- 
lowed out  above,  convex  beneath  .  .  .  j 


the  border  of  the  disc  ciliated.  In 
sea-water.  Unconmion.  Ehrenberg  has 
treated  this  form  as  identical  with  7W- 
chodina  Pedieuhis,  but,  as  Dujaidin  thinks, 
erroneously.     However,  it  is  impossible 
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accurately  to  decide  what  the  being 
which  Miiller  met  with  is,  fix)m  the  ac- 
coont  he  has  left  us. 

U.  Umadna. — Seedle,  cylindrical,  dia- 
phanous ;  orifice  truncatedi  with  2  or  4 
mdistinct  cilia  (according  to  Miiller),  or, 
as  we  may  presume,  with  a  circlet  of 
cilia  around  the  margin  of  the  wider  ex- 
tremity, and  a  collection  of  cilia  at  the 
naiTower  base,  by  which  the  animal  at- 
taches itself.  Parasitic  on  the  tentacles 
of  Bulla  and  Ftanorbia, 


U.  Dujardinii^  VortieeUa  buraata  and 
V,  utriculata  (Miill.Y — Capsular  or  utri- 
cular in  shape,  bemed  posteriorly,  cili- 
ated on  the  anterior  margin.  Miiller 
distinfi^shed  this  being  under  two  forms, 
one  of  which  he  described  as  having  a 
projecting  papilla  at  the  centre  of  the 
anterior  surface,  capable  of  elongating  it- 
self.    In  sea-water. 

These  species  of  Miiller  appear  to  us 
too  indistinct  to  insist  on  as  independent 
forms. 


Genus  CH^TrOSPrRA  (Lachmann)  (XXXIX.  6,  6).— The  surfiace  gene- 
rally covered  with  dHa,  like  the  genus  Stentor,  from  which  it  is  distin- 
guished by  having  that  part  of  the  parenchyma  of  the  body  which  bears 
the  dhary  spiral  and  the  anus  (which  in  all  the  Stentorinse  lies  on«the  dorsal 
surface  of  tie  body,  close  under  the  ciliary  spiral,  and  not  in  a  common  pit 
with  the  mouth)  drawn  out  into  a  thin  process.  This  process  is  narrow 
and  badllar ;  the  series  of  cilia  commences  at  its  free  extremity,  and  only 
fmraia  a  spiral  when  in  action  by  the  rolling-up  of  the  lamina.  The  process 
bears  the  anus.  The  animalcules  inhabit  a  sheath  or  tube,  of  a  mucilaginous 
or  even  homy  density.  **  It  is  possible  that  the  firee-swimming  Stichotrieha 
seeunda  of  Perty,  wluch  he  arranges  with  the  OxytrichinsB,  is  edlied  to  CJub^ 
totpira ;  his  figure,  however,  is  very  inexact,  and  might  perhaps  represent  a 
Loxodes  or  Amphileptus  Fasciola  ;  and,  as  he  does  not  describe  the  position  of 
the  anus,  which  he  never  figures,  any  more  than  the  contractile  vesicle  and 
the  nucleus,  I  do  not  venture  to  place  his  Stichotrieha  with  the  Stentorinse. 
If  it  should  turn  out  that  it  belongs  to  that  family,  it  must  be  placed  beside 
the  analogous  sheath-inhabiting  Chxstospira,  as  a  genus  not  inhabiting  a 
sheath." 


CasTOSFiRA  MiiUeri  (xxnc.  5,  6). — 
Slender.  The  first  cilia  of  the  series  upon 
the  process  are  somewhat,  but  not  re- 
markably longer  and  stronger  than  the 
rest;  when  roiled  up,  the  ciliated baciUar 
process  forms  more  than  one  turn  of  a 

SiraL  Sheath  fiask-shaped  and  homy, 
itherto  found  only  in  the  open  cells  of 
t<Nrn  leaves  of  Lemna  triseulca,  growing 
in  fresh  water  near  Berlin. 


Ch.  mudcoia, — Enclosing  tube  mucous 
in  consistence;  animalcule  shorter  and 
more  compressed;  the  roUed-up  ciliary 
process  does  not  form  a  complete  turn  of 
a  spiral ;  the  first  cilia  are  considerably 
larger  than  the  rest,  the  first  one  espe- 
cially being  nearly  twice  as  long  as  most 
of  the  others. 


Genus  CCENOMORPHA  (Perty)  (XXVIU.  27-30).— SmaU,  hyaline,  of  a 
bell-like  or  hemispherical  figure,  concave  at  its  truncated  base,  which  has  an 
irregularly  notched  margin,  and  a  tail-like  process  depending  from  it  at  its 
centre.  Rim  of  the  bell  furnished  with  long  cilia.  Except  in  the  absence  of 
the  long  tentacula,  these  beings,  according  to  Perty's  figures,  have  a  general 
resemblance  to  minute  campanulate  Medusce;  or,  otherwise,  they  may  be 
likened  to  miniature  parasols  with  fringed  edges  and  a  short  handle. 

Perty  has  placed  this  genus  in  his  faumily  Urceolarina,  which  is  equivalent 
to  that  called  Stentorina  by  Lachmann.  But,  to  our  miiul,  much  doubt  must 
attach  to  this  assigned  position,  for  not  only  is  there  a  very  great  departure 
liom  the  general  form  of  every  genus  of  Vorticellina,  as  Perty  himself  could 
not  tail  to  remark ;  but,  fix)m  his  figures,  no  characteristic,  no  internal  oi^n- 
iation  appears  to  establish  the  organic  a£3nities  of  these  curious  beings. 
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CosNOMORPHA  Medusula  (xxvm.  27- 
30). — Colourless,  transparenty  with  a 
small  number  of  internal  vesicles  and 
molecules.    Length,  together  with  the 


tail,  1-240"  to  1-190".  It  swims  actiydy 
and  rotates  on  itself^  undergoing  vanoos 
changes  in  outline.  Some  specimens  ex- 
hibit folds  of  the  suifjBce. 


Genus  SPIROCHONA  (Stein)  (XXX.  17-20,  27,  28).— Body  naked,  bat 
having  a  firm  corneous  integument ;  attached  perpendicularly  by  its  base, 
and  quite  motionless ;  of  an  elongated,  flask-like  shape,  with  an  antmor, 
spirally-convoluted,  ftmnel-like  h^  or  peristom.  Posterioily  it  nairowa  to 
a  smaU  base,  whereby  it  is  fixed  either  immediately  or  mediately  by  a  veiy 
short  pedicle.  The  infundibulifoim  spiral  peristom  surmounts  a  oonstrioted 
portion  or  neck.  The  spiral  lamina  forming  the  peristom  terminates  abruptly 
below,  80  as  to  leave  a  cleft,  which  conducts  to  tiie  mouth ;  its  upper  portion 
is  rolled  around  the  longitudinal  axis  of  the  peristom,  and  produces  a  solid 
central  pivot.  The  innermost  turn  of  the  lamma  constitutes  a  funnel,  which 
surmounts  the  whole  peristom,  and  with  the  next  coil  forms  what  Stein  caUs 
the  ^*  spiral  funnel,"  whilst  the  lowest  and  widest  spiral  represents  the  true 
peristom,  homologous  with  the  ciliary  spiral  or  peristom  of  VortueUa*  The 
latter  is  richly  covered  with  dlia,  which  extend  in  less  number  to  the  seoond 
coil.  Internally,  a  digestive  tube  is  seen  to  extend  a  ocmsiderable  distance 
from  the  mouth,  having  a  contractile  vesicle  placed  near  its  termination.  A 
large  nucleus  is  seated  near  the  middle  of  the  animal,  having  a  dear  central 
space  or  nudeolus.  Fission  has  not  been  witnessed ;  but  gemnue  are  fre- 
quently produced,  which,  under  certain  circumstances,  become  encysted,  and, 
as  Stein  believes,  undergo  an  Acinetiform  metamoi^osis  (XXX.  21-28). 
Length  1-750"  to  1-216" ;  breadth  of  largest  1-600", 


SpiBOCHONA^^mmtjpara  (xxx.  17-20). 
—The  above  aescription  applies  spe- 
dally  to  this  form.  Found  on  the  ova- 
capsules  of  Oammarus  and  other  £nto- 
mostraca,  in  fresh  water. 

Sp.  Scheutenii  (xxx.  27,  28)  agrees 
with  the  foregoing  in  size  and  figure ; 
but  the  peristom  is  more  simple,  consist- 
ing of  little  more  than  a  sin^e  coil  of  a 


wide  lamina,  and  has,  besides,  a  series  of 
stiff  -fibrous  processes  fringing  it  on  one 
side.  The  internal  free  of  the  fbnnd  is 
lined  with  cilia  bdow.  Found  on  &to- 
mostraca  in  bracldsh  water  near  Am- 
sterdam by  M.  Scheuten ;  they  are  at- 
tached to  the  long  feathery  Imsdes  of 
the  post-abdominid  fret,  and  not  to  the 
ova-capsules,  like  5.  gemmipara. 


FAMILY  IV.— OPHRYDINA  (VAGINIFERA), 
(XXVII.  10-16;  XXVin.  18-20,  23;  XXX.  29-^.) 

Loricated  poly  gastric  animalcules,  solitary  or  aggregate,  possessing  a  distinct 
alimentary  caned,  a  separate  mouth  and  discharging  orifice,  wbi(£  approxi- 
mate and  terminate  in  the  same  spot.  In  organization  it  resembles  the 
family  Vorticellina ;  in  fact,  continues  Ehrenbeig,  it  indudes  true  Viyr^/odUjt 
or  Stentors,  endosed  in  a  gelatinous,  membranous,  combustible  loriea.  Be- 
sides the  usual  frontal  wreath  of  cilia,  there  is  in  OphrydAum  a  second  wreath 
placed  posteriorly ;  and  Tinlmnus  has  an  elastic  muscular  stalk  or  taiL  Al- 
though, as  Ehrenbeig  tells  us,  the  polygastric  oigans  of  nutrition  can  be 
demonstrated  in  all  the  tiibe  by  using  coloured  food,  it  is  only  in  Ophydmm 
that  an  alimentary  canal  has  been  (Ustinctly  seen.  Longitudinal  division  oi 
the  body  takes  place  within  the  loriea,  which  continues  unaffected.  In 
Ophrydium  transverse  division  has  been  doubtfully  affirmed. 

The  genera  are  disposed  as  follows : — 
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Fomung  Monad-diuten,  through  inoomplete  self-division  of  the  lorioft Ophiydinm. 

'  Body  furnished  with  an  elastic  pedicle  attached  1  rp|n|,-„„„- 
tolorica j  •■•"»'™"""' 

(Lorica  stalUees Vaginicola. 
Lorica  stalked Cothumia. 

Of  the  genera  composing  this  family,  Ophrydium  is  arranged  by  Dujardin 
with  the  Urceolarina,  and  Vagini4x>la  with  the  Vorticellina.  This  author 
writes — 

*•  The  so-called  lorica  of  Ophrydia  (Duj.,  or  Ophryditm)  is  an  amorphous 
gelatinous  investment,  unlike  that  of  Vaginicola,  which  is  a  truly  resistant 
enveloping  membrane.  The  individual  beings  in  the  gelatinous  ball  of 
C^hrydia  are  elongated,  cylindrical,  or  fusiform,  and  capable  of  varying  their 
figure." 

Further,  Dujardin  includes  Tintinnus  and  Corihumia  in  the  genus  Va-- 
ginicola. 

Stein  enumerates  Tintinnus  among  the  genera  of  Ehrenberg's  Ophrydina, 
but  offers  no  account  of  it.  He  rejects  the  distinction,  as  does  Dujardin, 
between  Vaginicola  and  Cothumia,  and  would  transfer  the  whole  of  this 
femily,  so  reduced,  to  Vorticellina,  with  which  its  members  have  the  greatest 
similarity  in  organization.  Perty  adopts  the  the  title  Ophrydina,  but  com- 
prehends under  it  only  the  single  genus  Ophrydium.  Lachmann  rejects 
Tintinnus  from  the  list. 

The  characters  laid  down  by  Ehrenberg,  of  this  family,  are  very  unsatis- 
fiictory.  Its  members  cannot  be  said  to  be  loricated  in  the  same  way  as 
Colepina  or  Euplotina ;  for  in  these  the  lorica  consists  of  a  thickened,  closely- 
adherent  int^^ument,  whilst  in  Ophrydina  the  structure  so  called  is  a  loose 
sheath,  open  at  one  extremity,  which  may  in  some  be  seen  graduaUy  excreted 
from  and  built  up  around  the  animalcule,  which  last,  moreover,  has  a  distinct 
integument  of  its  own.  In  the  Ophrydina,  therefore,  it  is  rightly  called  a 
sheath,  case,  or  tube.  Ophrydium,  indeed,  is  exceptional;  for,  though  it 
secretes  a  large  quantity  of  muco-gelatinous  substance,  it  never  builds  this 
up  around  it  into  a  sheath,  but  merely  sends  into  it  a  long,  tapering,  fibrous 
probngation  from  its  posterior  extremity  to  secure  a  finn  hold,  whilst  its 
body  projects  freely  from  the  mass  (see  Part  I.  p.  282).  Moreover,  it  is 
this  genus  only  that  is  aggregated,  all  the  rest  being  solitary.  These  pecu- 
Uarities  may  be  held  to  justify  Perty  in  erecting  this  genus  into  a  family. 

The  presence  of  numerous  stomachs  and  of  a  distinct  alimentary  canal,  it 
need  only  be  said,  are  details  of  organization  required  by  the  hypothesb  of 
Ehrenbei^,  and  supposed  in  some  instances  to  be  demonstrated  by  feeding 
with  colouring  matters. 

As  Ehrenbei^g  rightly  intimates,  Ophrydina  may  be  briefly  defined  as  Vor- 
ticellina living  in  a  sheath,  instead  of  being  supported  on  a  pedicle.  From 
this  general  definition  Ophrydium  is  necessarily  excluded  as  an  exceptional 
form ;  and  it  becomes,  therefore,  a  matter  of  regret  that  a  family  should  be 
named  frx>m  a  genus  in  no  sort  its  true  type.  Perty  has  invent^  the  name 
"  Taginifera  "  for  a  fEunily  containing  the  two  genera  Vaginicola  and  Co- 
ihumia ;  and  it  is  certainly  preferable  to  Ophrydma,  whether  Ophrydium  be 
comprehended  in  it  or  not. 

Genus  OPHRTDIITM  (XXX.  6, 6).— Lorica  gelatinous ;  animals  clustered, 
in  consequence  of  perfect  self-division  of  the  body,  but  imperfect  of  the 
lorica.     This  circumstance  gives  rise  to  very  peculiar  external  appearances ; 
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for  each  body  veiy  frequentlj  divides  itself,  the  two  portions  separating 
entirely, — the  gehitinous  lorica  forming  only  a  separating  wall.  In  this  manner 
thousands  and  millions  of  connected  animal-cells  are  quickly  formed,  appear- 
ing as  gelatinous  globular  masses  or  balls. 

It  is  a  misapprehension,  on  the  part  of  Ehrenberg,  of  the  actual  phieno- 
mena,  when  he  states  that  the  large  gelatinous  ball  formed  by  the  multipU- 
cation  of  Ophrydia  is  the  result  of  imperfect  fission  of  the  lorica ;  for,  as  we 
have  pointed  out,  the  animalcules  have  no  lorica  or  sheath  in  the  sense 
Ehrenberg  intended,  but  are  merely  attached  by  a  sort  of  non-contractile 
stalk  penetrating  far  in  the  interior,  upon  the  sur&ce  of  the  gelatinous  mass. 
When  fully  contracted,  indeed,  it  is  drawn  down  upon  and  slightly  presKs 
into  the  soft  mass,  raising  this  as  a  rim  around  it ;  oonsequently  it  is  also  an 
error  to  say  that  the  mass  is  composed  of  numberless  little  cells,  seeing  that 
nothing  like  a  cell  is  constructed  around  the  animalcules.  Stein  found  within 
the  interior  of  the  gelatinous  mass  numei'ous  intertwining  and  twisted  fibres, 
which  he  concluded  were  v^etable  parasites,  probably  of  the  family  Lepto- 
mitae.  Agardh  and  other  botanists  have  described  the  gelatinous  balls  of 
Opkrydium  as  a  species  of  Nostochinese,  under  the  name  of  NoHoc  pnmi- 
forme  ;  but  this  is  a  great  mistake,  for  no  cellular  or  proper  vegetable  struc- 
ture is  present. 

Stein  has  added  to  the  vaginated  Vorticellina,  or  the  Ophrydina,  the  genus 
Lagenophrys ;  and  Dr.  Wright  {Edin,  New  PhU,  Joum.  1858)  the  interesting 
genus  Lagotia. 


Ophbyditm  versatile  {Trichoda  inqm- 
Una  et  VortieeUa  versoHlis,  M.)  (xxm.  5, 
6). — Body  fusiform,  tapering  to  a  fine 
extremity  from  behind  the  middle,  and 
anterior  to  it  contracted  into  a  cylin- 
drical neck,  supporting  a  funnel-shaped 
head  surmounted  by  an  annular  peristom 
with  a  ciliated  rotary  disc.  The  mouth 
opens  into  a  narrow  and  long  ciliated 
oesophagus.  The  contractile  vesicle  is 
seated  near  its  end ;  the  nucleus  is  long, 
narrow,  and  twisted.  The  external  sur- 
face is  thrown  into  close  annular  folds ; 
and  usually  three  longitudinal  plaits  ex- 
tend from  the  posterior  end  as  far  as  the 
middle  of  the  body,  which  disappear 


becomes  oval  or  globular.  Flsnon  is 
only  lon^tudinal ;  when  an  Of^rydwm 
quits  its  hold  after  fission,  it  swuns  awar 
by  means  of  a  temporarily  developed 
posterior  wreath  of  cina,  just  like  a  For- 
ticella.  It  is  found  encysted,  and,  Stdn 
believes,  in  an  Acinetifonn  phase  (xxx. 
7,  8).  Vividlv  green,  and  associated  ii 
smooth  and  globular  dusters  ex  masBea, 
which  vary  in  size  from  a  pea  to  a  ball 
^YQ  inches  in  diameter;  they  are  either 
free  or  attached.  Ehrenberff  states  that 
in  May  1837,  he  saw  hundreds  of  clusters 
as  large  as  the  fist,  which,  by  the  evdu- 
tion  of  gas,  were  at  intervals  elevated  to 
the  sumce,  and  driven  by  the  wind  to 


when  the  body  contracts.  A  subjacent  |  the  edge  or  the  water.  In  sea-water; 
cortical  lamina  is  evident,  and,  imliedded  i  also  found  by  Brightwell  in  freeh  water, 
within  this,  numerous  chlorophyll  utri-  I  and  in  a  small  turf-pit^  upon  tendrils  of 
cles,  giving  the  animal  a  vivid  green  roots  of  marsh-plants,  ana  the  stalks  of 
colour.  When  contracted,  the  body  as-  !  the  white  water-lily.  Length  of  single 
Rumes  the  form  of  a  long-necked  flask,  j  animalcule  stretched  out,  1-1^'  to 
and  even  the  nucleus  shortens  itself.  '  1-90". 
In  more  complete  contraction  the  figure  | 

Genus  TINTINNUS. — Ophrydina  which  possess  divisibility  of  the  body, 
but  not  of  the  urceolate  lorica ;  the  body  is  attached  to  the  interior  of  the 
sheath  by  a  fiexible  pedicle  (somewhat  similar  to  the  clapper  of  a  bdl) ;  the 
mouth  serves  both  as  a  receiving  and  discharging  orifice ;  stomach-cdk  and 
traces  of  a  yellowish  ova-cluster  are  more  or  less  visible ;  self-division  was 
known  to  Miiller. 

Tinttnnus,  as  before  noted,  is  a  genus  not  admitted  by  Dnjardin ;  Perty 
likewise  ignores  it ;  and  Lachmann  (A,  N,  H,  1857,  p.  119)  feels  the  necessity 
of  excluding  it  from  Vorticellina  (using  this  term  in  a  wider  sense,  so  as  to 
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include  Ophrydina),  since  it  is  ciliated  all  round,  and  differs  greatly  from  them 
in  the  form  of  its  alimentary  apparatus.  Moreover,  a  species  inhabiting  a 
gelatinous  sheath  occurs  in  the  freshwater  ponds  in  the  Thiergarten  at  Berlin. 

Tunrmifva   mqtdUmis,  —  Hyaline    or    drical,  hyaline,  indistinctly  annular  f  ra- 
yeUowish ;  lorica  cylindrical,  glass-like,    ther  attenuate  and  truncate  posteriorly. 
bell-ahaped.    1-570",  with  stafc  1-240".    1-440".    In  the  Baltic. 
In  jea-water,  on  Alged.  T.CampawM/a.—Hyidine;  sheath  widely 

campanulate,  dilated  in  front,  pointed 
behind.  1-290".  In  North  Sea  and 
Baltic. 

T.  denticuhUus.  —  Sheath  cylindrical, 
hyaline,  sculptured  with  oblique  rows  of 
dots,  front  margin  acutely  dentate ;  pos- 
terior extremity  pointei  1-220".  In 
the  North  Sea. 


T.  mbulatus  (  Vortwella  vamnata,  M.). — 
Hyaline ;  sheath  conical,  with  a  posterior 
subulate  elongation.  Ehrenberg  obseryes 
that,  if  this  elongation  of  the  lorica  were 
called  a  stalk,  we  shoidd  require  a  new 
generic  name  for  the  animalcule.  Length 
of  lorica  1-90". 

T.  CGthurma, — ^Hyaline ;  sheath  cylin- 


Genus  YAGINICOLA  (XXYII.  10,  11 ;  XXVIH.  18,  19).— Neither  the 
body  nor  the  lorica  stalked ;  a  wreath  of  dlia  surrounds  the  truncated  front 
portion^  within  which  is  the  orifice  or  mouth.  The  polygastrie  apparatus, 
the  passage  of  the  food  onwards,  its  return,  and  the  exit  of  the  refuse  near 
the  mouth,  and  coloured  ova-granules,  are  mentioned  by  Ehrenberg.  In- 
crease by  longitudinal  self-division  of  the  body  (not  of  the  lorica)  has  been 
seen  in  all  the  species. 

To  the  above  account  must  be  added,  according  to  Stein's  observations, 
that  the  body  of  Vaginicola  has  in  front  a  peristom,  from  out  of  which  a 
"  rotary  apparatus  "  protrudes,  consisting  of  a  ciliated  disc,  supported  on  a 
stout  stem  or  pedicle,  just  like  that  of  Vortical  la.  A  mouth  opens  on  one 
side  of  the  disc,  and  leads  into  an  oesophagus ;  but  no  polygastrie  structure,  as 
sormised  by  Ehrenberg,  is  visible,  although  numerous  alimentary  vacuoles 
are  usually  present.  Ova-granules,  again,  are  merely  hypothetical,  and,  as 
in  other  Inftisoria,  where  mentioned  by  Ehrenberg,  represent  particles  of 
various  kinds,  but  mostly  coloured  granules.  In  a  new  species  noted  by 
Dr.  Wright,  the  tubular  sheath  has  a  peculiar  structure  in  the  form  of  a 
valve,  which  closes  over  the  animalcule  when  it  retreats  to  the  bottom  of  its 
case  (XXVni.  18,  19). 

In  all  the  particulars  of  internal  organization,  Vaginicola  resembles  Vorti- 
alia.  Propagation  by  fission  and  gemmation  is  very  distinct ;  by  the  former 
process  more  common  (XXVII.  10,  11).  The  development  of  the  bud  takes 
place  frt>m  the  base  of  the  parent,  and  within  its  sheath.  The  young  being, 
produced  by  either  process,  is  fiimished,  as  in  Vorticella,  with  a  posterior 
wreath  of  cilia,  whilst  it  is  endowed  with  free  locomotion  (XXVII.  11).  It 
frequently  happens,  as  represented  in  the  last-quoted  figure,  that  the  young 
being  assumes  on  its  formation  a  contracted  ovoid  form,  with  its  frontal  wreath 
retracted.  Upon  the  appearance  of  the  posterior  whorl  of  cilia,  and  aided  by 
its  movements,  the  animal  loosens  itself,  escapes  from  the  parent-case,  and 
swims  fi-eely  away,  elongating  itself,  it  may  be,  if  previously  contracted,  and 
assuming  finally  all  the  characters  of  a  perfect  Vaginicola^  by  developing 
around  it  its  own  special  sheath. 

On  the  other  hand,  the  contracted  individual  may  become  actually  encased 
within  its  int^fument  (in  other  words,  encysted),  and,  as  Stein  believes, 
may  thereupon  assume  all  the  characters  of  an  Acineta,  and  eventually  give 
birth  to  a  ciliated  embryo  (XXVII.  11-15).  This  metamorphosis,  however, 
is  not  generally  accepted.  The  specific  characters  in  this  genus  are  for  the 
most  part  deduced  from  the  figure  and  dimensions  of  the  external  sheath  or 
lorica  (Ehr.),  and  must,  therefore,  as  Stein  points  out,  be  admitted  with  much 
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reservation ;  for  this  envelope  changes  greatly  in  fignre,  in  size,  and  stmetoie, 
according  to  the  age  and  the  different  vital  conditions  under  which  the  animal 
lives.  Stein  met  with  one  example  in  which  a  short  pedicle  attached  the 
Vaginicola  crystallina  to  the  bottom  of  its  sheath :  indeed  he  does  not  admit 
Cothumia  and  Vaginicola  to  be  genericaUy  distinct ;  for  the  stems  saj^orting 
the  sheath  of  the  former  are,  he  says,  not  generally  longer  than  those  bdong* 
ing  to  young  VaginiMke,     In  this  point  iierefore  he  agrees  with  Dajardin. 

We  have  observed  how  close  the  resemblance  is  between  Vorticdla  and 
Vaginicola ;  on  the  other  hand,  the  points  of  separation  are  found  in  the 
absence  of  a  pedicle  in  the  latter,  which  is  fixed  to  the  bottom  of  a  sheath  by 
its  posterior  extremity,  its  anterior  remaining  free,  and  its  whole  body 
capable  of  extension  or  retraction  within  the  orifice  of  its  case.  Lastly,  the 
figure  of  the  body  is  much  more  elongated  in  Vaginicola  than  in  VorUodla. 


Vaginicola  crystallina  (Vorttcella 
stentorea  et  Trichoda  tngenitOf  M.)  (xxvn. 
10,  11). — Sheath  crystalline,  straight, 
pitcher-shaped,  slightly  contracted  near 
the  open  end ;  granides  green.  Length 
of  lonca  1-210".    Upon  l,emna,  Sec 

V.  Uncta, — Sheath  brownish-yellow, 
urceolate,  and  nearly  cylindrical;  body 
hyaline.  Length  of  lorica  1-280".  Upon 
Zygnema  decimum, 

V.  decumbens. — Sheath  brownish  yel- 
low, oval  and  compressed,  decumbent  on 
one  side,  which  is  flattened ;  the  body 
hyaline.    Length  of  lorica  1-280". 

Stein  corrects  this  description  bv 
stating  that  the  oval  plano-convex  sheatn 
has  not  a  simple  crescentic  opening, 
but  ifl  contracted  so  as  to  form  a  short 
tubular  neck,  or  projecting  process,  with 
a  transversely  oval  or  reniiorm  mouth. 
It  has  consequently  the  closest  resem- 
blance to  the  sheath  of  Lagenophrya  Am- 
puUa ;  but  its  orifice  is  rigid,  and  not  con- 
tractile as  in  the  latter,  and,  further, 
the  animalcule  is  not  affixed  to  its  mar- 
gin, but  to  the  bottom.  On  Lemna, 
Zygnema^  &c. 

V.  vakata  (Wright)  (xxvm.  18,  19). 
— ^Distinguished  firom  V  crystallina  by 
the  remarkable  valve  existing  in  its  case 
or  sheath — which  closes,  in  an  inclined 
position,  over  the  animal  when  it  retreats 
to  the  Dottom  of  its  case  j  by  the  body 
being  coloiurless,  without  tiie  ereen  ^lo- 
bides  seen  in  V,  crystallina ;  and  by  being 
an  inhabitant  of  sea-water  instead  of 
fresh.  Plentiful  on  zoophytes  and  sea- 
weeds. 

V.  vagmata. — ^Under  the  name  Vorti- 
ceUa  vaginata,  Miiller  described  a  Vagi' 
nicola  found  in  the  Baltic,  having  a  deli- 
cate pedicle  as  long  as  the  body,  which 
is  supported  by  it,  at  the  upper  end  of  a 
sheath  six  times  longer  than  itself,  into 
the  orifice  of  which  it  can  with  difficulty 
enter. 


V.  peAmculata  (Eichwald).  — Body 
attached  to  the  bottom  of  the  sheath  1^ 
a  short  stem.  This  presumed  species  is 
actually  nothing  more  than  a  variety  of 
F.  crystalHtia,  as  Stein  has  shown. 

V.  AmpuUa, — ^Midler  described  this  as 
larger  than  most  animalcules,  as  dwelling 
in  a  bottle-shaped  sheath,  as  very  con- 
tractile, grey^  and  soft^  and  as  occupyinfir 
variousposTtions  within  the  case.  Found 
in  the  Baltic,  and,  by  Mr.  Brightwell,  at 
Lowestoft.  T>Tyfx\ttht{Edin.FhilJwnL 
1858,  p.  6)  says  it  nas  a  bOobed  ciliated 
organ,  ana  so  far  resembles  Lagaiia, 

V.  omta  (Duj.). — Body  of  a  lengthoied 
ovoid  figure,  placed  in  an  urceolate  caaeb 
Length  of  body  1-1000",  of  case  1-550^. 
Apparently  distinct  from  V,  erysiaiknm^ 
On  Zygnema  in  pond-water. 

V. ?  (brightwell)  (xn.  7m.— 

Body  double,  of  a  green  colour,  fto- 
bably  undescribed.  On  duck-weed  and 
other  small  aquatic  plants.  It  is  dodbt- 
ful  whether  this  being  is  otiier  than  a 
Vaginicola  in  process  of  spontaneoos 
fission. 

V.  grandis  (Perty).— Sheath  cylindri- 
cal. Animals  with  a  circular  ciliated 
opening.  Length  of  tube  1-108",  of  tJie 
extended  animal  1-84".  Stein  considen 
this  species  a  mere  variety  of  Fl  erv- 
stallina ;  but  besides  difiering  from  it  m 
size,  it  does  so  also  in  the  ngure  of  its 
sheath,  which  is  not  roundedbelow,  but 
abruptly  truncate,  and  not  narrower 
above,  but  rather  wider.  Animalcules 
hvaline,  often  filled  witii  sporozoids  and 
chlorophyll  granules;  when  contFMted 
it  does  not  occupy  more  than  a  third  of 
the  tubular  sheatn.  Among  water-plaoto. 
Uncommon. 

The  figure  of  this  species  jjreseoted  by 
Perty  is  very  rude,  conveying  not  the 
slightest  conception  of  tiiedetailfl  of 
external  structure  or  of  internal  organ- 
ization. 
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Genus  COTHURNIA  (XXX.  12-16).— Lorica  (sheath)  urceolate,  and  sup- 
ported on  a  rigid  pedicle.  A  wreath  of  cilia  is  placed  upon  the  flat  frontal 
region ;  and  the  mouth,  with  the  anal  opening,  lies  on  one  side,  within  the 
vestibulum.  The  body  is  contractile,  and  can  withdraw  itself  within  the 
stiff  sheath ;  fission  longitudinal. 

It  is  unnecessary  to  enlaige  on  the  structural  details  of  this  genus,  inas- 
much as  they  are  in  all  particulars  like  those  of  Vaginicola,  from  which  it  is 
separated  onij  by  its  sheath  being  stalked* 


CoTHUBNiA  imberbis  (VordceSa foUi' 
culata,  M.). — Pedicle  mostly  bent  and 
much  shorter  than  the  sheath,  which 
has,  when  old,  a  yellowish  colour. 
Sheath  tubular,  narrowed  anteriorly, 
without  an  everted  margin.  Even  when 
outstretched,  the  animal  extends  little 
beyond  the  mouth  of  the  sheath;  its 
peristom  is  scarcely  appreciably  thick- 
eoed,  and  not  everted  at  all ;  it  is  evi- 
dently dilated.  The  disc  of  the  simple 
rotaiy  organ  is  level  on  its  surface,  and 
scarcelv  rises  above  the  sheath.  Diges- 
ti?e  tube  long  and  narrow,  extends  be- 
yond the  centre  of  the  body,  and  near 
Its  commencement  has  from  3  to  4  lonff 
cUia.  Near  to  it^  on  one  side,  is  a  round 
contractile  veeicle,  and  on  the  other  a 
shorty  band-like  nucleus,  almost  straight 
or  slightly  reniform  in  figure.  Longi- 
tudinal fission  frequently  observed,  and 
sufficiently  often  the  process  of  gemma- 
tion at  the  base.  Length  of  sheath  1-288" 
to  1-240". 

Ehrenbeig  remarks, ''  This  animalcule 
bad  often  swallowed  green  Monads,  and 
Tet  accepted  indigo.  Tnchodina  vorctx 
IS  the  enemy  of  this  species.''  Upon 
Cy^  quadrieonds.    Length  of  sheath 

C.  mariUma,  —  Pedicle  much  shorter 
than  the  hyaline  sheath;  body  hvaline 
and  whitish.    Length  of  sheath  1-^70". 

C.  maritima  is  veiy  closely  allied  to 
Vagmicola  aytUUkna :  not  the  least  dif- 
ference between  the  animals  themselves 
is  perceptible,  and  the  figure  of  the 
Aheath  is  the  same, — the  only  essential 
difference  being  that  in  the  Cotkwmia 
the  sheath  is  supported  on  a  thin,  solid 
stem,  1-48"  to  1-36"  m  diameter  and 
of  a  len^  equal  to  its  own. 

C.  Httvmensis. — Pedicle  much  loi^r 
than  the  hyaline  sheath ;  body  whitish. 
Length  without  stalk  1-280". 

C.  SuboidH  (Stein)  (xxx.  18,  14).— 
Sheath  stalked ;  stalk  shorty  thick,  colour- 
less, transversely  and  deeply  wrinkled, 
and  thickened  it  its  junction  with  the 
sheath.  Thelastiscampanulate,8tron^y 
t'ompnased  in  front,  dilated  and  beUied 
oat  posteriorly,  especially  on  the  dorsal 


aspect.  The  two  angles  in  front  are  ex- 
tended upwards  and  outwards,  but  at  the 
same  time  curved  inwards  at  their  ex- 
tremities as  two  horns.  The  walls  of 
the  sheath  are  at  first  soft,  coloiurless, 
and  hyaline,  but  subsequently  become 
yellow  and  leathery,  and  at  last  of  a 
more  or  leas  deep  rusty  brown  colour, 
and  of  a  corneous  consistence.  The 
colourless  and,  with  reference  to  the 
sheath,  small  contained  animal  is  cylin- 
drical in  figure,  contracted  behind,  and 
very  similar  to  that  of  Vaginicola  crystal- 
Una,  Its  peristom  forms  an  ftnimUr 
thick  border,  and  is  beset  with  few  cilia. 
The  digestive  tube,  which  extends  to 
nearly  tne  centre  of  the  body,  has  close 
to  it  tho  contractile  vesicle,  and  a  little 
further  behind,  the  thick,  short  band-like 
and  semicircular  nucleus,  visible  without 
the  use  of  chemical  reagents.  Multipli- 
cation takes  place  by  longitudinal  fission. 
Length  of  largest  sheauis  1-100".  On 
the  umbs  and  other  parts  of  £ntomos- 
traca;  very  abundantly. 

C.  Astaci  (Stein^  (xxx.  15V— Sheath 
supported  on  a  snort,  wrinkled,  thick 
pedicle;  having  itself  a  tubular  figure, 
rather  contracted  at  the  middle,  and  its 
border  widened  and  everted,  wnilst  its 
posterior  half  is  slightly  ventricose  and 
rounded  at  its  extremity.  Its  consist- 
ence is  leathery  or  homy  when  old ;  it 
is  transparent  and  of  a  pale  yellow  colour, 
but  never  a  rusty  brown.  When  fully 
outstretched,  the  animal  protrudes  a  con- 
siderable distance  beyond  the  mouth  of 
the  sheath^  difiering  in  this  respect,  as 
well  as  bv  its  thick  annular  peristom  and 
its  cylindrical  outline,  from  Cothumia 
imberbis.  The  digestive  tube  attains  the 
middle  of  the  animal,  is  very  narrow, 
and  has  both  the  contractile  vesicle 
and  the  short  band-like  nucleus  placed 
near  its  terminatioiL  Fission  islongi- 
tudinaL 

Old  specimens  attain  a  height  of 
1-288",  and  a  width  of  1-600".  Also 
found  on  Entomostraca.  It  is  very  closely 
allied  to  C.  imberbis;  but,  besides  the 
difierences  noted  between  the  animal- 
cules, the  stem  of  the  latter  is  relatively 
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thinner,  the  posterior  extremity  of  the 
sheath  pointed,  and  the  antenor  con- 
tracted. 

C.  curva  (Stein)  (xxx.  12)  resembles 
generally  a  contorted  specimen  of  C. 
Astdci)  but  old  specimens  have  rusty- 
red-coloured  sheaths.  The  pedicle  of 
the  sheath  is  always  curved ;  the  anterior 
third  of  the  sheath  is  bent  outwards,  and 
the  posterior  half  ventricose,  particularly 
on  tne  dorsal  surface.  The  oending  to 
one  side  causes  the  mouth  of  the  sheath 
to  be  oblique.  The  Contained  animal- 
cule agrees  generally  with  that  of  the 
two  preceding  species.  Length  of  sheath 
1-360".  Upon  the  ova-lappets  of  Ento- 
mostraca. 

Stein  doubts  the  independence  of  this 
species;  for,  besides  being  imperfectly 
oDserved  by  Ehrenberg,  it  is  exceptional 


in  the  animalcule  not  being  fixed  at  the 
bottom  of  the  sheath. 

C.  Pupa  (Eichwald). 

C.  perlepida  (BaileyJ. — ^Apex  of  sheath 
attenuated^  slightly  curved ;  surfiice  en- 
tirely covered  with  spirally  decussating 
rows  of  hexagonal  cells ;  orifice  crenulate. 
Contained  animal  unknown.  StC^eoree^s 
Bank  and  New  Haven  Haibour,  New 
York. 

C.  Floscuiaria  (Perty). — Hyaline ;  Uie 
cilia  of  frontal  segment  collected  in  two 
groups,  recalling  thereby  the  aspect  of 
the  ciHaiy  apparatus  of  a  Fto9Cidariik. 
Sheath  of  the  same  form  as  that  of  C.  im- 
herhk.  The  animal  lives  much  in  a  con- 
tracted state  within  its  sheath,  and  ex- 
tends itself  very  slowly :  on  the  contrary, 
the  act  of  contraction  is  rapid.  1-260^. 
Among  CatUtrichtt, 


Genus  LAGENOPHRYS  (Stein)  (XXX.  29^6).— Sheathed  Torticellina, 
differing  especially  from  Coihurma  and  Vaginicola  by  the  zooids  being  at- 
tached to  the  circumference  of  the  mouth  of  the  sheath,  and  freely  dependent 
from  it,  instead  of  being  afilxed  to  the  bottom  as  in  those  genera.  The 
sheath  itself  is  without  pedicle,  and  adheres  to  foreign  bodies  by  one  side,  as 
does  that  of  Vaginicola  decumbens :  this  side  is  flattened,  and  may  be  refened 
to  as  the  abdominal  surface.  The  opposite  side,  or  the  back,  is  strongly 
vaulted.  The  mouth  of  the  sheath  is  very  much  narrowed,  and  ftimiahed  with 
a  prominent,  flexible,  double  lip,  which  can  be  closed  when  the  contained  ani- 
malcule contracts  itself.  This  last  is  closely  adherent  by  its  peristom  within 
the  margin  of  the  orifice  of  the  sheath,  and  has  generally  the  same  figure 
as  the  sheath,  but  not  the  same  dimensions ;  hence  it  lies  loosely  within  it 
The  mouth  of  the  sheath  and  the  peristom  are  of  equal  diameter ;  and  through 
them  a  long  stalked  rotary  organ  projects,  terminated  by  a  circular  ciliazy 
disc.  When  the  animal  contracts,  the  rotary  apparatus  is  withdrawn,  the 
peristom  closes  like  a  sphincter,  and  the  two-lipped  mouth  of  the  sheatii  by 
its  closure  completes  the  security  of  the  whole  being.  Reproduction  takes 
place  by  oblique  fission  and  by  gemmation. 

Lagenophrys  vaginicola  (xxx.  29- 
86).— Sheath  elongated  cordate ;  in  the 
centre  of  its  broader  and  truncate  end  is 
the  circular  orifice,  having  two  semi- 
circular, prominent,  valvular  processes, 
which  collapse  together  when  the  con- 
tained animalcule  contracts  itself  The 
contracted  posterior  extremity  has  a  very 
thick  wall.  The  enclosed  animal  is  ovate, 


and  adherent  by  its  narrow  peristom  to 
the  orifice  of  tne  sheath,  and  leaves  a 
lai»e  interspace  posteriorhr  between  itself 
and  the  enclosii^  wall  of  its  sheath,  ex- 
cept when  it  retracts  itself.  The  young 
formed  by  gemmation,  as  well  as  the 
products  of  fission,  can  escape  only  when 
the  parent  being  loosens  its  attachment 
from  the  aperture  of  the  sheath,  and  so 
furnishes  an  outlet.   The  medium  length 


of  sheath  is  l-ddCy';  the  greatest  width 
1-640".     On  Cydopsina  stapkyHna. 

L.  An^mQa,  —  Sheath  reeemUes  a 
plano-convex  circular  lens,  except  in 
naving  an  anterior  projecting  everted 
rim  around  the  oral  orifice.  The  ani- 
malcule has  the  same  figure  as  the 
sheath,  and  an  internal  or^^anization  like 
that  of  the  preceding  species.  Diameter 
from  1-486"  to  1-S60".  On  aqiatic 
animals,  Entomoetraca,  and  the  like. 

L.  NasscL — Verv  simOar  in  figure  and 
size  to  L,  AmpuHoj  but  has  a  difierent 
profile  or  lateral  outline.  The  aheatii, 
although  nearly  sphericaL  is  plano- 
convex, somewhat  tnmcate  m  front,  and 
emarginate  on  the  upper  saiftu»,  as  is 
best  seen  in  profile.  The  month  of  the 
sheath  is  prolonged  as  a  cylindrical,  two- 
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lipped  procesByCi^pi^e  of  beinff  retracted,  l 
Ib  more  rare  than  X.  An^niUa,ovLt,  like  it,  { 


occurs  on  Oammarus  and  other  aquatic 
animals. 


Genus  LAGOTIA  (Wright)  (XXVIU.  20-23;  XXXI.  7,  8).— Sheath  or 
case  retort-shaped,  with  a  cylindrical  neck,  plain  or  annulated ;  colourless, 
yellowish,  or  dark  green ;  body  long,  cylinchical,  attached  by  its  posterior 
end  to  the  bottom  of  the  case,  terminated  anteriorly  by  a  forked  (furcate) 
head,  or  two  long,  flattened  ciliated  processes,  between  which  is  the  opening 
of  the  oral  cayity,  which  extends  backward  into  the  body  as  a  tapering 
oasophagos,  ciliated  on  its  free  surface.  The  green  colour  of  the  body  in 
L,  viridis  is  not  due  to  dispersed  globules,  but  to  a  staining  of  the  sarcode 
itself.  Longitudinal  fission  has  not  been  seen ;  but  development  by  a  &ee 
ciliated  embryo,  very  unlike  the  parent,  has  been  observed  in  L,  producta, 

Lagotia  viridi8  (xxvin.  20-23). — 
Case  resembles  a  flask  or  amphora  lying 
on  its  side,  having  the  neck  bent  more 
or  less  sharply  upwards,  and  dilated  into 
a  trampet-sliaped  mouth.  Its  colour  is 
dark  sea-green,  in  the  larger  specimens 
nearly  opake.  Animalcule  green,  cylin- 
drioal;  Its  ciliated  oivan,  when  seen  in 
front  and  erect  {L  28],  appears  like  a 
narrow  horseshoe  ;  whilst  trom  the  side 
(t  21)  the  anterior  extremity  of  the  ani- 
malcule bears  a  resemblance  to  the  head 
and  ears  of  a  hare— a  likeness  increased 
by  the  wagging  movements  of  the  long 
processes,  in  young  specimens  the  lobes 
of  the  furcate  process  are  blunt  and 
short,  and  the  ciliary  band,  along  which 
the  cilia  are  arranged,  is  placed  at  a  little 
distance  from  their  margin  (f.  20),  instead 
of  being  close  to  it  (f.  22).  Plentiful  on 
marine  shells  and  AJgce,  Firth  of  Forth 
and  Tynemouth.  Embryonic  develop- 
ment has  been  detected  by  Dr.  Wrignt 
in  this  species. 

L.  hyaUna. — Colourless ;  lobes  of  cili- 
ated organ  wider  and  blunter  than  those 
of  X.  vu^idis ;  cell  buried  in  the  substance 
of  the  shell  otAlcyomdium  hirsuium,  and 
therefore  not  seen.  Granton  and  Queens- 
ferry. 

FAMILY  v.— ENCHELIA. 

Animalcules  having  a  distinct  alimentary  canal,  with  an  oral  and  an  anal 
orifice  at  the  opposite  ends  of  the  body ;  without  lorica.  Locomotion  effected 
by  vibratile  cUia  in  all  the  genera  except  three,  viz.  Actimphrys,  Tricho- 
diseus,  and  Podophrya,  in  which  it  is  performed  by  slow-moving  feelers  (ten- 
tacles). In  all  but  these  exceptional  genera,  organs  of  nutrition  have  been 
demonstrated  by  the  employment  of  coloured  food ;  but  only  in  one  has  the 
entire  course  of  an  alimentary  canal  been  traced,  though  in  most  its  transit 
through  the  body  is  indicated  by  its  discharge  through  the  posterior  outlet. 
Ehrenberg  states  that  the  polygastric  structure  is  to  be  seen  in  all  the  genera 
except  the  Arabian  genus  DUoma,  A  nucleus  and  vesicle  are  generally  present. 
Complete  self-division,  both  longitudinal  and  transverse,  has  been  observed ; 
but  not  gemmation.  The  most  curious  animalcules  among  them  are  the 
double-bodied  Disonui  and  the  teeth-bearing  Prorodon, 


L.  atro-purpurea, — Colour  of 
that  of  a  mixture  of  ink  and  water.  Cell 
yellowish-brown.  Probably  a  variety  in 
colour  of  L.  vindisf  with  which  it  was 
found. 

L.  producta  (xxxi.  7-13)  (Dr.  Wright 
in  lit.). — ^Neck  of  sheath  exceedingly  pro- 
longed, annulated ;  sheath  of  a  pale  yel- 
low-brown colour.  Animalcule  (sooid) 
two  or  three  times  the  length  of  the 
sheath,  attenuated ;  ciliated  lobes  erect, 
diver^nt.  and  recurved  at  tips;  colour 
of  zooid  aeep  blackish  green. 

Dr.  Wright  observed  the  development 
in  this  species  of  ciliated  embryos,  which, 
after  nassing  through  the  stages  seen  in 
figs.  9  and  ll  (xxxi.),  and  carrying  on 
an  active  existence  as  free  ciliated  ani- 
malcules, form  an  attachment  to  some 
sur&ce  and  proceed  to  develope  a  sheath 
and  the  characteristic  ciliary  lobes.  The 
transformation  from  ciliated  embryos  to 
Lagotia  transpired  in  the  course  of  a 
night, — the  sheath  even,  during  that 
time,  being  completed  with  its  rings.  The 
above  fact  constitutes  an  interesting  ad- 
dition to  the  illustrations  of  embryonic 
development  among  Ciliata,  quoted  in 
the  section  on  that  subject  (p.  358). 
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Tho  genera  are  distributed  as  follows : — 

f  f  /"Vibratile       TBodyaimple   Enchelji. 

cilia  at  thej 

mouth    ...  I  Body  double  Diaoma. 


Surface  of 
body  desti- 
tute of  vi-- 
bratile 
dlia    .... 


Direct 
truncated 
mouth 
(no  lip) ... 


Bay-like 
tentacnla 
not    vibra- ' 
tile.... 


StalkkM 


The   body 
yeredwiti 


Oblique 
truncated 
mouth 
V  (with  lip) 


Rays  at  the  edge  Trichodiacoa. 
^Stalked   Podophrya. 

No  neck  Trichoda. 

Withnedc  Lacrymaria. 


Surface     oV 
body    with 
▼ibratile 
cilia    


Oblique  truncated  mouth,  with  lip Leuoophrys. 

Direct  truncated  mouth,  no  lip    Holopbrya. 


Teeth  present Prorodon. 

In  the  arrangement  of  Dnjardin,  and  under  his  fourth  order — comprehend- 
ing "  ciliated  Infusoria  without  a  contractile  integument,  and  with  or  without 
a  mouth  " — a  family  having  a  similar  name,  Enchelina  (Enchelyens,  so- 
called  after  a  genus  Enchelys)  is  instituted.  But,  most  unfortunately  for 
science,  this  family  and  this  genus,  with  respect  to  the  animalcules  they 
include,  in  no  way  correspond  with  the  similarly-named  family  and  genus 
of  Ehrenberg.  This  b  remarked  by  Dnjardin  himself;  and  he  adds,  with 
reference  to  the  genus  Enchelys  (Ehr.),  ttiat,  in  the  whole  coiu-se  of  his  ob- 
servations, he  never  met  with  any  Infusoria  bearing  the  characters  attributed 
by  Ehrenberg  to  that  genus,  and  he  is  led  to  conclude  that  the  beings  intended 
are  Paramecia  with  a  terminal  mouth,  or  else  Bursaria  imperfectly  examined, 
and  the  dlia  of  the  surface  overlooked. 

The  family  Enchelina  is  thus  briefly  characterijsed  by  Dnjardin : — "  Animals 
partially  or  entirely  covered  with  cilia,  dispersed  over  the  surface  irregulaily ; 
mouth  wanting." 

The  family  Cyclidina  (Ehr.)  seems,  indeed,  much  more  nearly  allied  to  the 
Enchdys  of  Dnjardin ;  but  its  characters,  as  given  by  Ehrenberg^  are  not 
sufficiently  definite  to  attempt  an  identification. 

Stein  severely  blames  Dnjardin  for  the  transposition  of  generic  names  he 
has  been  guilty  of  in  the  case  of  this  genus  and  Cydidium ;  for,  as  he  jostlj 
observes,  it  is  a  proceeding  productive  of  confusion  and  error.  The  Enehelys 
nodulosa,  he  adds,  is  the  Cydidium  Olaucoma  (Ehr.),  and  scarcely  distin- 
guishable from  E.  triqmtra  (l)uj.).  Acomia  Ovulum  seems  nothing  else  than 
Cydidium  Glaucoma,  and  Uronema  marina  another  dosely-allied  form,  and, 
like  Olaucoma  itself,  the  embryo  of  some  other  animalcule.  The  three 
remaining  spedes  of  Ehichelys  enumerated  by  the  French  writer,  viz.  E,  cor^ 
rugata,  E,  subangulata,  and  E,  ovata,  are  so  imperfectly  observed  as  to  be 
worthless,  and  their  union  in  the  same  genus  with  Olaucoma  quite  unwar- 
rantable. 

Yet,  if  Dnjardin  has  proceeded  very  incautiously  in  rejecting  the  En- 
chelia  of  Ehrenberg  and  in  redistributing  its  genera,  no  apologist  of  the 
Berlin  naturalist  would  contend  that  it  should  be  left  as  it  is;  for  ev^ 
person  having  any  acquaintance  with  the  beings  brought  together  as  En- 
cfaeHa  will  be  struck  with  their  heterogeneous  characters.     AcHnophrySy 
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Triehodiseui,  and  Podophrya  belong  evidently  to  a  type  of  beings  altogether 
different  from  the  ciliated  animalcides  included  in  the  family ;  and  we  have 
consequently  treated  them  as  an  entirely  separate  group  from  the  ciliated 
Protozoa  in  our  general  history,  and  have  likewise,  in  the  present  portion 
of  the  work,  given  their  systematic  descriptions  apart.  The  genus  Disoma 
is  a  very  doubtful  member  of  this  family,  and  is  even  marked  as  such  by 
Ehrenberg,  who  had  very  imperfectly  examined  it. 

The  family  EncheHa  does  not  enter  into  the  system  of  Forty,  who  disperses 
its  members  among  different  families  according  to  his  appreciation  of  their 
several  affinities.  Among  the  rest,  his  family  '*  Tapioia"  includes  some  species 
of  Leucophrys  of  Ehrenberg  and  the  genus  Acomia  of  Dujardin,  along  with 
several  newly-constructed  genera,  the  account  of  which  will  be  annexed  to 
this  present  group. 

The  Family  "  Tapinia  "  is  thus  characterized : — 

"  Cilia  scattered  at  large,  or  collected  in  groups,  but  not  arranged  in  rows. 
Animals  mostly  very  smdl.  Mouth  not  apparent,  but  its  presence  revealed 
by  the  admission  of  food."  This  group  includes  the  genera  Acropisthiumj 
Aeomiay  Trichoda  (Buj.),  Leucophrys  (Ehr.  ?),  Cyclidium,  Bceonidium,  Opts- 
Ihxotricha,  Siagontherium,  and  Megatricha, 

Another  allied  family,  called  "  Apionidina,"  contains  a  species  of  Leueo- 
phrys  (Ehr.).  Forty  assigns  it  the  following  characters : — **  Family  Apioni- 
dina :  Body  small,  soft,  thicker  at  one  end  than  tho  other ;  cilia  in  longi^ 
tudinal  rows ;  mouth,  where  visible,  situated  at  the  anterior  end."  The  genera 
comprised  are  Ftyxidium,  Colobidium,  and  Apionidium.  The  fmst-named 
genus  has,  as  its  type,  the  Leucophrys  pyriformis  (Ehr.) ;  but  the  other  two 
are  advanced  as  new  genera,  founded  on  newly-observed  beings. 

Both  in  this  family  (Apionidina)  and  in  that  of  Tapinia,  several  supposed 
new  genera  are  established  by  Forty,  which,  to  render  our  compendium  com- 
plete, we  are  bound  to  notice  and  describe,  although  we  regret  to  record  such 
a  multitude  of  genera  and  names,  as  we  feel  highly  doubtful  of  their  daim  to 
consideration  as  independent  beings. 

Genus  ENCHELYS  (XXVIII.  64,  72,  73).— Vibratile  cilia  upon  surface 
wanting ;  mouth  terminal,  truncated  (direct,  not  oblique),  devoid  of  teeth ; 
surrounded  by  a  wreath  of  cilia.  An  oesophagus  is  not  seen  except  during 
the  passage  odT  food.  An  anus  is  found  in  all,  and  in  E,  Farcimm  a  contractile 
bladder.     SeK-division  is  transverse  and  complete. 

Dujardin  defines  his  genus  Enchelys  as  having  a  cylindrical,  oblong,  or  ovoid 
body,  covered  with  erect  imiform  ciHa,  irregularly  disposed. 

Cohn  (Siebold's  Zettschr.  1851,  B.  iii.  p.  273)  treats  this  genus  as  synony- 
mous with  Enchelys  (Buj.),  and  believes  that  several  of  its  assigned  species 
are  not  independent  animalcules,  but  embryos  of  Loxodes,  Oxytricha,  and 
allied  genera. 

Enchelys  Pupa  (M.)  (xxvm.  72, 73). 
—Turgid,  club-shaped,  attenuated  an- 
terioriy ;  filled  with  greenish  vesicles,  or 
(mly  with  molecules ;  neither  a  nucleus 
nor  a  vesicle  could  be  found  by  Ehren- 
berg. Ehrenberg  has  figiured  (in  his 
lar^  work  of  ISSS)  the  presumed  form 
of  the  polygastric  nutritive  system  of 
this  species  sei>arately,  stating  it  to  be 
remanably  distinct.  Common  in  stag- 
nant bog-water.     1-140". 

E  Fardmen  {E,  Farcimen  et  Vibrio  in- 
tettinumj  M.)  (xxvin.  64,  o-Aj). — Smaller, 


more  cylindrical  and  slender  than  the 
preceding ;  granules  whitish.  These 
creatures  prey  on  other  animalcules 
nearly  as  large  as  themselves,  which 
they  devour  entire;  this  will  account 
for  the  variety  of  forms  which  they 
assume,  and  wnich  require  an  observer 
to  be  very  watchful  and  cautious  before 
he  can  pronounce  on  the  identity  of  a 
species.  Ehrenberg,  by  patient  obser- 
vation, saw  one  individual  undergo  a 
great  variety  of  forms  in  the  act  of 
s\vallowing  a  young  Kolpoda  Cuctdlus ; 
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illustrated  in  fig.  64,  a-k.  In  stagnant 
water.    1-430". 

E.  infuacaia,  —  Oval  or  spherical ; 
whitLsli  J  mouth  not  prominent,  encircled 
by  a  brownish  ring.  When  fed  with 
indigo,  numerous  vacuoles  become  filled. 
In  bog-water.    1-280"  to  1-240". 

E.  nebttlosa  (M.).  —  Ovate,   hyaline; 


mouth  projecting.  This  species  receives 
carmine  and  indigo  very  readily.  1-230" 
to  1-570". 

J5.  nodulosa  (Duj.)  =  CycUdkim  GUtu- 
coma  (Ehr.).  E,  tri^uelra  (Buj.)  is  a 
mere  accidental  variety  of  the  same 
animalcule. 


Genus  BISOMA  (?). — Body  double,  destitute  of  cilia ;  oral  extremity 
truncated  (direct);  mouth  ciliated,  devoid  of  teeth.  Within  the  bodies 
numerous  little  vesicular  cells  (stomachs)  are  observed,  and  the  discharge  of 
excrement  may  be  seen  to  take  place  at  the  posterior  extremity  of  each  body. 

As  already  noticed,  this  is  a  very  imperfectly-examined  and  doubtfid 
genus.  The  being  described  may  be  interpreted  as  one  undergoing  longitu- 
dinal fission  ;  but  there  is  no  one  character  given,  adequate  to  determine  to 
what  family  of  animalcules  it  would  be  referable. 


DisOMA  vacillans  consists  of  two 
clavate  and  filiform  corpuscles,  hyaline, 
and  attenuated  at  the  anterior  extremity. 
Ehrenberg  remarks,  "  Both  bodies  fre- 
quently swam  parallel  beside  each  other, 
and  turned  on  their  long  axis,  moving 


onwards  quickly,  though  in  a  vacillating 
manner;  sometimes  both  bodies  gapea 
widely  apart  from  each  other,  but  never 
so  widely  as  to  form  a  straight  line. 
1-380".    On  Mount  Sinai,  Arabia. 


Genus  TRICHODA. — Body  devoid  (?)  of  hairs  or  cilia;  without  a  con- 
striction or  neck;  mouth  obliquely  tnincated,  destitute  of  teeth,  but  pro- 
vided with  vibratUe  cilia,  and  a  Hp.  Coloured  food  is  received ;  the  anal 
orifice  is  at  the  posterior  extremity.  The  oblique  direction  of  the  mouth 
gives  rise  to  a  very  characteristic  upper-lip-like  projection.  In  T.  Pyrum 
only  has  self-division  been  observed.     All  the  species  are  colourlees. 

In  the  system  of  Dujardin  there  is  both  a  family  Trichodina  and  a  genus 
Trichoda.  Speaking  of  the  relations  between  them  and  the  genus  Trichoda, 
of  Ehrenberg,  he  observes  :  **  M.  Ehrenberg  has  placed  in  his  family  Enchelia 
a  genus  Trichoda,  which  in  part  corresponds  with  ours ;  and  he  has,  besides, 
dispersed  among  Leucaphrys,  Enchelys,  Trachelitis ^  Loxodts,  &c.,  many  Infu- 
soria which  we  have  brought  together  in  this  family  (viz.  Trichodina) ;  but, 
unlike  him,  we  are  unable  to  see  their  digestive  organs." 

The  Trichodina  are  soft,  variable,  flexible  animalcules,  ciliated,  and  have 
either  an  evident  mouth,  or  one  indicated  by  a  varying  arrangement  of  longer 
cilia.  Dujardin  would  have  it  understood  that  this  family  is  only  provisional ; 
to  comprise  a  tribe  of  animals  intermediate  in  organization  between  the 
Enchelina — the  most  simple  of  ciliated — and  the  Keronina,  which  conduct  to 
the  highest  forms  of  infasoHal  life,  having  defined  mouths,  and  an  armature 
of  styles,  hooks,  &c.  The  genera  included  by  Dujardin  in  this  family  are 
Trichodaf  Trachelius,  Acineria,  Pelecida,  and  Dlleptus ;  the  last  two  having  a 
higher  grade  of  organization.     The  first-named  is  thus  described : — 

Genua  Trichoda  (Duj.). — Ovoid-oblong,  or  pyriform,  rather  flexible  ante- 
riorly, with  a  row  of  cilia  directed  backwards,  and  appearing  to  indicate  the 
presence  of  a  mouth.  Their  surface  does  not  appear  reticulated,  or  ciliated  in 
rows,  as  it  is  in  Acomia  and  Enchelys,  The  Trichoda  are  chiefly  found  in 
putrid  infusions  and  in  stale  marsh-water. 

Trichoda  pura  (Koipoda  Pyrum, 
M.).  —  Oblong,  club-shaped,  attenu- 
ate anteriorly ;  mouth  lateral ;  vacu- 
oles small.     Common  in  vegetable  infu- 


sions ;  usually  with  Cycliditifn  Glaucoma. 
1-720". 

This  species  closely  resembles  Xcufo- 
phfys  pynformis,  which    is  somewhat 
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laiger  and  ciliated  throughout.  How- 
ever, the  reality  of  T.  pura  as  a  species 
b  yeiT  doubtful, — ^the  small  size  of  the 
>iuniole8,  the  feature  most  relied  on  by 
Ehrenbeiv  as  distinctive,  being  in  reality 
not  at  all  so,  but  prone  to  great  varia- 
tions,  determined  oy  surrounding  cir- 
cumstances. It  swims  slowly,  revolying 
asitraooeeds. 

T.ificuamomum, — Cylindrical,  extre- 
mities equally  obtuse,  mouth  large,  and 
elongated  laterally.     1-288". 

T.  ovata, — Ovate,  tumd,  attenuated 
anteriorly:   mouth   small   and   lateral. 

T.  (P)  JBihiopica.'-Ohlomi,  attenuated 
posterioily ;  under  side  flat ;  mouth 
Unre.    1-600". 

T.  Asiatica, — Oval,  oblong,  cylindrical, 
rounded  at  both  ends;  mouth  smalL 
l-^aO". 

This  species,  together  with  the  three 
immediately  preceding,  must  be  regarded 
as  doubtful ;  for  tiiey  were  merely  casually 
examined  by  their  discoverer  whilst  tra- 
velling, and  when,  as  we  must  suppose, 


he  had  neither  the  means  of  comparing 
the  beinffs  with  others  akin  to  them, 
nor  very  favourable  opportunities,  in  the 
rou^h  accommodation  of  desert  tra- 
vellmg,  for  careful  microscopic  examina- 
tion. 

T.  Pyrum  (Koipoda  Fi/runi,  M.).— 
Ovate,  turgid,  acute  anteriorly.  Amongst 
Confervae  on  Mount  Sinai.     1-1200". 

A  species  with  this  name  is  also  men- 
tionea  by  Dujardin  as = Koipoda  Pyrum  ? 
(Miiller).  It  is  thus  described : — "  Body 
ovoid,  oblonp,  narrowed  anteriorly,  or 
pyriform;  thicker  in  one  direction  than 
m  the  other;''  and  he  ^oes  on  to  say 
that  this  is  the  same  bemg  as  the  Leu- 
cophrya  carnmm  (Ehr.). 

T.  anyukUa  (Duj.).--Oblong,  obliquely 
and  regularly  plaited  or  angular,  often 
with  one  or  more  superficial  vacuoles. 
1-900". 

T.  Lyncem. — ^The  animalcule  described 
under  tMs  name  is  (says  Cienkowsky) 
probably  no  other  than  the  young  phase 
of  various  Oxytrichaa  and  Stytonychia 
(Siebold,  Zeitsch.  1865,  vol.  vi.  p.  301). 


Genus  LACRYMARIA  (XXIV.  274,  275).— Body  with  a  long  narrow 
neck,  slightly  enlarged  near  the  termination,  where  is  situated  the  ciliated  and 
lateral  (lipped)  mouth,  destitate  of  teeth.  Body  not  ciliated.  Locomotion  is 
performed  by  means  of  the  neck,  the  distensible  body,  and  the  oral  cilia.  The 
probosds-like  lip  is  very  short,  sometimes  distinctly  articulated,  and  projects 
but  little  beyond  the  oral  orifice.  Coloured  food  is  received  by  L,  ProteuSy 
and  its  discharge  may  be  seen  to  take  place  from  the  posterior  extremity  in 
one  species ;  in  another,  green  granules  (ova)  are  present. 

The  genus  Laerymaria  of  Dujardin  agrees  mainly  with  that  just  defined ; 
bat  the  French  author  differs  entirely  from  Ehrenberg,  by  stating  that  the 
Laerymarice  ore  distinctly  ciliated  on  their  surface,  and  that  the  cilia  are 
di^sed  in  r^^ular  series  among  the  reticulations  of  the  integument. 

Dujardiiiy  in  his  notes  on  Laerymaria,  has  some  very  just  observations  on 
the  relation  between  this  genus  and  the  Phialina  and  Trachdoeerca  (Ehr.). 
He  says,  the  species  of  Laerymaria,  which  Ehrenberg  noticed  to  be  generally 
not  cihated  on  the  body,  have  been  classed  by  him  according  to  the  relative 
position  of  the  mouth  and  anus, — some  among  theEnchelia,  others,  aa  Phialina, 
among  the  Trachelia,  and  others  again  in  the  genus  Trachelocerea,  the  type 
of  his  fiBunily  Ophryocercina.  On  this  plan,  Laerymaria  has  the  body  without 
cilia,  prolonged  into  a  narrow  neck,  terminated  by  an  obliquely  truncate  and 
ciliated  mouth,  at  the  opposite  extremity  to  which  is  the  anus;  Phialina 
similar,  except  that  the  neck,  instead  of  bmg  terminated  by  a  simple  enlarge- 
ment, is  notched  on  one  side,  and  the  mouth  therefore  lateral ;  and  Tradie- 
loeerca,  which  he  himself  calls  '^  tailed  Lacymarim,^^  have  a  terminal  mouth, 
and  an  anus  on  one  side  in  advance  of  a  conical  caudiform  prolongation  of  the 
body.  These  distinctions  are  not  borne  out  by  more  critical  investigations, 
and  at  most  are  insufficient  to  establish  generic  characters,  and  still  more 
those  of  higher  groups  or  famihes.  As  the  result  of  these  considerations, 
Dujardin  has  comprehended  all  the  species  distributed  in  the  three  genera 
named  in  one,  viz.  Laerymaria ,  which  he  places  among  the  Paramecina. 
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The  doubt  expressed  oonoeming  the  existence  of  a  month  as  described  by 
Ehrenberg,  has  been  removed  by  later  observations. 

The  variability  of  form  of  which  the  Lacrymarias  are  capable  was  noticed  by 
Baker  and  other  old  observers,  and  suggested  the  appellation  Proteus^  originaDy 
bestowed  on  them.  Forty  has  made  use  of  this  peculiarity  to  constitate  a 
section  of  Ciliated  Protozoa,  which  he  has  named  '<  Metaboliea."  Besides 
Lacrymariay  it  includes  Trachelocerca,  these  two  genera  being  combined  into 
a  family,  "  Ophryocercina."  His  genus  Trachehisrca,  however,  is  not  equi- 
valent to  the  one  so  named  by  Ehrenberg,  since  it  also  comprises  the  species 
of  Phialina  enumerated  by  that  author.  This  employment  of  a  recognized 
systematic  term  with  a  wider  signification  than  that  originally  given  to  it, 
cannot  be  commended ;  and,  as  Forty  makes  no  attempt  to  de&ie  the  diffor- 
ential  characters  between  the  two  genera  as  understood  by  himself,  we  regard 
his  family  Ophryocercina  as  unsatisfeu^ry.  The  PhialitKe  he  oonsideiB  only 
yoimg  or  contracted  examples  of  one  or  other  genus.    (See  Phxauva  and 

TBA.CHELOCEBCA.) 

Lac&yicabia  Protem  {Triehoda  Pro^ 
tew,  M.}  (xxiv.  274, 275).— Oblong,  tur- 
gid, witn  delicate  transverse  folds.  Colour 
varies  from  grey  to  green.  The  neck  is 
capable  of  considerable  extension.  It 
resembles  Trachehcerea  Olori  but  its 
posterior  extremity  is  rounded,  and  has 
at  its  centre  the  discharging  orifice.  Re- 
productive organs  imknown.  Amongst 
Liemnse.    Size  stretched  out  1-140". 

L.  Qutta. — ^Body  smooth  and  nearly 
spherical,  with  a  very  long  neck.  Perty 
discovered  a  tongue-like  process  above 
the  mouth  in  some  examples.  Among 
ConfervflB.  Size  l-llw'j  including 
neck,  1-210". 

L.  rugosa,  —  Nearly  globular,  and 
wrinkled ;  the  neck  or  medium  length ; 
granules  green.  In  swimming,  it  often 
revolves  on  its  long  axis;  neither  cilia 


nor  an  enlargement  is  observable 
the  mouth.     1-570";    including  neck, 
1-288". 

L.  versatiUs  (Dnj.)  (Driehoda  venaUHiy 
M.). — ^Fusiform;  neck  retractile,  ciliated 
beneath,  shorter  than  in  Z.  I^xUem,  whidi 
it  is  further  unlike  by  having  the  body 
pointed  posterioriy,  and  by  living  in  sea- 
water. 

Perty  declares  this  is  not  an  independ- 
ent species,  but  only  the  immature  fonn 
of  Trachelocerca  Ohr  (Ehr.). 

L.  tomaUUi, — ^Neck  retractile,  some- 
times disappearing  entire^,  presentiiig 
then  only  the  cilia  crowning  its  extre- 
mity. 

L.  farcta, — ^Flask-shaped,  with  a  short 
neck.  In  ditch-water  about  Puis. 
1-200". 


Genus  LEUCOFHRYS  (XXIV.  276,  277,  278,  279,  280).— Cova«d  with 
vibratile  cilia ;  mouth  oblique,  terminal,  witiiout  teeth.  From  the  obliquity 
of  the  mouth,  there  is  the  appearance  of  an  upper  lip.  The  dlia  which  covcf 
the  body  are  short  and  disposed  in  rows ;  those  around  the  mouth  are  longer, 
and  produce  very  powerful  currents.  Iii  swimming,  all  the  speciea  revohe 
upon  the  longer  axis.  A  serpentine  alimentary  canal,  with  more  than  fiftj 
grape-like  stomach-cells  (XXIV.  276),  terminating  at  the  opposite  extremity 
to  the  mouth,  is  described  by  Ehrenberg ;  in  some,  one  or  two  globular  nuclei 
and  a  contractile  veedde  aro  seen.    Self-division  transverse  and  longitudinal 

Leucophn/$  forms,  in  the  system  of  Dujardin,  with  Spaihidtum  and  Opdlima, 
the  family  "  Leucophryens,"  characterized  by  having  "  an  oval  or  oUong  de- 
pressed body,  covered  with  cilia  densely  but  rogularly  disposed ;  mouth  sot 
evident ;  foreign  solid  particles  aro  not  to  be  found  in  the  vacuoles ;  hence 
probably  these  animals  live  only  by  absorption.  Most  of  them  aro  paiasitie 
within  Annelida  and  Batrachia,  and  soon  perish  in  puro  water,  like  Hefanin- 
thoid  (tape)  worms."  Dujardin  says, ''  It  is  to  the  genus  Bursaria  that  Biren- 
berg  has  transferrod  most  of  the  true  Leucophryens,  in  co^jimction  with 
other  InAisoria  having  a  very  distinct  mouth."  (See  OPAtnrjsA,  p.  569.) 
Bujardin's  characters  of  Lettcophrys  are : — "  Body  depressed,  oval  or  obkmg. 
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equally  rooftded  at  the  two  ends^  covered  by  long,  very  numerous,  vibratile 
cilia,  in  parallel  rows ;  no  mouth.  I,"  says  Dujardin,  "  have  restricted  the 
term  to  animalcules  parasitic  within  Lumbrici,  but  ought  probably  to  include 
the  form  met  with  by  Ehrenberg  in  the  Anodontce.** 

This  genus  requires  further  examination,  and  may  probably  be  cancelled 
by  the  transfer  of  its  members  to  other  groups.  It  is  certain  that  several  of 
its  enumerated  species  are  mouthless,  and  that  some  belong  to  the  OpalinsBa ; 
and  Dujardin  clearly  pursued  a  very  right  course  in  detaching  it  from  the 
heterogeneous  class  Enchelia,  and  in  bringing  it  into  relation  with  Cpalina, 
Perty  has  followed  a  similar  plan,  and  instituted  a  family  of  parasitic  animal- 
cules under  the  name  of  Cobalina,  comprehending  besides  Leucophrys  (repre- 
sented by  only  one  species,  L,  striata)  Opalina,  Plagiotoma,  and  Alastor. 
like  Dujardin,  also,  he  transfers  L.  patula  to  Bursaria ;  treats  L,  Spathvla 
as  identical  with  Spaihidtum  hyaUnwm  (Duj.),  but  places  it  in  a  family 
Holophryina,  along  with  Hohphrya  and  Eiu^lys  (i,e,  as  represented  by 
E.  Fareimen  and  K  Pupa).  Neitlier  Ehrenberg's  descriptions  nor  figures 
are  sufficient  to  identify  L,  sanguinea  either  witii  Bursaria  or  Opalina ;  its 
colour  lends  no  aid,  since  it  is  doubtless  accidental.  L.  pyriformis  and  L. 
MimMm  are  doubtful  members,  and  the  rest  named  are  petty  clearly  Opalinsea. 
L,  candum  is  treated  by  Dujardin  as  identical  with  Trichoda  eamium. 


Lkvco¥HBY8  paiiiJa  (IHehoda  patulOf 
M.)  (XXIV.  276,  277)  (Bursaria  paUUa^ 
Duj.).  —  Oval,  campanidate,  tuieid; 
sometimes  quite  pellucid,  at  others 
whitish;  mouth  ample  and  eaping; 
vacuoles  are  very  large,  and  fill  tnem- 
•elrea  with  food  m  an  inefirular  manner. 
Wh^  (savB  Ehrenbera)  tne  animalcule 
ia  qtdelv  toe  passage  ofuie  food  onwards 
ia  seen  in  the  serpentine  canal,  to  which 
the  stomachs  are  attached  like  berries ; 
even  the  stalk  or  short  communicating 
tabe  is  visible  when  thev  receive  or  dis- 
charge coloured  food.  The  longitudinal 
rows  of  ciha  are  very  numerous  in  full- 
grown  spcNcimens.  The  granules  are 
white  by  incident  light,  brownish  by 
transmitted.  In  the  middle  of  the  body 
is  a  small  globular  nucleus.  Both  in 
ftwh-  and  sea-water.    1-280"  to  1-96". 

L.  SpaOmla  (saJBnchelys  Spathula, 
M.)  (xxrv.  278).  —  Lanceolate,  com- 
pressed, whitish ;  mouth  narrow,  situated 
^  its  anterior  extremity,  which  is  ob- 
liquely truncated  and  membrane-like. 
Am<mg8t  LemnsD.  1-140".  Vide  Spa- 
THmiux  hyaUmimjja.  612. 

L.  simamttea  (^Iriehoda  striatOy  M.) 
(xnv.  279,  280).— Cylindrical,  rounded 
at  both  extremities^  and  of  the  colour  of 
Uood.  Ehrenberg  remarked  within  it 
two  bright  contractile  round  bladders, 
and  tiuit  on  self-division  one  was  present 
in  each  jmrt    1-144". 

l^pyrifanms  (Koipoda  Pyrum,  M.). — 


Ovate,  whitish,  rather  more  acute  ante- 
riorly; vacuoles  large.  1-570"  to  1-280". 

Dujardin  considers  that  this  species 
shoidd  rightly  be  transferred  to  Glaucoma 
or  Kolpcda, 

L.  eamium  (KoHpoda  Pyrum,  M.). — 
Oval,  oblong,  acute  anteriorly,  and  of  a 
whitish  colour;  vacuoles  narrow.  In 
putrescent  animal  water,  and  the  drain- 
age of  manure.  1-1440"  to  1-430".  It 
=  Trichoda  Pyrum  (Perty). 

Perty  suggests  that  Enchdys  nodulosa 
is  referable  uso  to  this  species. 

L.  (P)  Anodtmtts  (Leucophra  fimda, 
M.). — Oval,  turgid,  and  transjMu^nt; 
rounded  at  both  extremities.  In  Siberia 
and  at  Copenhagen.  1-430".  Mort  pro- 
bably it  is  an  Opalina. 

L.  striata  (Duj.). — OUong,  marked  by 
thirty-five  longitudinal  granular  stried. 
1-m"  to  1-200".  In  the  Lumbrici 
(wormsj  of  gardens. 

This  IS  the  only  species  of  Zeucovhrys 
retained  by  Perty.  On  the  other  hand. 
Stein  (p.  184)  asserts  that  it  is  an  Opa- 
Una,  a  mouthless  animalcul^  and  there- 
fore rightly  excluded  from  imchelia. 

L.  noduiata  (Duj.^. — Oblong,  regularly 
ciliated ;  without  distinct  strise,  but  hav- 
ingtwo  series  of  vacuoles.    In  Lumhrid. 

The  last  three  supposed  species  are. 
says  Stein  (In/us.  p.  184),  Opalina,  ana 
the  last  two  should  be  united  as  one, 
which  may  be  named  O.  Lumbnci.  (See 
femily  0PALIN-2EA,  p.  669.) 


Gams  8PATHIDIUM  (Duj.)  (XXVI.  27).— Oblong;  thicker  and  more 
rounded  behind ;  thinner,  expanded,  and  truncated  in  front. 
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Hub  genus  is  admitted  by  Party,  who  places  it  in  the  family  '*  Holophiyim/' 
but,  unHke  Bajardin,  beUeves  it  to  possess  a  month. 


Spathidium  hyaUnum  (xxvi.  27).  — 
Oblong,  lanceolate,  hyaline;  thin  and 
almost  membranous  anteriorly,  and  ter- 
^minated  by  an  oblique  marnn^  along 
'which  some  small  black  nodules  maybe 
seen.  In  pond-water,  near  Paris.  The 
Bnchelys  Spatkula  of  Miiller  would  seem 
to  be  the  same  species;  but  the  Lm- 
cophrys  Spathula  (Ehr.)  differs  from  it 
in  having  a  row  of  ciaa  on  the  ante- 
rior margin,  with  striae  on  each  side, 


and  in  receiving  indigo  in  its  stomach- 
sacs. 

Perhr,  however,  treats  them  as  identi- 
cal. Indeed,  the  marks  of  distinction 
Duiardin  would  draw  are  certainly  in- 
sufficient to  establish  a  specific  di£l«r- 
ence ;  since  the  absence  or  presence  of  a 
row  of  cilia  may  readily  be  unobserved, 
and  the  reception  or  non-reception  of 
indigo  is  veiy  much  a  matter  of  manipu- 
lation. 


Genus  HOLOPHBYA  (XXIV.  281).— Ovoid,  oblong,  or  even  cylindrical; 
covered  vrith  vibratile  cilia ;  mouth  anterior,  directly  truncated  or  terminal^ 
and  without  lip  or  teeth.  In  two  species  the  mouth  and  anus  have  been  seen. 
Cilia  disposed  in  longitudinal  rows.  In  H,  Ovum  green  granules  and  a  posterior 
contractile  vesicle  are  observable ;  self-division  appears  to  be  transverse  in 
JET.  discolor. 

In  the  system  of  Perty,  Hohphrya  gives  name  to  a  family  "  Holophryina," 
defined  as  having  '<  an  anterior  mouth,  a  posterior  anus,  and  the  surface 
covered  with  cilia  in  longitudinal  rows."  It  includes  the  genera  Holopkrya^ 
some  species  of  Enehelys  and  Spathidivm  (Buj.),  Leucophrys  (E.).  lie  two 
species  of  Ehichelys  mentioned  are  E.  Farcimen  and  E.  Pupa ;  the  Leuccphryi 
is  the  L.  SpaihtUa  (Ehr.). 

Hohphrya  is  closely  allied  to  Prorodon ;  indeed  its  independence  is  very 
doubtfal ;  for  the  only  distinctive  character  between  the  two  genera  put  for- 
ward is,  that  the  "  dental  cylinder  *'  is  absent  in  the  former ;  but  this  is  a 
structural  peculiarity  not  always  ver^  obvious  to  the  eye,  liable  to  be  over- 
looked, and  of  secondary  histological  importance. 

Hohphrya  and  the  following  genus,  Prorodon,  are  included  in  Dujardin's 
family  Paramecina. 


HoLOPHBTA  Omim  (Lettcophra  bursaia, 
M.)  (xxrv.  281).  — Ovate,  somewhat 
cylmdrical,  extremities  subtnmcate ; 
granules  green.  Amongst  Lemnie  and 
ConfervfiB.    1-670"  to  1-210". 

H.  diaeohr  (Trichoda  horrida,  M.). — 
White^  ovate,  conical,  subacute  at  the 
posterior  extremity;  cilia  long  and 
scattered.    Amont^st  Confervee.  1-240". 

This  species  Stein  has  noticed  in 
the  encysted  condition,  surrounded  by 
a  thick-walled  cyst    Cohn,  moreover, 


found  the  previous  species,  JET.  Otwiif  in 
the  same  condition.  Instead  of  being 
white,  it  is  often  coloured  green  by 
chlorophvll. 

H.  Voups  (Leucophra  ghbuUfertiy  IL\ 
— Oblong,  cylindrical;  rounded  at  botn 
extremities;  whitish.    1-480" to  1-280". 

H.  brwmea  (Ihij.). — ^Brown,  e>iimging 
from  a  cylindrical  to  a  globular  finn 
when  filled  with  food,  and  also  tiien 
altering  in  colour. 


Genus  PRORODON  (XXIV.  282;  XXVni.  8).— Is  distinguished  by  the 
directiy  truncated  mouth,  and  a  circlet  or  cylinder  of  internal  teeti.  Body 
covered  with  vibratile  cilia.  Digestive  cells,  an  oral,  and  an  anal  outiet  have 
been  demonstrated  by  coloured  food.  A  long  band-like  nucleus,  contractile 
sac,  and  granules  are  seen  in  P.  niveus. 

In  the  system  of  Perty,  Prorodon  constitutes  a  member  of  the  fiumlj 
Decteria,  in  company  with  Chihdon,  Nassula,  Habrodon,  and  Cydogranma. 
Hahrodon  is  annexed  to  this  present  famUy ;  but  Cydogramma  will  be  found 
placed  among  the  Trachelina,  along  with  Chihdon  and  Nassxila, 
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Pbobodon  mv€U8, — ^Lar^  elliptical, 
and  compreeaed ;  colour  white ;  circlet  of 
teeth  compre88ed(<«sfe  Fhr.),  as  shown 
separate  in  XXIV.  283.  Smaller  examples 
haye  fewer  teeth  than  the  large.  Cilia 
veiyfine.  It  is  found  encysted.  Amonffst 
Confervas  in  turf-pools.  1-72".  Cohn 
miiiiMteB  (Zeitsehr.  1853,  iy.  p.  271)  that 
this  species  and  the  next  are  merely 
varieties  of  the  same  being. 

P.  teres  (xxiv. 282;  xxvm.  8).— Ovate, 
cjlmdrical,  white ;  circlet  of  teeth  cylin- 
oiicaL  Ehrenberg  coimted  twenty  sup- 
posed teeth ;  and  when  the  cylinder  was 
tffoken,  forty-ftve.  Revolvefiu  in  swim- 
ming, upon  the  long  axis.  1-140".  It 
has  Men  seen  in  the  encysted  state,  and 


to  undeijB^  fission  when  in  that  condition. 

P.  vir^. — ^Lcurro,  elliptic^  compressed, 
green,  with  a  neany  cylmdncal  crown  of 
teeth.    1-120".    tierfin. 

In  all  probability  this  green-coloured 
organinn  is  a  mere  yariety  of  the  pre- 
ceding, from  which  it  offers  no  distinc- 
tive  features.  In  Prorodony  as  in  C%t. 
hdon,  fission  occurs  in  encysted  beings. 

P.  vorax  fPerty). — Hyaline,  seldom 
green ;  dental  apparatus  faintly  marked, 
mtegument  covered  with  wart-^e  ele- 
vations in  rin^  Movements  tolerably 
rapid:  oftentimes  oscillating.  Anus 
placea  at  posterior  extremity.  1-240" 
to  1-84".  It  chiefly  differs  from  P.  niveus 
by  its  ffiintly-marked  dental  apparatus. 


We  have  yet  to  append  some  genera  (whose  affinity  is  with  the  foregoing) 
described  by  Dujardin,  viz.  Acamia,  Ghstvochoita,  Alyscum,  and  Uronema, — 
and  which,  with  the  genus  Ehwheh/8,  constitute  his  family  Ench^yens 
(Enchelina). 

Aeomia  and  Gastrockceta  are  only  ciliated  partially — ^the  former  at  one 
end,  the  latter  along  a  longitudinal  furrow  on  the  under  sur&ce.  Enchelys, 
AUfscttm,  and  Uronema  are  ciliated  throughout, — the  first  having  but  one 
form  of  dlia ;  the  second,  cilia  together  with  some  long,  oontractUe,  trailing 
filaments;  and  the  last,  cilia  with  a  single,  straight  and  long  posterior 
filament. 

Genus  ACOMIA  (D.)  (XXVI.  16,  17).— Oval  or  irregular,  oblong,  colour- 
less or  cloudy,  formed  of  a  homogeneous  glutinous  substance  containing 
unequal-sized  granules,  and  ciliated  at  one  end.     No  mouth. 

Perty  remarks  that  there  is  an  absence  of  definite  characters  between 
this  genus  and  the  Enchelys  (Buj.),  and  that  the  species  of  Acomia  require 
further  study. 


Acomia  Cydidium  (xxvi.  16  a,  6). — 
Oval,  oblong,  depressed,  containing  large 
mnules  aim  some  vacuoles ;  transverse 
nasioii.  In  external  form  approaches 
(yWwm  (Ehr.).    Marine.     1-650". 

A.  vitrea  (xxvL  17  a,  6). — Ovoid,  hya- 
line, but  rendered  cloudy  by  granules  in 
ita  posterior  half ;  anterior  border  ciliated ; 
division  longitudinal  1-1260".  In  fetid 
water. 

A.  oro/w. — Differs  from  the  preceding 
by  the  granules  occupying  the  anterior 
half,  and  by  its  length,  1-868".  In  fetid 
marsh-water. 

The  difference  in  position  of  the  gra- 
nules is  valueless  as  a  specific  distinction 
between  this  and  the  previous  species, 
and  should  be  rejected. 

A.  Otmktm, — Ovoid,  presenting  a  no- 
dular or  granular  portion,  which  seems 
to  contract  itself  within  the  interior 
of  a  diaphanous  envelope.  Revolves  in 
moving,  like  a  Thxococcus.     1-800". 

Stein   {Infm,  p.  137)    declares  that 


it  is  imdistinguishable  from  CycUdium 
Glaucoma  (Ehr.). 

A.  (P)  VorOcdla. — Ovoid,  nearly  glo- 
bular, colourless,  cloudy ;  ciliated  in  its 
anterior  half;  cilia  curved  backwards. 
Revolves  on  its  axis  in  progressing  for- 
wards.    1-1000".    In  sea-water. 

A.  (P)  costat€t,  —  Ovoid-oblong,  nar- 
rower m  front ;  apparently  enclosed  by  a 
thick  membrane,  or  consistent  layer; 
nodular ;  nodules  often  arranged  in  rows 
as  ribs.  Division  transverse.  1-650"  to 
1-600".    In  sea-water,  among  AlgCB. 

A.  varians,  —  Oblong,  cylindrical ; 
truncated  and  angular  in  front ;  dilated 
and  compressed,  by  turns,  in  different 
parts  of  its  length,  and  consequently 
alternately  rounded  and  constricted  be- 
hind, so  as  to  terminate  by  a  pointed  tail. 
Revolves  on  its  axis.    l-IOOO"  to  1-460". 

A.  inflata, — Oval,  tapering  anteriorly, 
beset  everywhere  with  very  fine  cilia; 
colourless,  or  occupied  with  green,  grey, 
or  brown  granules.     Movement  rapid. 
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revolTing.    Cilia  often  appear  longw  in 
front.    Found  by  Dujardin  and  Pcorty  in 
decomposingmarsh-water. 
A.  cava  (JPerty). — Oval,  slightly  irre- 


gnlar;  convex  above,  flat  beneath,  or 
rather  concave.  Thickly  dHated  all 
over.    1-670".    Amongst  Lemns. 


Genus  HABRODON  (Party).— Body  subcylindrical,  rather  bent;  thickened 
posteriorly,  and  mostly  truncate  in  front.  Mouth  anterior,  with  a  very  defi- 
cate  dental  apparatus.     Anus  posterior.     Cilia  in  longitudinal  rows. 

This  genus,  created  by  Perty,  is  placed  by  him  in  juxtaposition  with  Pro- 
rodon,  vrith  which  and  Chilodon,  Nasstda,  and  a  new  genus,  CydogrammOy 
it  constitutes  a  fiamily  called  Decteria. 


Habbodon  curtaiuB^  Enchdya  Pupa 
(P)  (MUll.^. — Colour  usually  grey  or  pale 
green,  with  numerous  molecules  and 
vesicles;   anteriorly  it  is  hyaline,  and 


posteriorly  it  presents  a  round  dear 
space  (an  anusP).  Movements  slow. 
1^90"   to    1-18#'. 


Chora,  Sec,  Bern. 


lit 


springs, 


with 


Genus  ACROPISTHIUM  (Perty)  (XXVIII.  61).— Circular,  with  an  ante- 
rior flap,  or  rounded  off ;  pointed  behind. 


more  perceptible  anteriorly.    The 
varies  much.  Mouth  in  front  (P).  1 
to  1-820".    Uncommon. 


AcBOPiSTHiUM  mutabUe,  —  Hyaline, 
with  darker  vesicles  and  molecules. 
Movements  very  rapid,  revolving.  Cilia 
cover  the  entire  surface,  very  fine,  usually 

Genus  B^ONTDIUM  (Perty)  (XXVHI.  62-64).— SmaU,  subcylindrifld; 
dlia  at  anterior  end  large ;  movement  sluggish. 

BiBONiDiUM  remimna> — ^Usually  pris-  movement    A  slight  depression  some- 

matic     and     rounaed;    often     rather  times  perceptible  on  one  side,  in  & 

wrinkled;   hyidine,  but  nearly  alwa;^  position  of  the  mouth.    Passion  tni»- 

filled    with    ^en    corpuscles.      Cifia  verse.     1-840"   to    1-660"'.     AmongBt 

generally  distributed ;  the  large  anterior  Chaise,  but  rare,  in  Switzeriand. 
ones   simulate   pedal    organs  in    their 

Genus  OPISTHIOTEICHA  (Perty)  (XXVni.  65-67).— SmaD,  elongated- 
cylindrical  or  pyriform ;  cilia  distributed  over  the  body,  very  fiine,  some  of 
those  on  the  posterior  extremity  large,  ciliary  action  sluggish. 


Large  posterior  cilia  from  two  to  three 
in  young  specimens,  five  to  six  in  oU. 
1-900"  to  1-440".  In  mareh-  or  bog- 
water.    Bern,  &c. 


QpiSTHiOTitiCHA  tenuis  (xxvm.  65- 
bl\ — Colourless  or  slightly  green,  with 
delicate  vesicles  and  molecules  in  the 
interior.  Swims  very  raj^idly,  revolv- 
ing at  the  same  time  on  its  long  axis. 

Genus  SIAGONTHERIUM  (Perty)  (XXVIH.  62,  63).— Very  smaU,  ex- 
tended anteriorly,  thickened  posteriorly ;  with  a  long  stiff  bristle  extended 
backwards  on  one  side  of  the  anterior  extremity. 


delicate,  with  internal  molecoles  and 
vesicles.  Scarce  in  pools.  Bern,  with 
Hyaginum  pUwiale.    1-900"  to  1-760". 


SiAGONTHEBiiTM  tenue. — Seen  on  ihe 
wider  side,  elongated  ovate;  anterior 
prolongation  directed  forwards  from  the 
smaller  subcylindrical  half.    Extremely 

Genus  MEGATRICHA  (Perty)  (XXVm.  6a-60).— Very  small,  clothed 
with  long,  scattered  and  slowly-moving  cilia.  Body  entire,. or  divided  incom- 
pletely into  two  unequal  portions*  '*  These  are  the  most  delicate  and  simple 
of  aU  the  Ciliata." 

longs   to  this  species.     1-1440".    Un- 
common. 
M.  pariiia  (xxvm,  58-60).— Divided 


Megatbicha  itUeffra,  —  Undivided, 
colourless,  with  long,  delicate  cilia. 
Very  possibly  ChtBtomonas  GlohtUua  be- 
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into  a  BBuXLeir,  rather  pointed^  anterior 
section,  and  a  wider  posterior  one ;  co- 
looilees.  Extremely  delicate;  often 
composed,  like  many  Monads,  of  only 
fiye    molecules.      Moyements   of  cilia 


slugffish.  Swimming  often  interrupted 
sud^nly  by  a  jerk  in  another  direction. 
Fission  longitudinaL  1-1660"  to  1-1320". 
Rare,  among  decomposing  Confervse. 


Genua  PTYXIDIUM  (Party)  (XXVIII.  40-42).— Ovate,  pointed  in  front, 
with  seyeral  folds.     Cilia  equal,  very  fine. 


Ptyxcdiuh  Ovulum^Zeucophryspyrt-' 
fomtis  (Ehr.).  Xo^HxJa  Fj/rum  (MiilL), 
which  Ehrenberg  cites  as  synonymous, 


IS  more  probab 
covered  no  foo 


y  an  Acomici,    Perty  dis- 
[  in  the  interior. 


Genoa  COLOBrDITJM  (Perty)  (XXVni.  45).— When  mature,  ovate;  in 
earlier  condition,  truncate  posteriorly — frequently  emarginate, — ^rounded  an- 
teriorly. Cilia  in  longitudinal  rows,  those  in  front  longer ;  their  movements 
slow. 


CoisOEiDTUUpeUucidum, — ^Very  trans- 
parent^ colourless  or  clear  green ;  move- 
ments rapid,  always  rotating.  '^  The 
longer  cilia  in  front  often  moved  in  a 


foot-like  manner."  1-1900"  to  1-600". 
In  turf-hollows  amon^  Confervsd.  Bern. 
Acomia  VorticeUa  (Duj.)  is  probably  only 
a  variety  of  this  species. 


Genus  APIONIDIUM  (Perty)  (XXYHI.  48,  49).— Rounded ;  thicker  in 
front  than  behind ;  rows  of  cilia  few  in  number. 


AFiONmiXTH  modettmn,  —  Hyaline, 
trith  coloured  (green  or  brown)  food-par- 
ticles.  Rows  of  cilia  from  seven  to  mne ; 


cilia  veiy  fine.  A  round  clear  ^pace 
usually  visible  posteriorly.  Rare.  1-260" 
to  1-240". 


Genus  GASTROCHLSTA  (Duj.)  (XXYL  18).— Body  oval,  convex  on  one 
side,  and  hollowed  by  a  longitudinal  furrow  on  the  other ;  cilia  seated  in  the 
furrow,  chiefly  at  the  two  ends. 

Gastbochjbta  JhBsa  (xxvi.  18).  —  Semitransparent,  oval,  truncate  in  front. 
1-406".    In  the  water  of  the  Seine. 

Genus  ALYSCUM  ^Duj.)  (XXVI.  20).  —  Body  ovoid-oblong  irregular, 
surrounded  by  radiating  cilia,  and  having,  besides,  a  lateral  bundle  of  long 
retractile  cilia,  by  means  of  which  it  leaps  briskly  from  place  to  place. 

The  single  species  much  resembles  Enchel/ys  nodtUosa  (Paramecium  Milium, 
or  Pantotriehum  Enehelya,  Ehr.)  from  which  it  is  distinguished  by  its  retractile 
filaments. 

A1.YBCUIC  «attaiw  (xrvi.  20). — Colour-  almost  invisible   longitudinal   furrows, 

less,  oblong,  rounded  at  the  ends,  rather  1-1300"  to  1130".    In  infusions  and  in 

concave  fl£>ng  the  side  bearing  the  re-  the  Seine. 
tractile  filaments,  and  marked  by  some 

Genus  URONEMA  (Duj.)  (XXVI.  25).— Body  long,  narrower  in  front, 
rather  curved ;  surrounded  by  radiating  cilia,  and  bearing  a  long  straight 
dHum  behind. 

Uronkma  manna  (xxvi.  26). — Co- 
lourless, semi-transparent  nodulif.  elon- 
gated; contracted  in  front  j  slightly 
curved,  with  from  four  to  five  sligntly- 
marked  longitudinal  strisD.  1-596".  In 
the  Mediterranean. 


Stein  considers  this  form,  as  in  the 
instance  of  CycUdium  OUmcoma,  to  be 
merely  an  embryo  of  an  Infusorium,  and 
not  an  independent  species. 
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SYSTEMATIC  HISTORY  OF  THE  INFUSORIA. 


FAMILY  VI.— COLEPINA. 

(XXrV.  284,  285). 

Loricated  animalcules  having  the  mouth  and  anus  placed  at  the  opposite 
extremities  of  the  body.  The  lorica  is  of  the  form  of  a  small  cask,  composed 
either  of  minute  plates  placed  in  a  row,  or  of  little  rings  between  which 
cilia  are  situated ;  anteriorly  it  is  truncated,  smooth  or  toothed,  and  poste- 
riorly terminated  by  three  to  five  little  points  ;  mouth  ciliated.  The  diges- 
tive vacuoles  in  these  creatures  are  readily  filled  with  coloured  food,  which  is 
ejected  posteriorly.  Complete  transverse  self-division  has  been  observed. 
A  distinguishing  character  of  the  Ciliated  Protozoa  is  their  asymmetrical 
figure ;  but  the  genus  Coleps  is  an  exception  to  the  general  rule. 

In  the  act  of  fission  a  new  formation  of  tissue  appears  to  take  place  along 
the  faturo  line  of  separation,  thinner  and  softer  in  consiBtence  than  the 
original  covering. 


Genus  COLEPS  (XXIV.  284-286). 
racteristics  are  identical  with  those  of 

CoLBPS  hirtus  (Cercarta  hirtay  M.") 
(xxiv.284-286).— Bodywhite,oval,with 
tnmcated  ends;  lorica  apparently  com- 
posed of  small  polygonal  plates,  lietween 
which  the  ciha  are  both  transversely 
and  longitudinally  aixanged.  Anteriorly 
there  are  nineteen  pointed  processes,  and 
posteriorly  three.  Movements  very  brisk ; 
so  that  it  IS  difficult  to  examine  the  lorica 
while  the  animal  is  living;  but  when  it 
is  dried,  or  pressed  between  glasses,  the 
complex  structure  of  the  former  is 
rendered  visible.  Amongst  ConfervcB. 
1-670"  to  1-430." 

Although  described  by  Ehrenberg  as 
colourless  or  white,  this  is  no  specific 
character ;  for  it  may  frequently  be  co- 
loured green  by  chlorophyll,  or  tinted 
with  intermediate  shades  "between  yel- 
low, green,  and  brown,  according  to  the 
food  taken  and  its  changes  by  digestion. 

C.  viridu, — Green,  oval,  and  ciliated ; 
lorica  terminating  in  three  points. 
Amongst  Confervae.    1-960"  to  1-670". 

Except  in  the  matter  of  colour,  no 
distinction  from  the  preceding  is  noted ; 
its  specific  independence  may  therefore 
be  fSEurly  questioned. 


— This  being  the  only  genus,  its  <^- 
its  family. 

C.  eUmgatus, — Cylindrical,  elongated; 
lorica  wmte,  and  terminating  in  three 
points ;  self-division  transverse.  1-670" 
to  1-430". 

Between  this  form  and  C  Iwrtnu  Perty 
has  seen  every  intermediate  fig^ure,  and 
therefore  regards  it  as  a  mere  variety, 
and  not  a  species.  The  colour,  it  hardly 
needs  be  stated,  is  in  no  way  character- 
istic 

C.anmhacanthm. — Ovate,  shorter.  Lo- 
rica, unBke  that  of  the  other  species,  com- 
posed of  rings ;  the  anterior  part  crowned 
with  unequal  teeth,  the  posterior  having 
three  strong  spines.  Found  in  Sj^iro- 
stamum  virens.     1-280". 

C.  incurcus. -^Oblong,  neariy  cylin- 
drical, and  slightljr  curved;  lorica  ter- 
minating in  five  points.  Amongst  Con- 
ferv8B.     1-430". 

C.  tnertms  (Perty). — Lorica  costate, 
not  granular ;  no  spinous  points  at  pos- 
terior end,  or  very  feeble  ones.  Green 
corpuscles  occur  mtemally.  The  dis- 
tinctness of  the  ribs  varies,  as  well  aa  the 
length  and  thickness  of  the  body.  Mo- 
tions like  those  of  C.  hirtus,  l-OOtT. 
Fresh  water. 


FAMILY  VII.— TEACHEUNA. 

(XXIV.,  xxvm.,  XXIX.) 

This  extensive  family  includes  those  animalcules  which  have  two  distinct 
alimentary  orifices— the  receiving  one  lateral,  the  discharging  one  terminal. 
They  have  no  lorica ;  but  all  the  genera,  except  Phialina,  are  covered  with 
vibrating  cilia,  generally  disposed  in  longitudinal  rows,  those  near  the 
mouth  being  the  longest.  Trachelitis  has  no  neck ;  but  the  frontal  portion  of 
the  body  is  prolonged  in  the  form  of  a  long  trunk-like  lip ;  in  Lojcodes  and 
Chihdon  it  is  like  a  hatchet-shaped  broad  lip.     In  Glaucoma,  there  is  a 
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tremulous  flap  to  the  mouth,  aud  in  ChUodan  and  Nassula  a  cylinder  of  rod- 
like teeth,  which  sometimes  projects  in  advance  of  the  mouth.  Bunaria  and 
Nassula  have  a  thick  frontal  protuberance.  The  reception  and  discharge  of 
coloured  matter  can  be  seen  in  all  the  genera.  In  Nassula  the  violet-coloured 
specks  (bile)  are  worthy  of  notice.  In  Spirostamum  the  mouth  is  spiral.  A 
nucleus  and  one  or  more  contractile  vesicles  occur  in  all  the  genera.  Com- 
plete transverse  and  longitudinal  self-division  is  frequent  and  complete. 

The  genera  are  disposed  as  follows : — 

( 


No    tremu- 
loas 
mouth- 
flap. 


Brow    con' 
tinuoun 
with   the' 
body. 


f^l  with  a     r  lip  long,  proboeois-like Trachelius. 

§     brow-like  j 
•<  upper  lip  [  lip  broad,  hatchet-shaped...  Loxodes. 


o  I,  brow-like  prominent  back  Bursaria. 

^Mouth  spiral    Spirostomum. 


^Brow  interrupted  in  a  peg-like  manner Phialina. 

(Mouth  having  a  tremulous  flap Qlauooma. 

g  [  A  brow-like  prominent  upper  lip  Chilodon. 

brow-hke  prominent  back  Nassula. 


iir' 


This  family  is  not  recognized  by  Dujardin,  who  rejects  the  supposed  affini- 
ties of  its  genera  as  unnatural ;  and  indeed  it  must  be  owned  that  the  Tra- 
chelina,  as  understood  by  Ehrenbeig,  represent  a  heter(^;eneous  collection 
rather  than  a  natural  group.  Bursaria  includes  some  mouthless  OpdUna. 
Spirostomum  evidently  takes  its  place  next  to  SterUor ;  and  Chilodon  and 
Nassula  are  removed  in  several  important  details  of  organization  from  Tra- 
chelius  and  Phialina, 

Pcrty  retains  in  his  classification  a  family  Trachelina,  and  places  in  it  the 
genera  TracheUus,  Harmodirus^AvwphileptuSy  LoxophyUum,  Dileptus,  PeUcida^ 
and  Loxodes, — adopting,  however,  the  characters  assigned  by  Dujardin  in 
preference  to  those  given  by  Ehrenberg.  The  brief  character  of  Trachehna 
recorded  is — *'  Body  elongated  anteriorly  into  a  neck-like  process,  or  pro- 
trading  a  proboscis  curved  on  one  side." 

We  have  retained  in  the  preceding  description  of  Trachelina,  adopted  from 
Ehr^berg,  several  notes  of  structural  peculiarities  which  subsequent  re- 
searches show  to  be  erroneous.  That  the  mouth  is  lateral  and  the  anus  ter- 
minal in  all  the  members  of  the  fronily  is  not  the  case.  Thus,  in  Chilodon  the 
discharging  orifice  is  on  one  side,  near  the  posterior  extremity.  Lachmann 
{A.  N  H,  1857,  xix.  p.  216)  speaks  of  the  buccal  orifice  of  Glaucoma  as 
produced  into  two  flaps.  The  teeth  (so  called)  in  Nassula,  Chilodon,  <fec., 
have  no  real  daim  to  that  designation ;  for  they  are  no  more  than  folds  or 
thickenings  of  the  oesophagus  (see  Part  I.  p.  311).  The  violet-coloured  spots, 
imagined  by  Ehrenberg  to  be  vesides,  are  merely  acddental  specks  of  colour 
doived  from  the  food  (see  p.  312,  and  notes  on  Nassula  elegans). 

Chilodon  and  Nassula  have  been  proved  to  propagate  by  living  embryos, 
alter  a  previous  encysting-stage ;  and  in  all  probability  most  of  the  other 
genera  do  so  likewise.  Nassula  ambigua  (Stein)  has  been  seen  in  tho  same 
encysted  condition  as  Chilodon ;  and  only  tlie  last  stage,  that  of  the  internal 
development  of  a  ciliated  embryo,  to  complete  the  cycle  as  in  Chilodony  has 
ot»caped  observation. 
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Gentis  TRACHELIUS  (XXIV.  287-290).— Body  ciliated ;  mouth  on^e, 
destitate  of  teeth,  is  seated  on  one  side  at  the  base  of  the  yeiy  much  elon- 
gated upper  lip  or  proboscis.  CUia  are  absent  in  three  species.  In  four 
species  coloured  food  has  been  received,  and  in  three  the  discharging  orifice 
^tected.  It  has  also  a  collapsed  oesophagus,  visible  onlj  during  ^e  passage 
of  food.    Two  species  increase  bj  transverse  self--division. 

This  genus  forms  a  member  of  the  family  **  Trichodiens "  (Tricfaodina) 
(Duj.),  along  with  Trichoda  and  genera  named  Adnerta,  Felecida,  and 
DUeptus. 

The  account  he  gives  of  the  animals  differs  much  from  the  forgoing.  Ac- 
cording to  it,  TraeheUus  is  destitute  of  a  contractile  or  reticulated  integu- 
ment, and  is  composed  of  a  muco-gelatinous  substance  (sarcodc)  containing 
granules,  which  are  oftentimes  agglomerated  in  the  form  of  nodules,  disposed 
in  rows.  The  apparent  oviposition  in  T,  Ovum  and  T.  Meleagris  was  nothing 
more  than  the  breaking  up  of  part  of  the  animalcule  by  '^  diffluence,"  and 
the  supposed  ova  only  particles  of  "  sarcode.'' 

*'  The  cilia  at  the  anterior  extremity  are  larger  than  those  on  the  rest 
of  the  body.  Posteriorly  a  large  vacuole  is  often  to  be  seen.  There  is  no 
distinct  mouth." 

The  last  statement  is  contradicted  by  recent  investigations,  which  prove 
that  the  animalcules  belonging  to  this  family  have  a  mouth,  and  some  of 
them,  at  least,  an  anus. 


Tbachelius  Anas  (Trichoda  Anas  et 
/n(fer,M.Xxxiv.  287-289).--White,cla- 
vate,  ana  cylindrical;  proboeciB  thick, 
obtuse,  not  half  the  length  of  body; 
mouth  situated  dose  to  the  base  of  tne 
proboscis.  In  exposed  infusionaL  and 
freshwater  swamps,  amongst  Conf^rvn. 
The  interior  often  contains  green  (chlo- 
rophyll) vesicles.    1-280"  to  1-120". 

T.  rorar.^^lavate-ovate,  turgid,  co- 
lour white;  proboscis  thick,  obtuse, 
shorter  than  half  the  body ;  mouth  situ- 
ated near  the  middle  of  ^e  body,  and 
notatthebaseoftheprobosds.  Amongst 
Conferva.     1-120". 

T.  Meleagris, — Compressed,  lanceolate, 
often  curved  in  the  form  of  the  letter  S ; 
proboscis  thick,  obtuse,  shorter  than  half 
the  body.    1-96"  to  1-60". 

Ehrenbeig  described  in  this  species  a 
red-coloured  fluid  which  he  called  bile, 
and  a  row  of  ten  to  twelve  vesicles  along 
the  back,  which  he  concluded  to  be  sto- 
mach-ceUs  filled  with  red  gastric  juice.  It 
is  now,  however,  admitted  that  these  cells 
are  reallycontractile,  and  form  a  vascular 
chain.  The  nucleus  is  oval,  with  a  cen- 
tral constriction.  Dujardin  adopted  this 
species  as  one  form  of  a  new  genus, 
Loxophylktm,  hereafter  described  m  the 
funiiy  Colpodea. 

T.  Lamella  (Kohoda  Lamella,  M.) 
(xxvi.  24  o^  b). — Depressed,  laminar, 
elongated,  bnear^lanceolate.  often  trun- 
cated anteriorly  and  roimdedj  margin 
ciliated  (Dujaidin  says,  only  m  front). 


Ehrenberg  considers  this  form  may  be  no 
other  than  the  young  condition  of  Am^ 
phUq^tus  Faseiola',  and  Perty  would  add, 
of  Spatiiidium  hyaHnufn,  In  sea-water. 
1-900"  to  1-200". 

T.  Afuaicula.—WMte,  small,  ovate, 
pyriform,  attenuated  and  diaphanous  aa- 
teriorlv.  Dujardin  believes  he  has  seen 
several  of  these  animalcules  become  bj 
simple  contact  agi^lutinated  together,— 
a  circumstance  which  would  incucato  liie 
absence  of  a  true  integument.  Amraigft 
Conferva.    1-670"  to  1-280". 

T.  (?) trichophorus (Vibrio  ftneim^U.) 
— Cylindrical,  changeable,  often  davate; 

Sroboscis  capitate,  of  the  form  of  a  veiy 
elicate  whip.    1-1200"  to  1-430". 
T.  (P)  fflobulifer.  —  Spherical,  hyalLoe, 
with  a  very  delicate  whip-like  acutepro- 
boscis.    Amongst  Conferv».    l-20(r'. 

T.  Ovum  (XXIV.  290).— Large,  ovate, 
wide  or  campanulate  anteriorlv;  pro- 
boscis shorty  in  the  form  of  a  beak;  con- 
tractile vesicles  numerous.  "  In  no  in- 
fusorial animalcule,^'  says  Ehrenberg, "  is 
the  alimentary  canal  so  easily  seen  as  in 
this;  the  laige  mouth  and  contzactile 
vesicle,  lying  over  the  lower  part  of  the 
alimentary  canal,  are  equally  evideiDt; 
numerous  small  digestive  cells  and  ova- 
granules  appear  In  every  part"  It  is  in 
this  species  that  liebencuhn  and  Lach- 
mann  have  latteriy  described  the  exist- 
ence of  an  arborescent,  ramified  digesttre 
canal,  quite  distinct  from  the  dear  round 
spaces  in  the  parench3nna  of  the  body. 
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wfakii  some  hsve  snppoeed  to  be  sto- 
machs. In  stagnant  bog-water.  1-72." 
It  has  been  foui^  encysted.  (Vide  Part  I. 
p.309J^. 

T.  (P)  ia^MMM.— Flattened,  elliptical ; 
anterior  part  ^ead)  membranonsy  yari- 
able  and  wide,  with  a  notch  from  which 
proceeds  a  flagelliform  proboscis  almost 
double  the  lei^  of  the  body.  1-912". 
In  North  Sea. 

T.  dembyphUm, — Ovate,  subacute  at 
each  end;  proboscis  very  fine,  acute, 
double  the  length  of  the  body.  1-288'"; 
with  fflament,  1-96'"  to  1-72^".  Has  the 
habit  of  a  Monad,  but  the  motion  of  T, 
triekaphanta,  than  which  it  is  veiy  much 
smaller.    On  tree-mosses. 

T.  dricUu  (Buj.).— Rliform,  extremi- 
ties rather  pointed;  the  cilia  visible 
only  in  front.  1-409".  Amongst  Lemnie ; 
seen  also  by  Perty  in  Switzerland. 

T.  tere$, — ^Filiform,  cyHndricaL  obtuse 
anteriorly,  pointed  and  ti^[>enng  oehind ; 
ciliated  only  in  the  anterior  margin. 
1-170".    In  stagnant  sea-water. 

T.  JFaix, — ^Long,  depressed,  lanceolate 


or  sigmoid;  variable:  narrower  and 
rather  curved  anteriorly  in  a  sickle-like 
fonn;  ciliated  generally.  1-420".  In 
pond-water. 

T.  noduUfenu  (Perty).— Very  slender, 
narrowed  anteriorly,  but  terminated 
abruptly  by  a  rounded  end;  colourless, 
but  v^ith  diffdsed  chlorophyll-yeeicles  at 
times,  and  granules.  Calia  scarcely  vi- 
sible, except  near  the  head,  where  they 
are  rather  larger.  Movements  slow.  The 
elongated  neck-like  portion  devoid  (k 
molecules.    1-670"  to  1-120"  (Bern). 

T.  apicuiatua, — Slender,  tapering  an- 
teriorly, its  end  bein^  obtuse.  Cmour- 
less,  with  diffused  vesicles  and  molecules. 
Cilia  very  delicate.  Movements  rapid, 
like  those  of  ly-achdacerca.    1-144". 

T.  pusUkts, — Considerably  elongated: 
rather  flattened;  colourless;  with  around 
opening  at  its  narrower  anterior  ex- 
tremity. Movements  tolerably  quick, 
with  slow  revolutions  on  its  axis. 

Perty  intimates  it  to  be  the  same 
species  as  Traehelma  triehopharus  (Ehi,) 
and  the  Peranema  protradum  (Buj.). 


Genus  LOXODES  (XXTV.  291-293).— Body  ciliated  throughout,  mouth 
aimple,  devoid  of  teeth ;  upper  lip  continuous  and  broad,  hatchet-shaped ; 
locomotive  cilia  longer  near  the  mouth.  The  contractile  vesicle  is  round ; 
the  nudeos  oval  or  ovoid.  In  L.  Bursaria  an  oval  nucleus  and  two  contrac- 
tile globular  vesicles  have  been  seen.     Self-division  transverse. 

Dhojaidin's  characters  of  Loxodes  are— <'  Body  flat,  membranous,  or  with  an 
apparently  membranous  lorica,  flexible  but  not  contractile,  expanded  at  the 
centre  of  its  superior  or  dorsal  surflEU^,  often  concave  on  the  under  surface ; 
contour  irregularly  oval,  sinuous  and  obliquely  prolonged  anteriorly ;  furoished 
with  very  fine  cilia,  confined  to  its  anterior  margin.  In  general  characters," 
be  adds,  "  Loxodes  approaches  nearest  to  Traehelius  (family  Trichodina) ;  but 
the  signs  of  an  integument  are  so  clear  as  to 'sever  it  frt>m  that  genus  and 
family."  The  Loxodes  described  by  the  French  author  are  almost  all  of  them 
distributed  by  Ehrenberg  among  other  genera  and  fronilies ;  and  hence  there 
is  unfortunately  none  but  the  slightest  relation  between  the  similarly-named 
genus  of  the  two  writers.  Thus  the  Loxodes  Bostrvm  of  Ehrenberg  is  the 
representative  of  a  genus  Pelecida,  of  the  fSamily  Trichodina,  in  the  system  of 
D^iardin,  and  bears  the  name  of  Pelecida  Bostrum.  In  this  positicm  it  is 
brought  into  dose  relation  with  the  genera  Trkhoda  and  Tra^ieUus  (Ehr.)^ 
and  with  two  others,  named  by  Dujardin  Adneria  and  Dilepius, 

The  last-mentioned  genus  comprises  Infusoria  placed  by  Ehrenberg  with 
AmphUeptus,  in  describing  which  we  shall  take  the  opportunity  to  give  the 
characters  of  DiUptus^  whilst  Adneria  and  Peledda  will  be  included  among 
the  appended  genera  at  the  end  of  the  present  feunily,  Trachelina. 


Loxodes  Rostrum  (Koipoda  Rostrwnj 
M.,  Pelecida  Bostrum,  D.)  (xxrv.  291- 
293). — Body  compressed,  white,  lanceo- 
late, slightly  curved  in  the  form  of  an  S, 
in  consequence  of  the  lip  being  a  little 
QDCinatea.    Ehrenberg  states  that  he  has 


very  often  seen  large  Navicuks  and  Syt^ 
edrce  within  this  creattfre,  although  it 
would  not  feed  on  coloured  food.  The 
cilia  are  very  delicate,  (xxrv.  291,  an 
animalcule  wnich  has  fed  upon  Bacil- 
laria ;  xxrv.  292,  another,  creeping  along 
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Confervfe;  and  xxv.  293,  a  specimen 
undergoing  transverse  self-division.) 
Amongst  Conferva.     1-144"  to  1-36". 

L.  CUhara  {Trichoda  auranUti,  M.). — 
Triangular  and  compressed;  anteriorly 
dilated  and  obliquely  truncated,  but 
pointed. at  the  posterior  extremity.  Co- 
lour white.     1-430"  to  1-210". 

h. Bursaria, — Oblong;  anteriorly  ob- 
liquely truncated  and  depressed;  poste- 
riorly nemispherical.  The  mouth  is  placed 
near  the  centre  of  the  ventral  surrace,  at 
the  bottom  of  a  deep  funnel-like  fossa 
(vestibulum);  the  upper  border  of  which 
is  longer,  broader,  rather  concave,  and 
truncate,  and  constitutes  the  ''upper 
lip"  of  Ehrenberg.  A  lon^  oesophagus 
extends  far  into  the  interior  from  the 
mouth.    In  bogs.     1-280". 

This,  Focke  and  Stein  show,  is  not  a 
species  of  Loxodea,  but  of  Paramecium, 
and  therefore  righUy  named  P.  Bursaria 
(which  see,  p.  ^6\  It  was  this  species 
which  was  so  elaoorately  examined  by 
Cohn,  especially  with  regard  to  its  repro- 
duction. Young  specimens  are  colourless; 
but  mature  beings  have  numerous  chlo- 
rophyll-corpuscles diffused  in  their  cor- 
tical laminsB.  There  are  two  round  con- 
tractile spaces,  which  by  pressure  assume 
a  stellate  appearance  similar  to  those  of 
P.  AureUa,  The  rotation  of  the  contents 
may  be  demonstrated  in  this  species ;  and 
Conn,  Focke^  and  Stein  have  witnessed 
its  reproduction  by  a  living  ^rm  or  em- 
bryo. In  figure  it  is  very  like  Chilodon 
CuculhduSf  but  has  the  oral  fossa  (vesti- 
bule) and  cilia  of  Paramecium. 


L.  pUcattis.  —  ElliptiodL  dressed, 
convex  on  the  back,  and  slkntly  plicated; 
the  lip  uncinate.  On  Conrervae.   1-430". 

The  species  of  Loxodes  mentioned  by 
Dujardin  are  X.  C^tcuUubis  s  CkHodtm 
OucuUm  (£hr.) ;  and  X.  OteuOio  =  (?) 
Koipoda  Cueumo  (M.),  placed  bj  Ehren- 
berg amoDg  the  Kolpodea. 

L.  retictuatus.  —  Oval ;  more  slmder, 
sinuous,  and  flexible  anteriorly ;  surfiice 
granular.     In  long-kept  marsh-water. 

This  species  is,  in  Stein's  opman,  a 
mere  accidental  variety  of  CkiloJumCmad' 
kdua,  determined  by  the  bulk  of  ibod 
received. 

L.  marinus, — Depressed,  oral,  almost 
reniform;  with  internal  fine  granules, 
and  a  row  of  puncta  near  both  tine  ante- 
rior and  posterior  margins.  1-360^.  In 
salt  water. 

L.  elentatus, — Similar  to  L,  CuoMhttj 
but  having  a  bundle  of  bristles  about  the 
mouth,  as  in  ChUodon,  firom  which  it 
differs  by  the  lorica  (cuirass)  and  by  the 
absence  of  cilia  on  the  surfiice. 

The  distinction  of  this  species  and  L 
CucuUulus  as  independent,  Stein  rightly 
criticizes  as  an  error  on  the  part  (h  Da- 
jardin,  and  shows  {Infus,  p.  131)  that  both 
of  them  are  only  accidental  varieties  of 
Chilodon  CucuUuhu, — Loxodes  Cuadhbu 
bein^  nothing  more  than  small  speciroei>« 
in  whidh  the  oesophagus  is  indistict,  aad 
L,  dentatus  examples  m  which  this  oigan 
is  very  evident. 

L.  hrevis  (Perty).  —  Short,  roundtd 
with  a  hyaline  proboscis.  1-500".  Bern. 
in  rainwater-ponds. 


Genus  BURSARIA  (XXlV.  294-296).— Surface  ciliated  throughout;  an- 
terior part  convex ;  mouth  not  terminal,  fringed  with  stronger  cilia,  thougli 
simple,  toothless,  and  devoid  of  tremulous  flap.  The  cilia  are  distinctly  seai 
in  coloured  water,  and  are  generally  disposed  in  rows;  those  around  the 
mouth  are  longer  than  the  others.  The  nutritive  system  (says  Ehrraberg) 
consists  of  an  alimentary  canal,  curved  forwards ;  it  is  furnished  witii  dig<*:$- 
tive  cells  resembling  little  purses,  which  are  attached  to  it  by  short  stalks. 
The  mouth  is  large,  situated,  as  in  Leucophrys,  obliquely  at  the  anterior  ex- 
tremity, so  that  a  brow,  as  it  were,  either  projects  over  it  or  else  forms  the 
end.  The  contractile  vesicle  is  sometimes  doubled;  the  nucleus  oval  or 
ovoid.  The  anus  is  placed  at  the  posterior  extremity.  Self-division,  longi- 
tudinal or  transverse,  has  been  observed  in  five  species. 

Dujardin  has  the  following  remarks  on  this  genus : — ^**  Ehrenbei^,  whilst 
admitting  a  genus  Bursaria,  separates  from  it  several  true  species,  and 
places  some  oj  them  in  his  genus  Leucophrys,  others  in  his  family  Kolpodea; 
whilst  the  closely  allied  genera  Kondyhstoma  and  Hagiotoma  are  confounded 
with  other  families — the  former  with  Oxytricha,  the  latter  with  ParofMcium. 
Moreover,  the  obliquity  of  the  mouth  in  Bursaria  is  not  a  sufllcient  distinc- 
tion between  that  genus  and  Leucophrys ;  and,  whilst  assigning  a  large  mouth 
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to  the  Bursaricg,  he  includes  among  them  several  species  in  which  the 
existence  of  a  mouth  is,  to  saj  the  least,  doubtful." 

The  genus  Bursaria  is  taken  as  the  representative  of  a  distinct  family,  both 
by  Bujardin  and  by  Pcrty.  The  former,  who  names  it  "  Bursarina,"  insti- 
tutes five  genera,  viz.  Plagioioma,  Ophryoglma,  Bursaria,  Spirottomum,  and 
Ccndjflostama.  The  latt^  adopts  the  same  name,  and  ranges  the  family  in 
his  section  Momma,  comprehending  Ciliata  which,  although  very  contrac- 
tile, and  clothed  by  a  soft  integument,  always  retain  their  form.  The  genera 
included  among  the  Bursarina  by  Perty  are  Lembadum  and  Bwrsariay — ^the 
former  a  new  gei^us  establLshed  by  himself  to  receive  two  species  which  he 
does  not  find  indicated  by  Ehrenberg.  Dujardin  defines  the  Bursarina  as 
"  animals  possessing  a  highly  contractile  body,  very  variable  in  form,  mostly 
oval,  ovoid,  or  oblong ;  ciliated  throughout,  and  having  a  large  mouth  sur- 
mounted by  a  band  or  surrounded  by  a  spirally  curved  row  of  cilia." 

The  genus  Bursaria  is  closely  dlied  to  Farameeium,  from  which  it  is 
chiefly  distinguished  by  the  row  of  larger,  longer  cilia  about  the  mouth,  ex- 
tending along  the  deep  fossa  in  which  that  orifice  is  contained.  In  Para- 
mecium the  cilia  are  everywhere  of  the  same  size. 

Several  of  the  Bursaries  enumerated  by  Ehrenbeig  have  been  shown  to  be 
Cpalince,  and  to  be  destitute  of  a  mouth.  These  species  are  B.  Banarum, 
B.  Eniozaon,  S.  intesHnalis,  and  B,  Nucleus,  all  which  are  ftirther  remarkable 
in  being  parasitic  in  Batrachia.  The  B.  eordiformis  is  also  a  parasite  of  the 
intestine  of  the  frog,  and,  although  a  doubtful  member  of  the  genus,  has  the 
sanction  of  Stein  to  the  generic  position  accorded  it. 

a.  Sub-genus  Bttssabia. — The  inferior  (not  anterior)  lip  reading  to  the 
frontal  margin. 


'BuBSABiAipsneateila(}L^,  The  trun- 
cated Bursaria, — Large,  visible  to  the 
naked  eye;  white,  ovate,  turgid,  trun- 
cated and  broadly  excavated  in  front, 
where  there  is  a  sunple  row  of  cilia.  In 
some  specimens,  Ehrenberg  saw  half-di- 
gested Rotifera  and  large  quantities  of 
vegetable  matter  in  the  nutritive  cells, 
and  was  able,  as  he  thought,  by  means  of 
carmine  given  as  food,  to  trace  an  ali- 
mentary canal  through  the  greater  part 
of  its  course.  In  each  vacume  the  tood 
appeals  surrounded  by  a  clear  fluid,  which 
^jirenberg  calls  bile.  A  laige  bright 
vesicle  is  seen  below  the  mouth  and 
somewhat  to  the  left  of  it,  on  which  side 
is  also  a  large  curved  but  not  articulated 
nucleus,  reaching  to  the  brow  or  frontal 
region.  In  ditches  and  ponds,  amongst 
rotten  beech-leaves.    1-48"  to  1-36". 

R  VorOceUa  (xxiv.  294).— White; 
larj^,  nearly  spherical,  and  turgid ;  an- 
teriorly truncated  and  widely  excavated, 
with  a  double  row  of  cilia.  Found  with 
Chlamt/domonas  Pukisculus  and  Gonium 
pedoraie,  which  are  sometimes  seen 
within  it,  as  in  xxiv.  294.    1-108". 

B.  vorax, — Large,  oblong,  rounded  at 
the  ends ;  mouth  ample,  bemg  one-third 
the  length  of  the  boay,  and  touching  the 
summit  of  the  frontal  region.    This  spe- 


cies has  great  resemblance  to  Urostyla 
grandis  and  StyUmychia  Umceolatay  when 
their  daws  and  styles  are  withdrawn. 
In  muddy  water  in  summer.  1-140"  to 
1-106". 

B.  {OpaUna)  Bntozoon, — Large,  cylin- 
drical, turgid,  neariy  eoually  rounded  at 
both  extremities ;  mourn  small,  near  the 
frontal  apex.  Found,  with  the  following, 
in  the  rectum  of  Bana  tempararia  (the 
Frog),  in  summer  and  winter. 

PerW  represents  this  as  a  mere  variety 
of  B.  Jxemarum,  He  HlBotreAtaB.  Nucleus 
and  probably  B.  intestinaUs  as  other  va- 
rieties of  the  same  being,  and  therefore 
Opalifus, 

R  {OpaUna?)inte8UnaU8{V%lmo  Ver- 
micuhis,  M.). — Slender,  cylindrical,  at- 
tenuated posteriorly ;  mouth  small,  situ- 
ated below  the  frontal  apex.  In  this 
species,  as  well  as  in  others,  Ehrenberg 
has  seen  transverse  self-division.  Found 
with  the  preceding.  1-240"  to  1-120". 
It  is  probably  an  OpaUna. 

R  (?)  coraiformts. — Keniform,  front 
depressed,  mouth  slightly  curved  in  a 
spirdl  manner ;  colour  white.     1-210". 

This  species  Stein  affirms  to  be  a  truo 
Bursaria ;  but  Perty  makes  it  an  Opa- 
Una, — a  view  countenanced  by  its  para- 
sitic nature. 
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R  hUrUia  {Drichoda  ignUa^  M.).  —  I  colour.    With  LemnaBi  GonfiaiTflB,  kt. 
Compressed,  ovato-trianyilar,  with  the  I  1-430"  to  1-144". 
front   sharply  crested,  of  a   brick-red  | 

b.  Fbontonia. — AiUerior  part  of  ike  body  (brow)  projects  beyond  <^  moMf 

and  is  convex. 


R  vemaHs  (Zeucophra  vire$eens,'MJ), — 
Oval,  turffid,  rounded  at  the  ends,  and 
attenuated  posteriorly.  The  mouth  has 
a  wreath  of  stiff,  short  bristles,  resembling 
teeth ;  numerous  digestive  vacuoles  are 
often  filled  with  lai^  Oscillatorise,  Na- 
viculfe,  &c.  (and  contain  a  reddish  bile, 
Ehr.).  The  progressive  digestion  of  the 
OsciUatoriiB  is  interesting  to  follow: — 
uiey  are  at  first  elastic  and  rigid,  and  of 
a  beautiful  blue-green  colour,  then  di- 
stinctly lax,  flexiUe,  and  bright  green, 
becommg  afterwards  yellowish  green, 
and  resolved  into  separate  segments, 
which  at  length  turn  yellow.  Ajnongst 
OscillatorisB  m  spring.    1-144"  to  1-120". 

R  leucas  (xxiv.  m;  xxx.  1).  — Ob- 
long, cylindrical;  extremities  nearly  equi- 
convex  (bile  colourless).  This  creature 
has  a  contractile  bladder,  with  a  curious 
jaffged  miurffin  near  the  long  open  mouth, 
with  OscilXatoried,  and  on  the  surface  of 
water.    1-144". 

B.  Fl^a  (XXIV.  296).— White,  ovate- 
oblong,  rather  acute  posteriorly ;  mouth 
inferior,  and  near  the  frontal  apex  (see 
f.  290).  1-280".  In  chalybeate  water, 
Germany. 

B.  JlavtL — Ovate-oblong,  often  acute 
at  the  posterior  extremi^;  the  mouth 
occurs  in  the  flat  concavity  immediately 
behind  the  roimd  brow.  In  bog-water. 
1-140"  to  1-96". 

"  This  species,**  says  Perty,  "  differs 
much,  both  in  its  figure  and  its  narrower 
oral  fissure,  from  true  Bttrsaria,  and 
ranges  better  with  Panophrys.**  Dujar- 
din,  again,  considers  B,  Jlava,  B,  leueas, 
and  £.  vemaUs  to  be  merely  three  va- 
rieties of  his  Panophrys  farda, 

R  (OpaUna)  Nucleus, — Small,  white, 
ovate,  attenuated  anteriorly;  extremities 
convex.  In  Bona  temporaria  and  B.  es- 
cuienta,  1-240".  Vvde  notes  on  B.  En- 
tozoon, 

B.  {OpdUnd)  Banarum. — Ovate-lenti- 
cular and  compressed,  subacute  ante- 
riorly; thebock  and  belly carinated ;  often 
truncated  posteriorly;  mouth  inferior, 
near  the  frontal  apex.    1-210"  to  1-72". 

The  mouth  here  described  has  |)een 


diligently  sought  for  by  Stein  and  others; 
but  they  can  find  nothing  more  than  a 
fold  of  the  sur&ce,  with  no  orifice  in  it, 
as  shown  by  reagents.  This  ^ecies  is 
therefore  a  meim)er  of  the  mouthleM 
group  Opalin»a  (vide  subclass  Opali- 
N-fiA,p.  S69,  andi*ls,xxiL46,47;  xxvl 
28,29). 

R  (P)  auranUaea, — Ovate-oUon^,  an- 
teriorly obtuse,  posteriorly  acute;  it  has 
an  ash-colourea  spot  near  the  mouth. 
Amongst  Oscillatori®.     1-280". 

R  arborum,  —  Oblong,  compressed ; 
very  finely  ciliated ;  ends  rounded ;  mouth 
situated  in  the  anterior  third  of  the  bodvy 
reaching  its  frontal  extremity;  a  wreath 
of  larger  cilia  extending  around  and 
backwards  from  the  mouth.  Length 
1-40'",  double  the  breadth;  vacuolee 
numerous,  and  two  globular  nuclei  seen. 
On  moss  of  trees. 

B.  triquetra, — Ovate-lenticular;  very 
finely  ciliated ;  dorsum  flat;  venter  tumd 
and  slightly  keeled,  hence  an  impenect 
triquetral  figure  of  the  animal ;  anterior 
extremity  subtruncate ;  oral  fissure  long, 
extending  from  the  frontal  end,  frin^ 
with  a  row  of  strong  cilia  extending 
backwards;  nuclei  two,  small;  veside 
lar]^,  contractile,  simple,  near  the  pos- 
terior extremity.  Swims  slowly.  l-W"'. 
On  moss  of  trees. 

B.  Blattcarum  (Stein).— Is  very  like 
B,  eordifcrmis,  but  more  compressed; 
rounded  in  front  where  there  la  a  very 
opaque,  sharply-defined,  coarse-granular, 
and  posterior  to  it  the  transverse  oral 
nucleus.    In  intestine  of  Blatta, 

B,  patula  (IHn.  and  Perty) =Z«i«>- 
phrys  patula  (£nr.) ;  Bursaria  rv^ens 
(Pertv)  as  Spirostomum  virens  (Ehr.); 
and  Mursarta  spirigera. 

B.  Loxodes  f  Perty)  s  Loxodes  Bursaria 
(Ehr.). — Under  no  circumstances  can 
this  species  (says  Perty)  be  reckoned  with 
Loxodes  (Eto.),  or  with  P^flecida  (Duj.). 

B.  lAinU>rict(Stem)^IiayioiomaIjum- 
brici  (Duj.)  =  Paramecium  eomuaressum 
(Ehr.)  is  a  Bursaria,  not  a  jhtrams- 
dum,  having  a  row  of  longer  cilia  about 
the  mouth  and  ventral  sumce. 


Genus  SPIBOSTOMUM  (XXIV.  296»-298).— Body  elongated,  or  ribbon- 
shaped,  flexible  and  ciliated,  the  frx>ntal  region  contanuous;  mouth  lateral, 
spind-shaped,  devoid  of  teetii,  but  with  a  tremulous  flap.     The  locomotive 
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cilia  aie  disposed  in  rows ;  those  at  the  mouth  are  longer,  and  form,  as  in 
Stenicr,  a  spiral  wreath  aroond  it ;  m  8.  amhigtntm  the  brow  and  wreath  are 
remarkably  long.  Vacuoles,  to  the  number  ci  ninety,  have  been  seen  filled 
with  coloured  food,  and  the  discharge  ot  the  latter  observed.  The  anus  is 
placed  at  the  posterior  extremity.  [A  band-like  thick  ^and  (nucleus)  is  seen  in 
8.  virenSy  and  a  bead-like  one  in  o&er  species.]  The  former  likewise  possesses 
a  large  contractile  yesicle,  and  green  granules ;  in  8,  ambiffuum  the  granules 
are  white.  Self-division  has  not  been  observed,  but  Ehrenberg  presumes  that 
it  takes  place  transversely. 

The  Imnd-like  or  momliform  gland  mentioned  by  Ehr^iberg  is  in  fact  a 
pulsating  vessel  extending  almost  the  entire  length  of  the  animalcule.  The 
genus  does  not  belong  to  Trachelina,  but  to  a  family  repres^ited  by  8tentor, 
which  TaehmanTi  and  others  would  establish  with  the  name  of  Stentoiina. 
Perty  transfers  8piro8tomwn  to  Urceolarina,  in  which  family  it  is  united  with 
Steniar,  C<momorphay  and  Urocentrwn.  (See  remarks  on  YoAncxLuirA, 
p.  679.) 


SpiBOSTOinTH  virena  {Bwrsaria  tpiri- 
geroy  D.)  (xxiv.  206*).— Ovate-elongate, 
deproesed ;  tnmcat^  anteriorly,  and 
rounded  posteriorly.  Thebackisurched, 
and  the  under  side  flat.  The  green  gra- 
nules are  sometimes  absent  (£.  296*). 
1-120"  J  ova  1-6000". 

S.  amhimtum  (LeucophryB  \Tnchoda] 
ambigya,  M.)  (xxiv.  297,  298.)— White, 
cylindrical,  filiform,  flexible ;  obtuse  an- 
teriorly, truncated  posteriorly  ^  an  elon- 
gated mmtal  region  or  brow  extends  be- 
yond the  mouui.  The  lonfi^  vibrating 
GiHa  in  front  often  appear  like  a  pro- 
boscis, and  were  mistaken  for  such  by 
MuUer.  The  structure  of  this  creature 
is  remarkable,  especially  the  mouth, 
whidi  is  only  one-fifth  from  the  tail; 
thus  the  frontal  region  or  brow  is  very 
long,  and  the  alimentary  canal  (adcCs 
Ehr.),  first  inflected  forwards,  returns 


along  the  body.  From  the  mouth  to  the 
anterior  or  top  of  the  brow  runs  a  long 
ciliated  furrow  (xxrv.  297  and  298).  In 
swimming,  they  extend  themselves,  and 
are  readily  perceived  by  the  ntJced  eye. 
In  ditches,  among  decaying  oak-leaves 
and  rotten  wood.     1-12'C 

Both  Bujardin  and  Perty  consider  this 
animalcule  to  be  the  same  as  that  other- 
wise described  by  Ehrenberg  as  Uro^ 
leptua  Fihmi, 

S.  senwervtreseens  (Perty).  —  Body 
round,  filled  with  green  granules  j  tad 
broad^  flat,  and  colourless.  Ciha  at 
antenor  extremity,  clearlv  seen.  The 
ffreen  colour  was  probably  due  to  the 
food.  1-96".  Among  Lemnse,  but  only 
once.  It  is  allied  to  Kondylosioma 
(Buj.),  which  differs  from  it  by  its 
marme  habitat 


Genus  PTTTALTNA  (XXIV.  299).— The  frontal  ciliated  portion  is  sepa- 
rated from  the  non-dliated  body  by  a  constriction  or  neck ;  mouth  lateral, 
devoid  of  teeth.  The  motion  of  these  creatures  is  due  to  the  powerful 
wreath  of  cilia  over  the  mouth.  Ehrenberg  says,  cilia  may  possibly  be 
present  upon  the  surface  of  the  body,  since  Miiller  described  them  in  Tridkoda 
meCUtea,  A  contractile  veside  (perhaps  two)  is  situated  posteriorly.  Self- 
division  probably  transverse. 

Bujardin  rejects  this  genus ;  and,  in  Forty's  opinion,  the  animalcules  it 
includes  are  no  other  than  more  contracted  and  younger  specimens  of  2Va- 
(hdocerea  lingmfera  or  of  Lacrymaria.  Amongst  them  are  specimens  with 
an  evident  terminal  flap  or  tongue,  and  others  with  incompletely  developed 
necks.     Their  movements  are  rapid.     (See  notes  on  Lacbtmabia,  p.  609.) 


PHIAI.INA  wnnictdarii  (Drtchoda  tw- 
nuctdaris,  M.). — Ovate,  attenuated  an- 
teriorly; neck  very  short:  colour  white, 
WithlenmiB.    1-240". 

P.  viridis  (xxiv.  299).— Bottled-shaped, 
anteriorpart  acute,  the  posterior  gradually 


attenuated;  neck  very  short  1-280". 
There  is  nothing  distinctive  in  the 
assigned  characters  of  this  species ;  the 
slight  difference  in  form  may  arise  from 
the  varying  amount  of  contraction.  The 
green  colour  is  valueless. 
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Genus  GLAUCOMA  (XXIV.  300^302 ;  XXVIII.  4-7).— Body  oval,  com- 
pressed, covered  with  cilia ;  qiouth  provided  with  a  tremulous  flap,  but  no 
teeth.  Ehrenberg  described  the  reception  and  discharge  of  food,  and  the 
presence  of  digestive  vacuoles,  and  therefore  saw,  in  these,  indications  of  the 
existence  of  an  alimentary  canal.  The  large  mouth,  with  its  vibratory  valves, 
is  situated  on  the  inferior  side,  in  advance  of  the  middle.  The  anus  is  situated 
on  the  ventral  surfSeu^,  near  the  posterior  extremity,  or  at  the  extremity 
itself.  The  internal  organs  are  a  large  ovate  gland,  a  star-like  contractile 
sac,  and  granules.     8elf-division  transverse  or  longitudinal. 

Olaueoma  is  comprised  by  Dujardin  among  his  Paramedna.  Perty  con- 
structs a  family  out  of  this  genus,  along  with  Cinetochilum  (vide  CYCuniUM, 
p.  572),  which  he  designates  Cinetochilina,  and  characterizes  as  animalcules 
having  a  mouth  on  the  upper  side,  surmounted  by  a  vibrating  valve  (like  a 
tremidous  eyelid).  Cilia  disposed  in  longitudinal  rows.  It  will  be  noticed 
that  the  mouth  is  described  to  be  on  the  upper  side  instead  of  the  under,  as 
stated  by  Ehrenberg,  with  whom  we  agree. 

The  anus  is  on  the  ventral  surface,  near  the  posterior  extremity.  TjachmanTi 
describes  two  flaps  to  the  mouth,  but  Perty  says  the  second  is  simply  an 
expansion  of  the  maigin  of  the  mouth. 


Glaucoma  scintiUans  (  CycUdiumBvUa, 
M.)  (xxvni.  4r-7V — ^Elhptical  or  ovate, 
colourless,  slightly  depressed;  vacuoles 
large.  The  vibrating  flap  appears  to  be 
semi-oval  or  reniform  and  smooth,  and 
to  have  a  stiff  margin.  The  cilia  are 
seen  by  employing  colour  or  by  pressing 


or  drying  the  animalcules  (xxrv.  dOO- 
302).  In  natural  and  artificial  infusions. 
1-280". 

G.  virtdit  (Duj.). — Green,  oval,  short; 
mouth  large,  situated  nearer  the  centre 
than  to  the  anterior  margin.  1-800"  to 
1-620".    In  rain-water  butts. 


Genus  CHILODON  (XXIV.  303-509 ;  XXIX.  48-69).— Body  iiregulariy 
oval,  flattened,  regularly  ciliated ;  fix)ntal  region  produced  in  the  form  of  a 
broad  membranous  lip,  on  one  side,  resembling  a  beak ;  the  mouth,  situated 
at  its  base,  and  therefore  lateral,  is  famished  with  a  tubular  fascicle  of  teeth. 
A  round  nucleus,  one  or  more  contractile  vesicles,  and  transverse  and  longi- 
tudinal self-division  have  been  observed. 

This  genus  along  with  Nasmla,  Prorodon,  and  two  newly-instituted  genera, 
Cyclogramma  and  Habrodon,  are  grouped  together  in  the  system  of  Party, 
as  a  femily  styled  "  Decteria,^*  which  is  thus  characterized : — "  Mouth  beset 
with  a  circlet  of  flne  bristles.  In  the  first  three  genera  the  mouth  is  lateral ; 
in  the  remaining  two,  anterior." 

Stein  makes  Chilodon  distinct  from  Nassula,  by  its  body  being  compressed, 
having  a  distinct  upper  and  under  surface,  and  a  lip-like  process  above  the 
mouth. 


Chilodon  CucuUutm  {Kolpoda  CticuUus, 
M.)  (XXIV.  303-307;  xxix.  48-69).— 
Body  depressed;  oblong  or  ovate,  rounded 
at  the  ends ;  frontal  region  advancing  on 
the  right  side.  [EhrenDerg  states  he  has 
often  seen  the  straight  alimentary  canal, 
with  its  ^pe-like  ceUs,  filled  with 
large  NavtcukB.]  Contractile  vesicles 
from  two  to  three;  nucleus  large,  oval 
near  the  centre.  The  circlet  of  teeth 
was  stated  by  Ehrenberg  to  consist  of 
little  hard  wand-like  bodies,  which  the 
creature  could  separate  so  as  to  admit 
into  its  mouth  large  living  bodies,  and 


afterwards  contract  or  close  upon  them 
(xxiv.  308,  309).  The  anus  is  at  one 
side  of  the  posterior  extremity.  In 
swimming,  or  creeping  upon  the  sur&ce 
of  Confervse,  the  mouth  is  turned  under 
or  below.  Its  motion  is  gliding ;  and  it 
does  not  revolve  in  swimminp.  When 
the  water  is  coloured,  the  cilia  mav  be 
easily  perceived,  and  their  dispoeition 
when  it  is  dried  up.  (Figs.  305  and  306 
exhibit  longitudinal,  and  307  transverse 
self-division.)  In  fresh  and  salt  water. 
1-1150"  to  1-140". 
This  species  has  I'eceived  a  close  in- 
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vestigation  by  Stein.  The  circlet  of  teeth 
(bacUlar  apparatus,  Lachmann)  is  con- 
Btnicted  of  no  actoallj  separate  portions 
or  teeth,  as  Ehrenbers^  supposea,  but  ib 
nothing  more  than  a  tnickened  oesopha- 
gus with  denser  rug»,  or  folds,  of  a  chi- 
tinous  composition.  From  its  lower  end 
a  digestive  tube  extends  to  nearly  the 
centre  of  the  body. 

C.  tincmatiis,  —  Depressed,  oblong, 
rounded  at  the  ends.  The  rirfit  side  of 
the  anterior  part  is  produced,  so  as  to 
appear  like  a  hook  or  beak.  In  vegetable 
iniusions.     l-43(y'. 

This  being  is,  in  Stein's  opinion,  a 
mere  Tariet^  of  C,  CucuUulus :  the  bulging 
out  of  the  side  has  a  somewhat  hook-like 
process ;  but  this  is  a  Aere  accidental  re- 
sult following  the  process  of  longitudinal 
self-division  (Jft/tM.  p.  130).  It  has  been 
seen  to  encyst  itselfl 

C.  €utreu$, — Ovate-conical,  turgid,  of 
a  golden  yellow  colour  |  dilated  and  ob- 
tusely rostrated  anteriorly,  attenuated 
posteriorly.     1-140". 

C.  omaius. — Ovate  subcylindrical,  of 
a  golden  yellow  colour,  equally  roimded 
at  both  ends,  slightly  beaked;  it  has  a 
bright  violet  spot     1-180*'. 

The  violet  spot  spoken  of  has  no  di- 
stinctive peculiarity ;  it  is  not  a  normal 
coloured  gastric  fluid,  but  only  a  collec- 
tion of  granules,  the  same  as  in  Ncasula 


[lis  species,  together  with  the  fore- 
going C.  aureus  and  the  Nassula  aurea, 
are  so  very  similar,  that  Stein  doubts 
their  independent  nature,  and  is  more  dis- 
posed to  regard  them  as  developmental 
phases  of  the  same  being. 

C.  dofressus  (Perty). — ^Irregular,  with- 
out a  beek,  and  rounded  at  ooth  ends ; 
compressed;  almost  colourless.  Trans- 
parent, with  greyish  contents.  Upper  and 
imder  surfaces  equally  flat.  Tooth-cylin- 
der very  evident    Switzerland.  1-120". 


Stein  states  that  the  body  is  bilateral, 
presenting  a  distinct  right  and  left  side, 
an  upper  (dorsal)  convex  and  a  lower 
(^ventral)  flat  surface.  The  anterior  end 
is  much  flattened  and  traasnarent ;  and 
being  curved  towards  the  left  side,  gives 
the  whole  being  a  somewhat  reniform 
figure.  The  depression  on  this  side  is 
always  in  advance  of  the  middle  of  the 
body,  just  as  in  Paramecium  Colpoda  and 
Co^poda  CuculhUus,  The  anterior,  curved 
transparent  end  surmounts  the  body  like 
a  crescentic  process,  is  furnished  with 
longer  cilia  than  elsewhere,  and  may  not 
inaptly  be  called  the  lip.  Vibratile  cilia 
cover  the  body  in  regular  rows,  but  in 
very  younff  spBcimens  are  invisible  ex- 
cept on  the  lip.  The  oval  nucleus  is 
hollowed  by  a  cavity,  within  which  is  a 
nucleolus.  Longitudinal  and  transverse 
fission  takes  place  in  individuals  of  aU 
sizes.  The  former  advances  from  the 
posterior  extremity;  the  oesophageal 
(dental)  cylinder  is  not  divided,  but  is 
produced  de  novo  in  the  newly  produced 
segment:  this  se^ent,  when  first  de- 
tached, is  the  Chilodon  uncinatm  (Ehr.). 
ChUodon  CucuUulus  encysts  itself :  a  soft 
gelatinous  matter  \s  first  thrown  out 
around  it,  which  hardens  into  the  cyst- 
wall  ;  during  this  process' the  superficial 
cilia  and  the  oesopnageal  cylinder  disap- 
pear, and  at  length  an  oval  cyst,  with  a 
large  nucleus,  and  two  to  three  contractile 
spaces  alone  appear.  Gradually  a  cili- 
ated embryo  is  developed  from  the 
nucleus,  resembling  in  external  charac- 
ters a  Cyclidium  Glaucoma.  The  embryo 
escapes  from  the  parent  animal;  and 
cysts  are  sometimes  found  containing 
the  {)arent  and  its  offspring  side  by  side 
within  it  The  development  of  embrvos 
may  go  on  until  the  nucleus  is  expended. 
The  size  of  the  geim  is  determined  by 
that  of  its  parent. 


Genus  NASSULA  (XXIY.  310,  311 ;  XXVni.  2,  3,  11-15).— Covered 
with  cilia ;  ovoid  or  oblong ;  turgid  and  prominent  in  front,  but  without  the 
expansion  or  beak  on  one  side ;  mouth  lateral,  provided  with  a  circlet  of  teeth, 
in  the  form  of  a  wheel  {nassa),  Numerous  vacuoles  are  seen,  and  in  two 
species,  as  Ehrenberg  states,  the  discharging  orifice.  The  violet- coloured 
£p:«niilar  spots  noticed  in  Chilodon  omatus  occur  also  in  the  species  o^Nassula, 
and  are  likewise  met  with  in  Bwrsaria  vemalis,  Trachelitis  Meleagris,  Amphi- 
lepfus  margaritifer,  A.  MeleagriSy  and  A,  longicollis.  •*  They  resemble,"  says 
Ehrenberg,  "  the  vesicular  glands  around  the  stomachs  of  the  Rotatoria,  and 
are  probably  of  a  glandular  nature,  analogous  to  biliary  glands,  and  concerned 
in  the  process  of  digestion."  The  nucleus  is  large,  oval  or  spherical ;  and  there 
are  one  or  more  contractile  vesicles.     Only  transverse  self- division  has  been 

2s 
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observed.  They  are  fotmd  in  stagnant  water,  especially  where  Conferve  and 
OsdllatorisB  are  present. 

The  Tiolet-coloured  supposed  digestive  glands  or  cells  are,  in  the  opinion 
of  others,  simply  vesicles  coloured  by  the  OsciUatoria  on  which  the  animal- 
cules feed  (p.  312). 

This  genus  and  the  preceding,  ChUodon,  are  very  closely  allied.  Stein 
finds  the  best  distinctions  between  the  two  in  the  rounded  body  with  the  ex- 
tremities obtuse  and  rounded  off,  in  the  case  of  Nasstda,  and  in  the  flattened, 
compressed  body,  with  decided  ventral  and  dorsal  surfaces  and  with  a  Hp-like 
process,  in  Ohilodon, 


Nassula  elegam  (xxiv.  810,  311; 
xxvm.  11-16).  —  Cylindrical  or  oval, 
cdightly  attenuated  in  firont,  extremities 
very  obtuse.  It  is  white  or  greenish, 
spotted  with  violet  vesicles.  Vacuoles, 
containing  Chlamidomonads  or  other 
food,  may  often  be  observed :  and  from 
fifteen  to  twenty  rows  of  cilia  mav  be 
seen  on  one  aspect  The  animalcule 
swims  backward  and  forward,  turning 
upon  its  longitudinal  axis.  The  mouth 
is  easily  perceived  bv  the  currents  when 
indigo  IS  mixed  with  the  water :  it  has 
a  circlet  containing  twenty-six  little 
wands  or  teeth,  which  can  voluntarily 
diverge  or  converge  anteriorly.  Four 
round  contractile  vesicles,  placed  in  a 
row,  occur  on  the  dorsal  surfiace,  and 
doubtless  represent  four  expansions  of  a 
continuous  contractile  vessel  alon^  that 
region.  The  violet  vesicles  mentioned 
are  only  accidental  (i,  e,  not  neoeesaiy) 
collections  of  pigment  matter,  derived 
from  the  food  (see  p.  812).  When  self- 
division  ensues,  the  laige  central  nucleus 
divides  (xxiv.  810, 811 ;  the  latter  is  a 

f'oung  one).  WiUi  Lemnss  and  Con- 
isrvcB.  1-140"  to  1-120".  Naatula  ele- 
gam  is  thus  characterized  by  Cohn: — 
Elongate  with  rounded  extremities; 
OBSopnagus  funnel-shaped;  no  cylinder 
of  teeth  present  as  in  iV.  ornaUt,  Con- 
tractile vesicles  two;  nucleus  elliptic, 
with  nucleolus  lodged  in  a  fossa  at  one 
end.  A  large  mass  of  violet  granules  on 
under  surface  posteriorly.  It  resembles 
but  is  smaller  than  Paramecium  Aurelia, 
and  has  a  similar  cuticle.  With  Bursaria 
truncateUa  and  Ophryoglena  atra.  It  is 
smaller  than  N.  omata.  Its  changes  of 
form  are  remarkable;  often  dependent 
on  swallowed  joints  of  OsciUatoria,  Cilia 
very  closely  disposed. 

N.  omata  (A.  tiridis?y  D.)  (xxvm. 
65-71). — Ovate  or  globular,  depressed, 


fe 


of  a  brovmish-green  colour,  variegated 
with  numerous  violet  vesicles.  The 
posterior  part  of  the  body  has  a  small 
excavation.  Ehrenberg  says,  there  are 
from  six  to  eight  groups  of  vesicles, 
forming  a  wide  circle  roimd  the  mouth, 
filled  with  a  violet-coloured  juice,  whidi 
is  discharged  with  the  excreta,  and  ap- 
pears like  drops  of  oil,  but  soon  mixes 
with  and  colours  the  water.  It  swims 
rapidly,  rotating  also  on  itself  but  this 
only  slowly.  Among  swimming  clusters 
of  OsciUatoria,  1-96" ;  ova  l-^SOCT.  It 
has  been  seen  in  an  encysted  state. 

N.  aurea, — Ovate-oblong,  neariy  cylin- 
drical, very  obtuse  at  the  extromties. 
Its  colour  varies  from  gold^i  yellow  to 
a  dark  brown.    1-120"'. 

Stein  hints  it  ils  probable  that  this 
species  and  N,  viridu  (Duj.),  CkUodm 
aureusy  and  Ch,  omabms  are  merely  dif- 
ferent stages  of  the  same  animaL 

N.  amiimia  (Stein)  (xxvm.  2,  3).— 
Rounded, snort  oval;  extaremities  eqtulljr 
rounded.  Entire  sur&ce  covered  by  cilis 
in  longitudinal  rows.  The  wedge-snan^ 
oral  opening  surmounts  a  very  wide  pW 
rynx  (tooth-cylinder,  £hr.)  which  may 
l>e  easuy  isolated.  The  contractile  vesicle 
acquires  a  stellate  figure  during  its  con- 
tractions and  dilatations,  like  that  of 
ChiUodon  omatuB,  The  contents  are  ori- 
ginally colouriees,  but  become  tinted 
green,  blue,  and  red  successively,  during 
theprocess  of  digestion  of  the  OsciUatoria 
it  feeds  upon.  It  occurs  encysted,  in 
a  transparent,  resistant,  globular  cyst 
Length  1-240" ;  width  1-SO". 

N.  concmna  (Perty).— Ovate,  hyaline, 
transparent ;  covered  everywhere  with 
fine  granules  having  an  annular  arranffe- 
ment.  Dental  apparatus  particulariy  ae- 
licate,  more  evident  when  dried.  'Cilia 
very  fine ;  movements  sluggish ;  anal 
opening  at  posterior  extremity.    1-216". 


Genus  LIOSIPHON  (Ehr.). — Tuigid;  ciliated  throughout;  frx^ntal  ex- 
tremity advanced  beyond  the  mouth,  and  not  auriculate.  Mouth  opens  into 
a  tubular  membranous  pharynx,  provided  with  a  cylinder  of  teeth. 
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This  IB  a  new  genus  institated  by  Ehrenberg.  Its  essential  distinction  from 
Nassula  is  not  pointed  out,  the  only  one  indicated  being  the  prolongation  of 
the  frontal  region  beyond  the  oral  aperture. 

lnosTPMOV Stron^tlm, — Obtuse, orate;  I  pharynx  of  a  clayate  outline.  1-36'". 
of  a  variegated  green  colour ;  tube  of  |  \Vith  OsdUaUnia. 

The  genera  named  by  Dujardin,  having  a  near  affinity  with  Bursaria,  are 
Plagtotoma,  Kondylostoma,  Opalina,  and  Panophrys,  Two  others,  Acineria 
and  Pelecida  (Duj.),  are  described  as  allies  of  Tra^lius. 

denus  OPALINA. — Already  described  in  the  Astomatous  family  Opalinsea 
(vide  p.  569). 

Genus  PLAGIOTOMA  (Buj.).— Body  very  flat  or  lamellar,  very  flexible, 
irregularly  oval ;  sinuous  or  emaiginate  on  one  side,  and  sometimes  angular 
behind ;  covered  with  cilia  in  regular  rows ;  mouth  lateral,  near  the  middle, 
at  the  bottom  of  the  depression,  with  a  row  of  strong  and  very  numerous  cilia 
in  advance  of  it  on  its  anterior  margin,  having  a  comb-like  aspect. 


of  a  yellowish  grey  colour  from  contained 
molecules.  Owing  to  its  want  of  trans- 
parency, the  fine  short  cilia  are  visible 
only  around  the  perinhery.  Motion  ex- 
tremely languid,  osculating  and  revolv- 
ing. 1-260".  In  the  interior  of  Ano~ 
doiUa  Cdlensk, 


PuiOiOTOMA  Lumbrici  =  Paramecium 
eompre$$um  (£hr.). — Stein  shows  this  to 
be  a  true  Bur$aria  (see  p.  622). 

P.  eoneharum  (Party)  =  Leucophryt 
Anondanta  (Ehr.).— This  and  the  fore- 
going are,  in  Stein*s  opinion,  Opalina 
(see  p.  670). 

P.  (P)  Affarmii, — Irr^^ular,  thick,  and 

Graos  KOKDYLOSTOMA  (Duj.).— Body  more  or  less  elongated,  cylin- 
drical or  frudform,  rather  cresoentic,  with  obtuse  and  flattened  ends ;  mouth 
very  large,  bordered  by  very  strong  cilia,  and  placed  on  one  side  near  the 
anterior  extremity ;  surface  obliquely  striated  and  ciliated.  It  swallows  its 
foody  consisting  of  other  animalcules  or  of  vegetable  debris,  rather  after  the 
manner  of  Planarias  than  of  Paramecina ;  for  it  does  not  draw  it  in  by  the 
action  of  its  cilia  in  producing  a  vortex.  It  lives  only  in  smooth  and  pure 
•ea- water  among  AlgsD,  <fec. 

KoNDYLOSTOMA  potens, — ^Body  white, 
or  coloured  by  the  food  received ;  at  times 
vermifbrm,  at  others  fusiform,  and  often 


modified  in  figure  by  the  bulk  of  food 
swallowed. 


Genus  PANOPHRTS  (Buj.)  (XXVI.  33).— Ciliated  throughout;  oval, 
depressed,  contractile ;  becoming  ovoid,  or  even  globular,  during  contraction ; 
surface  marked  by  straight  or  oblique  ciliated  strisB,  crossing  one  another ; 
mouth  lateral.  Dujardin  writes — ''  Being  desirous  of  characterizing  Bttr^ 
saria  by  the  row  of  large  dlia,  en  moustache,  which  lead  to  the  mouth,  I  have 
thought  it  right  to  establish  a  new  genus  for  certain  Bursarice  of  Ehrenberg, 
whidh  are  devoid  of  this  character,  and  whose  mouth  is  surrounded  by  only 
ordinary  cilia."  Unlike  the  Parameda,  they  have  no  anterior  oblique  fold 
or  foBsa,  and  are  able  to  contract  themselves  into  a  ball.  They  differ  from 
Holopkrya  by  their  lateral  mouth.  They  live  either  in  fresh  smooth  water, 
<Nr  in  sea- water  among  plants. 

In  Perty^s  system  it  constitutes  a  member  of  the  family  Paramecina ;  and 
this  is  its  true  position,  if  the  cilia  are  throughout  of  equal  length.  Indeed 
the  characters  assumed  to  be  distinctive  of  it  from  Paramecium  appear  to  us 
ineonchisive.  A  lateral  fold  or  vestibulum  leading  to  the  mouth  is  not  entirely 
wanting,  although  less  developed  than  in  most  Parameda ;  and  as  to  their 

^  s  ^ 
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greater  contractile  power,  this  really  is 
proper  generic  character. 


and,  if  true,  is  not  a 


Panophrys  Chrysalis  (xxvi.  33). — 
Ovoid,  oblong,  depressed,  mouth  accom- 
panied by  an  enlargement,  and  placed 
near  the  front  extremity.  1-146"  In 
sea-water. 

P.  ruhra  (?). — Reniform,  covered  with 
fine  cilia,  and  provided  with  a  lateral 
mouth  near  the  front  extremity.  1-370" 
to  1-326".  In  sea-water.  Only  pro- 
visionally named. 

V.farcta, — Ovoid,  oblong,  filled  with 
particles  of  a  green  reddish-yellow  hue, 
or  of  various  mingled  colours;  mouth 
lateral,  placed  between  the  centre  and  the 
anterior  third  of  the  body.  Its  outline 
is  very  changeable,  its  movements  rapid. 
The  colour  is  seldom  green.  1-146"  to 
1-96".  In  marsh-water  amonff  plants. 
I  think  it  is  the  animalcule  aescribed 
under  three  names  by  Ehrenberg,  viz. 
Bursaria  vemalis,  B,  leticas,  sndB.Jlava, 
and  is  probably  the  same  as  Leucophra 
virescens  of  Miiller. 

Although  Perhr  acquiesces  in  the  be- 
lief that  the  yellow-coloured  specimens 
of  this  species  are  the  Bursaria  Jlava 
(Ehr.),  yet  he  thinks  Duiardin  wrong 
in  claiming  B,  leucas  and  !a.  vemalis  as 
varieties. 

P.  conspicua  (Perty). — ^Large;  cylin- 
drical, scarcely  smaller  behind  than  in 
front ;  mouth  round.  Coloured  by  food 
dark  ^en.  Swims,  revolving  at  the 
same  time  with  moderate  speed.  1-96". 
In  peaty  ponds  with  Lemnee. 

P.  sordida  (Perty). — Cylindrical,  more 
or  less  elongated;  colour  dark,  earthy- 
brown.  Mouth  small.  Cilia  covering  the 
body,  fine.  The  position  of  the  internal 
molecules  varies  even  during  examina- 
tion, and  the  figure  with  them.  1-180" 
to  1-96".    Among  Chawe. 

P.  griseola  (Party)  (xxvni.  31).  — 
Broadf,  distended ;  grey,  but  transparent, 
with  a  fine  reticulate  appearance ;  mar- 
ginal concentric  striae.  Sometimes  occu- 
pied  with   chlorophyll-granules,  when 


it  much  resembles  Ophryoglena  ffriteo- 
virens.  The  mouth  appears  lixe  an 
elliptic  fold  in  a  shallow  fossa  in  the 
anterior  hal£  It  swims  and  turns  on 
itself  with  much  activity.  Transverse 
fission  observed.  1-300"  to  1-106". 
Among  decaying  plants. 

P.  zonaUs  rPer^). — ^Elongated,  ovate- 
cylindrical  ;  nyaline,  witii  a  central  zone 
of  dark  molecules.  ExtremitieB  equally 
wide,  and  rounded.  Fissure  of  the  mouth 
beset  with  stronger  cilia.  Movements 
rather  sluggish.  Body  ciliated  throngh- 
out     l-lgg". 

This  scarcely  seems  a  tm^  Panophrys  \ 
for  the  oral  cilia  are  said  to  be  laiger 
than  those  on  the  body,  contiazy  to 
Dujardin's  characters  of  the  genus. 
Moreover  its  chief  peculiari^,  riz.  the 
zone  of  darker  granules,  is  an  insufficient 
specific  feature ;  and  when  we  are  told 
by  Perty  that  he  has  only  once  seen  a 
small  specimen,  this  supposed  species  has 
few  claims  to  notice. 

F,  paramecioides  (Perty).  —  Cylindri- 
cal, slightly  curveo,  its  postenor  end 
somewhat  thicker  than  the  anterior; 
colourless ;  rows  of  cilia  very  numerous 
and  fine.  Its  molecular  structaie  re- 
sembles that  of  Paramecium  AurtHa. 
Movements  ener^tic,  twisting.  The 
mouth  is  placed  m  a  shallow  fossa  oa 
one  side  of  the  body.  1-168".  An  un- 
common form  in  Switzerland. 

There  is  scarcely  anything  in  the  above 
description  which  is  not  compatible  with 
the  belief  that  the  animalcule  in  ques- 
tion is  either  a  Bursaria  or  a  ParameciunL 
Moreover,  reference  to  Perty *8  figures 
lends  no  aid  to  the  determination  of  the 
question ;  and  we  must  confess  our  in- 
ability to  find,  in  his  illustrations  of  the 
genusPonopAry*,  any  sufiiciently  detailed 
particulars  to  enable  us  to  distinguish 
either  of  the  species  named  as  memben 
of  it  from  probable  representatives  of 
allied  genera. 


Genus  BLEPHARIS3IA  (Perty)  (XXVin.  33,  34).— Body  compressed, 
lancet-shaped,  with  a  pointed  posterior  extremity,  whence  a  deep  fossa  ex- 
tends as  far  as  the  middle,  fringed  with  longer  and  straighter  dlia  than  cover 
the  rest  of  the  body.  The  internal  molecules  are  disposed  in  langitudinal 
rows,  over  which  the  very  fine  and  inconspicuous  cilia  are  arranged. 


Blephabisma  hyalinum  (xxvin.  33, 
34). — Colourless,  except  when  occupied 
by  swallowed  chlorophyll-particles.  Body 
thin,  flexible,  and  changeable  in  form; 


older  specimens  are  broader.  Movements 
varied  and  tolerably  rapid.  SometimsB 
a  few  large  and  non-vibratile  filamentB 
appear   to    issue  from    the   oral  foMS. 
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Among  Confervse  and  Lemnffi ;  not  com- 
mon. 

R  persictnum  =  IVidioda  striata  (?) 
(Miill.). — Colour  reddish-yellow ;  yomig 


specimens  paler. 
1-210"  to  1-144". 
preceding;  rare. 


Fission    transverse. 
At  Bern,  with  the 


Genus  ACINIEEIA  (Duj.)  (XXVI.  21  a,  6).— Body  oblong,  depressed,  or 
lanceolate,  with  a  row  of  cilia  extending  forwards  on  one  side,  which  is  curved 
like  a  sabre.  Distinguished  from  Trachelius  by  the  disposition  of  the  row  of 
cilia  and  the  curvature  forwards.  As  in  TracheliuSj  the  examples  of  this 
genus  seem  destitute  of  a  mouth,  and  in  this  respect  they  especially  differ 
from  those  of  Pelecida, 


AciNERiA  mcurvata  (xxvi.  21  a,  b). — 
Contractile,  oblong,  compressed,  almost 
lamellar,  round  or  obtuse  behind,  con- 
tracted and  curved  in  front;  a  row  of 
cilia  runs  along  the  convex  edge;  and 
there  are  five  or  six  granular  strines, 
and  one  or  more  variable  vacuoles. 
1-590".    In  the  Mediterranean.    It  ap- 


pears to  be  without  a  reticulated  and 
contractile  inte^fument 

A.  acuta. — Diaphanous,  with  granules 
dispersed  in  its  mterior;  oblong,  com- 

Eressed,  pointed  at  its  two  ends;  or 
mceolate,  with  one  side  more  convex 
in  front  and  fringed  with  cilia.  1-580". 
In  pond- water. 


Grenns  PELECIDA  (Duj.). — Body  flexible,  contractile,  oblong,  compressed, 
rounded  behind,  curved  in  the  form  of  an  axe  in  front,  ciliated  throughout, 
and  furnished  with  a  mouth  either  visible  or  indicated  by  the  various  objects 
met  with  in  the  interior  of  the  animals. 

The  animalcule  assumed  as  the  type  of  this  genus  is  the  Loxodes  Rostrum 
of  Ehrenberg.  It  is  stated  to  differ  from  the  Paramecina  by  the  absence  of 
a  contractile  integument.     Perty  introduces  it  into  his  system. 


Pklecida  JRostrum  (Duj.)  =  Loxodes 
Rostrum  (Ehr^. 

P.  castata  (Perty). — Small ;  with  two 


to  four  longitudinal  folds.    Colourless. 
1-820"  to  1-210".    Bern.    In  ponds,  &c. 


Genus  LEMBADION  (Perty)  (XXVIII.  60,  61).— Body  oval,  rather  ven- 
trioose ;  with  one  more  or  less  deep  and  wide  fUrrow  running  nearly  the 
entire  length  of  the  ventral  surface.  About  twenty  rows  of  cilia  on  the  dorsal 
aspect ;  on  the  margin  of  the  furrows,  and  at  the  posterior  extremity,  are 
longer  cilia. 

Internally  from  two  to  eight  translucent  laige  round  vesicles  are  visible. 
In  Perty's  dassiflcation  this  genus  is  a  member  of  the  family  Bursarina 
(see  p.  621). 

Lembadion  'huOinumssBursaria  hut- 
Una  (Miill.)  (xxvm.  50,  51).— Hyaline, 
filled  with  very  delicate  molecules ;  the 
spherical  and  often  veir  large  internal 
vesicles  differ  much^  both  in  number  and 
position.  A  proboscis-like  process  occurs 
at  the  anterior  extremity.  Movement 
tolerably  quick,  often  gyrating.  Trans- 
Terse  fission  has  been  observea.  1-240" 
to  1-190".  In  spring-water.  Bern,  Lu- 
gano, &c  Ehrenberg  has  erroneously 
cited  the  Buraaria  mdUna  (Schrank), 


which  is  identical  with  the  present 
species,  as  the  same  organism  as  his 
Glaucoma  seintiHans. 

L.  (?)  dwiusculum, — Colourless,  ellip- 
soidal, with  a  keel  or  ridge  along  its 
upper  surface;  the  under  surface  some- 
what concave.  It  appears  tolerably  stiff 
and  firm  in  consistence;  the  cilia  are 
very  fine,  and  its  movements  sluggish. 
1-720"  to  1-620".  The  position  of  this 
animalcule  in  this  genus  is  doubtfuL 


Genus  HARMODrRTJS  (Perty). — ^Body  globular,  having  a  moveable  elon- 
gated lip  or  proboscis  anteriorly. 

It  is  a  member  of  the  Trachelina  (Perty),  and  is  represented  as  being  in 
part  equivalent  to  AmphiJq>tus  (Ihij.)  and  to  Trachelius  (Ehr.). 
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Habmoddius  Ovum.  —  The  proboscia 
18  not  so  much  a  process  of  the  substance 
of  the  body,  as  like  a  jointed  finger  or 
segment ;  it  has  a  jerking  moTement  in 
one  direction,  yet  it  appears  frequently 
stretched  as  a  stiff  process  from  one  side. 
Cilia  extremely  fine;  thirty  rows  haye 
been  counted  on  one  side ;  tney  are  most 
eyident  near  the  proboscis.     Diastrophy 


may  be  frequently  witnessed.  1-18(X'  to 
1-36".  In  fresh  and  bog  water,  with 
Lemms.  This  species  is  doubtless  the 
same  as  Ihtehelius  Ovum  (£hr.)  and  Am- 
pkUeptuB  Ovum  (Duj.) ;  and  we  do  not 
conoeiye  the  necessity'  of  elevating  it  to 
the  rank  of  a  jgenus  on  account  of  the 
slight  differential  character  of  the  pro- 
boscis, as  Perty  has  done. 


Genus  CINETOCHILUM  (Perty)  (XXVni.  35).— SmaU,  abort,  eUiptical, 
somewhat  compressed ;  vibratile  flap  on  the  posterior  half. 

CiNETOCHiLUM  mar^arUoceumsc  CycUdium  margarUaceum  (Ehr.)  (see  p.  573). 

Genus  CYCLOGRAMMA  (Party)  (XXVIH.  36,37).— Body  smaU,  having 
the  form  of  Paramecium ;  with  concentric  strisB  on  the  margin,  and  a  lateral 
depression  near  the  fore  part,  where  a  mouth,  with  an  obscure  but  peculiar 
apparatus  of  from  four  to  seven  bristles,  is  apparent.  It  is  a  member  of  a 
family  called  Decteria  (see  p.  624). 


Cyclogbamma  ruhens, — Colour  yel- 
low, seldom  green,  or  reddish-white. 
Mostly  rather  compressed;  rarely  sub- 
cylindricaL  Cilia  very  tine,  with  the 
exception  of  those  on  the  margin,  which 


are  arranged  in  circular  rows.  Move- 
ment commonly  sluggish.  The  dental 
apparatus  is  eyident  in  some  examples, 
but  undiscoverable  in  others.  1-480"  to 
1-300".    Ponds,  Bern. 


FAMILY  MIL— OPHRYOCERCINA. 

Polygastria  without  lorica ;  alimentary  canal  with  two  distinct  orifices,  of 
which  only  the  anal  one  is  terminal.  Although  their  motion  is  rapid,  cilia 
are  perceived  near  the  mouth  only,  though  they  probably  cover  the  body ; 
the  long  neck  assists  in  swimming,  and  indeed  is  sufiident  alone.  Granules 
(ova?)  are  seen  in  all  the  species,  and  a  contractile  vesicle  in  T,  ineeps. 
Self-division  probable,  but  not  observed. 

No  such  £Eimily  as  Ophryocercina  enters  into  the  system  of  Dujardin,  the 
animalcules  composing  it  being  aU  referred  to  the  genus  Laerytnaria  (see 
p.  609) ;  and  consequently  that  of  Traehelocerea  is  merged  in  the  same. 

On  the  other  hand,  Perty  retains  this  family  name,  but,  unlike  Ehrenberg, 
comprehends  in  it  both  Traehelocerea  and  Lacrymaria :  moreover  he  assigns 
to  Traehelocerea  a  wider  generic  signification,  so  that  it  includes  also  PhiaUna 
(Ehr.).  Again,  this  faimly  is  the  representative  of  one  of  his  three  chief 
sections  of  Ciliata,  viz.  Metabolica,  thus  defined : — **  Animalcules  very  con- 
tractile, undergoing  protean  changes  of  figure  by  the  expansions  and  con- 
tractions of  the  body.  Cilia  scarcely  visible  upon  the  body,  but  clearly  seen 
on  its  neck-like  process."  Lachmann  describes  the  oesophagus  in  this  £unilj 
to  be  collapsed,  or  invisible,  except  during  the  passage  of  food. 

Genus  TRACHELOCERCA.— Characters  as  above. 

Tbachelocebca  Olor  (  Vibrio  PtoteuSf 
Cygnus  et  OloTy  M.;  Lacrymaria  Olor, 
D.)  (ixiv.  317,  318,  319).— Spindle- 
shaped;  neck  veiy  long  and  nexible, 
terminated  by  a  dilated  and  ciliated 
mouth.  The  sur&ce  is  beautifully  reti- 
culate in  this  and  the  following  species. 
This  creature  creeps  at  the  bottom  of 


the  vessel  containing  it,  and  twinee 
itself  gracefully  about  Confervas,  or  the 
roots  of  Lemnffi,  but  swims  awkwardly. 
It  elongates  and  contracts  its  neck  at 
pleasure^  and  is  sitogether  an  interesting 
object  for  the  microscope.  Greatest 
length  1-36".  It  has  been  found  en- 
cysted. 
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T.  viridis  (Laaytnaria  vtruUSf  D.). — 
Spindle-eh&pedy  neck  simple,  yeiy  mo- 
bile, long,  and  dilated  at  the  mouth, 
which  has  a  ciliated  lip.  Amongst 
LenmiB.  Length  1-120";  contracted 
1-380". 

Perty  changes  the  specific  name  to 
**  Irngmfera^^  and  has  the  very  good 
reason  for  so  doing  that  the  green  cmour 
is  no  distinction,  because  it  is  often 
changed  to  brown,  and,  besides  various 
intermediate  tints,,  is  at  times  greyish  or 
colourless.  Unlike  T,  Ohr,  the  neck  is 
surmounted  by  a  moveable  flap  or  pro- 


cess, stj'led  a  tongue,  fringed  with  di- 
stinct cilia.  Perty  speaks  of  specimens 
1-72"  in  length. 

T.  biceps,  —  Spindle-shaped,  white  ; 
neck  long,  forke<^  each  segment  with  a 
mouth.     1-190". 

This  can  have  no  claim  as  a  species, 
since  it  is  evidently  nothing  more  than 
an  animalcule  in  the  act  of  longitudinal 
fission,  not  far  advanced. 

T.  Sagittal  Vibrio  Sagitta  (M.).~Fu- 
siform,  white ;  neck  very  long ;  head  ter- 
minal, opaque.  1-120".  North  Sea  and 
Baltic. 


FAMILY  IX.— ASPIDI8CINA. 

(XXV.  321-323.) 

Distingnifthed  from  the  preceding  frunily  by  the  presence  of  a  lorica.  The 
alimentary  canal  has  two  onfices,  of  which  the  discharging  one  only  is  terminal. 
The  lorica  is  firm,  very  transparent,  and  combustible,  somewhat  resembling 
the  sheU  (carapace)  which  covers  the  back  of  a  tortoise ;  it  projects  anteriorly 
a  little  beyond  the  body.  Long  flexible  bristle-like  organs  attached  to  the 
abdom^i  enable  the  animalcules  to  climb,  while  the  delicate  cilia  near  the 
mouth  serve  both  as  swimming  and  purveying  organs.  Numerous  vacuoles 
have  been  filled  with  coloured  food  by  Ehrenberg,  who  has  also  seen  the 
discharge  of  matter  posteriorly.  An  oval  nucleus  and  a  contractile  vesicle 
occur  in  both  species.  MiiUer  observed  self-division,  but  mistook  it  for 
copulation.    They  are  not  developed  in  large  masses. 

Genus  ASPIBISCA. — Charactero  as  above. 


AsPiniscA  lyncem  {Trichoda  lynceusy 
M.). — ^Lorica  nearly  circular,  truncated 
at  the  posterior  end,  and  formed  into  a 
hook  or  oeak  in  front  Mouth  furnished 
with  venr  delicate  cilia;  five  or  six 
bristles  (styles)  are  affixed  posteriorly, 
and  from  five  to  eight  hooks  anteriorly, 
whereby  a  resemblance  to  Euplotes  and 
SiyUmychia  is  established.  A  contractile 
vesicle,  near  the  mouth,  and  twenty 
vacuoles  have  been  seen.  When  burnt 
upon  platina  no  traces  remain.  Gene- 
rally  swims   or  creeps  with    its  back 


underneath.  Amongst  Lemnss  and  Con- 
ferva.   1-1000"  to  1-576". 

Stein  asserts  that  it  is  an  error  to 
detach  this  species  from  Ei/^phtesy  with 
which  it  has  the  closest  affinitv,  and  to 
elevate  it  to  the  rank  of  a  uunily  in 
immediate  contiguity  with  Colpddea, 
with  which  it  has  no  natural  relation. 

A.  denticuiata. — Lorica  nearly  circular, 
under  side  truncated  and  denticulated, 
flat ;  back  arched.  The  uncini  are  visible 
only  when  climbing.    1-76". 


FAMILY  X.— KOLPODEA  ok  COLPODEA. 

(XXn^  312-^16;  XXV.  325-336;  XXVI.  23,  32,  33;  XXVIIL  24-26, 
31,  33,  34;  XXIX.  19,  20,  25-47.) 

Animalcules  ciliated  throughout ;  the  cilia  disposed  in  longitudinal  series, 
and  either  of  uniform  length  throughout,  or  of  larger  growth  at  particular 
parts,  especially  about  the  mouth.  Both  mouth  and  anus  demonstrable, 
always  lateral,  sometimes  situated  on  the  same  side,  at  others  on  opposite 
sides  of  the  body. 

Except  AmphileptuB  and  UrolepiuSy  the  other  genera  have  both  the  mouth 
and  anus  on  the  ventral  surface.  In  the  former  genus  Lachmann  likewise 
describes  the  oesophagus  to  be  collapsed,  except  during  the  passage  of  food, 
when  it  presents  the  appearance  of  a  canal.     In  all  other  genera  of  Kolpodea 
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the  oesophagus  is  distinct,  of  considerahle  length,  and  ciliated,  bnt  not  thu^- 
ened  at  any  portion  so  as  to  produce  the  appearance  of  a  dental  cylinder  "  or 
bacillar  apparatus."  Coloured  food  received  by  all  the  spedes.  Contractile 
vesicles  one  or  two  in  number,  and  in  Paramecium  of  a  stellate  figure. 
Nucleus  usually  rounded,  oval  or  reniform.  A  red  spot,  eye-speck  or  stigma, 
is  common  in  Ophryoglena.  Propagation  takes  place  by  fission,  which  may 
be  either  transverse  or  longitudinal ;  by  the  production  of  sin^e  living  em- 
bryos (at  least  this  occurs  in  Paramecium  and  Golpcda) ;  and,  in  Perty  and 
Carter's  opinion,  by  numerous  germs  or  internal  ova.  The  encysting-pioeess 
has  also  been  seen  in  all  the  genera  except  Uroleptus.  The  integument  oi 
Kolpodea  is  reticulated,  presenting  a  beautiful  diamond-pattern^  and  having 
a  cilium  seated  in  the  centre  of  each  lozenge. 

The  Kolpodea  are  highly-organized  Ciliata,  although  inferior  in  this  respect 
to  the  Yorticellina.  The  single  circumstance  of  the  limitation  of  the  cilia  to 
the  head  in  the  latter  family  is  of  itself,  according  to  a  weU-recognized  law 
of  animal  life,  an  intimation  of  a  higher  grade  of  organization. 

Tho  genera  are  disposed  as  follows : — 

absent  posteriorly TTolpodai 

present  everywhere    ParamedoB. 

{With  tail  and  proboscis Amplukptai. 
With  tail,  no  proboscis Urol^feos. 

Eye  present    Ophiyogfeos. 

This  family  corresponds  generally  with  that  of  the  Param^iens  or  Para- 
mccina  (Duj.),  thus  defined: — Body  soft,  flexible,  variable  in  form,  but 
mostly  oblong  and  more  or  less  flattened ;  provided  with  a  loose,  reticulated 
integument,  upon  which  numerous  vibratile  cilia  are  disposed  in  regular 
series.  Mouth  present.  The  genera  included  are : — Lacrymaria,  PUuronema, 
GJattcoma,  Koljpoda,  Paramecium^  An^hileptus,  LoxophyUuniy  ChUodmi, 
PanophrifSy  Nassula,  Holophrya,  and  Prorodon, 

Dujardin  observes  that  Lacrymaria  and  PUuronema  should  probably  be 
placed  in  a  distinct  family,  since  the  mouth  is  rather  presumed  than  d^non- 
strated  in  them.  This  is,  however,  a  reason  which,  in  the  present  day,  would 
not  be  held  valid,  as  the  evidence  of  a  mouth  is  equally  strong  in  them  as  in 
others  of  the  genera  enumerated. 

Perty  also  has  constructed  a  fSamily  Paramecina,  containing  the  gmen 
Ophryoglena^  Panophrys,  Paramecium,  Bl^harisma,  and  Colpoda,  and  briefly 
characterized  as  having  the  body  covered  with  longitudinal  rows  of  cilia,  and 
a  lateral  mouth  often  within  a  fissure.  Lastly,  Mr.  Carter  has  instituted  t 
new  genus,  named  Otostoma,  referable  to  this  fEunily,  being  a  dose  ally  to 
Paramecium, 

Genus  KOLPODA  or  COLPODA.— Body  ovoid,  sometimes  renifonn ;  alittk 
tongue-like  member  (a  tuft  of  cilia)  inserted  in  the  oral  cavity ;  ciliated  in 
front  and  partly  beneath ;  eye-speck  wanting.  The  mouth,  posterior  tenni- 
nation  of  the  alimentary  canal,  and  numerous  gastric  cells  may  be  deoum- 
strated  by  coloured  food ;  the  two  orifices  are  both  on  the  ventral  sur&ee. 
**  Ova,"  adds  Ehrenberg,  "  occur  in  delicate  strings,  forming  a  sort  of  netwoii ; 
and  their  extrusion  has  been  seen  in  one  species.  A  round  contractile  vesicle 
is  observable  in  two  species,  and  two  such  in  another.  A  laige  round  or 
oval  gland  (nucleus)  is  foimd  in  tho  centre  of  the  body."     Self-<Uvision  both 
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tnmsverBe  and  longitudinal.  Their  motion  is  not  active,  the  locomotiye  cilia 
bein^few. 

Dujardin,  speaking  of  this  genus,  says,  "Among  Ehrenberg's  Kolpod<je, 
which  should  possess  a  short  tongue,  and  be  ciliated  only  on  the  ventral 
surface,  but  one  species,  Z.  Cuculltis,  is  with  certainty  numbered ;  the  K.  Em, 
and  K.  CucuUio  have  been  referred  to  the  ^nyxaLoxodes,  where,  indeed,  we  still 
leave  them.  However,  Ehrenberg  places  among  the  Parameda,  under  the 
appellation  of  P.  Kolpodaj  some  lai^e  animalciiles,  ciliated  throughout,  which 
we  regard  as  only  more  developed  forms  of  Kolpoda  Gtumlltis" 

Stein  expresses  himself  on  tiiese  views  thus  {Infus.  p.  131) : — "  Under  the 
name  of  Colpoda  CWu/^ti^Bujardin  has  described  the  Paramecium  CoZpot^,  Ehr., 
appearing  either  to  be  unacquainted  with  the  true  Colpoda,  or  to  have  looked 
upon  it  as  an  undeveloped  state  of  Paramecium  Co^oda,''  The  distinctive 
characters  between  these  two  animalcules  and  Chilodon  OucuUulus  are  thus  laid 
down : — All  these  three  forms  are  similar  in  outline,  Chilodon  CucvMulus  and 
Colpoda  CucvUus  being  really  in  most  respects  undistinguishable.  Paramecium 
Colpoda  is  devoid  of  the  peculiar  lip,  but  has,  on  the  o&er  hand,  an  expanded 
anterior  extremity  (brow),  lying  over  and  above  the  oblique  infiindibulum,  on 
one  side  of  the  body,  leading  to  the  mouth.  Chilodon  Cucallultis  displays,  by 
the  action  of  chemical  reagents,  about  the  middle  of  its  ventral  surface  its 
special  form  of  pharynx  or  oesophagus :  it  is,  besides,  ciliated  all  over ;  but  this 
is  a  criterion  determinable  with  d^culty,  particularly  in  young  specimens. 
In  Colpoda  CucuUus  the  mouth  is  quite  simple,  and  placed  in  the  lateral  de- 
pression ;  the  distribution  of  the  cilia  is  always  partial,  chiefly  limited  to  the 
Up.  In  Paramecium  Colpoda  the  mouth  (oral  aperture)  lies  at  the  bottom  of 
a  deep  longitudinal  fold  (Assure)  on  one  side  of  the  body,  is  bounded  by  two 
very  motQe  lips,  and  conducts  into  a  short,  thin,  walled,  ciliated  oesophagus ; 
the  nucleus  is  oval,  large,  homogeneous,  and  flndy  granular ;  and  the  body  is 
very  evidently  ciliated  all  over. 


Kolpoda  CucuUus  (M.)(xxv.824r-827; 
XXIX.  85-47).  —  Turgid,  slightly  com- 
preased:  kidney-shaped.  The  concavity 
in  which  the  oral  aperture  is  situated  is 
occupied  by  a  process  called  by  Ehren- 
berg a  "tongue,"  but  which  Stein  has 
shown  to  be  a  bundle  of  longer  cilia. 
The  cHia  are  not  distributed  over  the 
whole  surface,  but  limited  to  the  convex 
soiface  of  the  anterior  half,  augmenting 
in  size  as  the;^  approach  its  elongated  and 
expanded,  wide  lip-like  or  frontal  pro- 
cess above  the  oral  fossa,  and  to  a  ndge 
extending  downwards  and  backwaras 
from  that  fossa.  The  granules  in  the 
interior  are  frequently  so  numerous  as 
to  render  it  opaque ;  they  also  give  it  a 
grey  colour.  The  single  contractile  ve- 
sicle is  seated  close  to  the  posterior 
extremity ;  the  nucleus  is  a  circular  disc 
containing  a  nucleolus,  and  nearly  cen- 
tral in  position.  This  animalcule  has 
DOt  been  seen  to  undergo  fission  whikt 
in  the  free  state ;  the  process,  however, 
goee  on  after  it  has  encysted  itself,  with 
various  modifications  in  the  results  (see 
Part  L  p.  360).  Ehrenberg  haring 
adopted  tne  notion  that  the  breaking  up 


of  a  portion  of  the  animalcule  was  an 
act  of  oviposition,  thought  to  further 
estabhsh  it  by  remarking  the  presence 
of  numerous  Monadiform  beings  about 
it,  which  he  concluded  were  developed 
from  the  supposed  ova,  as  the  first  phase 
of  future  CofyodeB,  Such  an  interpreta- 
tion has  no  evidence  to  support  it,  and 
is  rejected  by  Stein,  (xxv.  324,  the 
normal  form;  fig.  825  represents  the 
animalcule,  as  Eh^nberg  conceived,  de^ 
positing  its  ova  in  a  net-like  mass,  or, 
as  others  would  interpret  it,  in  process 
of  diffluence ;  and  figs.  826,  827,  young 
animalcules,  which  resemble  Trichoda 
pyriformis.)  Common  in  vegetable  in- 
fusions.    1-1800"  to  1-280". 

K.  (P)  Hen.  —  Ovate,  cylindrical,  kid- 
ney-shaped, and  rounded  at  the  ends. 
In  river-water.     1-288". 

K  (P)  CucuUio  (M,)=Loxode8  CucuUio, 
(Perty). — Compressed,  plane,  elliptical, 
slightly  sinuated  anteriorly.  Ehrenberg 
remarks  that  neither  cilia  nor  tonffue- 
like  member  was  observable  by  him, 
and  that  its  generic  situation  is  there- 
fore uncertain.  Perty,  however,  has 
noticed  such  a  process.     1-900". 
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E.  LuganeMii  (Pertj). — Large,  broad, 
slightly  convex  on  one  side.  Oral  in- 
fimdibulum  deep.    Rows  of  dlia  un- 


usually numerous.  Morements  slow; 
internal  corpuscles  green.  1-190".  It 
is  probably  a  Ks^poda, 


Genus  PARAMECIUM  (XXV.  329-332;  XXIX.  25-34).— Body  oblong, 
compressed,  ciliated  on  all  sides ;  mouth  lateral,  with  a  tongue-like  process ; 
no  visual  point.  The  cilia  are  disposed  in  longitudinal  series ;  those  near  the 
mouth  are  sometimes  longer  than  the  others,  and  are  alone  subservi^t  to 
locomotion,  except  in  two  doubtful  species.  In  P.  Chrysalis  the  long  oral  dlk 
are  remarkable.  The  digestive  cells,  Ehrenberg  proceeds  to  say,  are  num^oos, 
amounting  to  more  than  a  hundred,  and  are  arranged  in  a  berry-like  manner 
along  the  curved  alimentary  canal:  in  five  species  they  have  been  demon- 
strated by  artificial  means,  in  a  sixth  by  its  usual  green  food.  The  ova  in 
two  species  are  seen  as  a  granular  mass.  In  all,  exc^t  one  ^edes,  male 
organs  are  visible.  The  curious  star-like  contractile  vesicles  in  the  lazger 
species  are  highly  interesting,  when  physiologically  considered,  as  are  also  the 
little  black  bodies  seen  in  F.  Aurelia.  In  four  species  complete  self-divisioii, 
transverse  and  longitudinal,  has  been  observed  alternately.  This  genus  prea 
name  te  a  family  Param^ens  or  Paramecina  in  the  systems  of  Dujardin  and 
Perty. 

Stein  makes  the  uniformity  in  length  and  thickness  of  the  cilia  a  charader- 
istic  of  Paramecium,  which  distinguishes  it  both  from  Loxades  and  Bursaria, 
which  have  larger  and  stronger  cUia  about  the  mouth  than  cover  the  rest  of 
the  body  (see  p.  285).  Ehrenbeig's  statement  that  those  about  the  nnrnth 
are  longer  than  the  rest  requires  correction ;  and  the  instance  (P.  (JkrysaUs) 
cited  indicates  only  that  this  species  is  not  a  Paramecium,  Other  par- 
ticulars requiring  revision  are,  that  Param^a  have  numerous  stomachs  dis- 
posed as  ofisets  upon  a  curved  alimentary  tube ;  that  the  granular  mass  in 
the  interior  consists  of  ova.  The  male  organs  referred  to  are  the  nucleus  and 
contractile  vesicle  or  vesicles.  In  P.  AureUa  and  P.  Bursaria  lachnuuiD 
states  that  the  anus  may  be  frequently  recognized,  in  the  form  of  a  small  pit 
on  the  sur&ce  of  the  animals,  even  for  a  considerable  time  before  and  after 
an  excretion. 

In  our  remarks  on  Panophrts  we  have  expressed  a  doubt  as  to  the  inde- 
pendent position  of  that  genus  apart  from  Paramecium. 


Paramecium  Aurdia  (K)  (xxv.  829- 
332). — Club-shaped,  cylindrical,  slightly 
attenuated  anteriorly.  An  oblique  longi- 
tudinal fold  borders  upon  the  very  much 
receding  mouth,  f^irenberg  states  that 
he  has  seen  small  dark  crystalline  bodies 
abundant  in  the  frontal  region,  which, 
he  conceives,  are  indications  of  the  pre- 
sence of  nervous  matter,  as  such  cry- 
stalline bodies  often  accompany  it  These 
creatures  appear  to  him  also  to  have  the 
sense  of  taste,  since  in  the  same  group 
some  individuals  prefer  one  land  of  food 
and  others  another.  This  may  be  ob- 
served by  mixing  blue  and  red  colours 
together,  when  some  will  feed  upon  the 
former,  others  upon  the  latter^  as  indi- 
cated by  the  colour  of  the  digestive 
ceUs:  in  some  the  cells  have  a  violet' 
hue.  After  being  fed  with  colour,  they 
may  be  dried  upon  glass  or  mica,  ana 


thus  preserved.  According  to  t^e  hypo- 
thesis of  Ehrenberg,  the  ravs  of  the  star- 
like  vesicle  are  sj^nnatic  ducts,  throogb 
which  the  fluid  is  forced  up<m  <he  ova 
in  the  vicinity  by  the  constantlv  repeated 
acts  of  contraction  of  the  reside.  Tlie 
ducts  are  long,  and  enter  the  ovarium  at 
many  points  (see  p.  312  ei  seq.).  The 
expulsion  of  ova  has  frequ^itly  tieeo  ob- 
served. The  colour  of  these  ammalcrnks, 
when  bearing  ova.  is  white  by  reflected 
light,  and  yeuow  by  transmitted ;  hence 
the  names  ^'gold  and  silver  litde  fishes," 
so  often  appfied  to  them  by  JoUot  and 
others  jthose  devoid  of  ova  aie  ooloar- 
less.  The  cilia  are  best  seen  when  the 
water  is  coloured ;  there  are  from  26  to 
52  longitudinal  rows  alon«^  each  side  of 
the  body,  according  to  Ehrenbeiv,  who 
says  that  in  some  rows  he  eountea  bom 
60  to  70  cilia,  making  3040  oigans  of 
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kcomotioiiy  and  that  each  cilium  is  placed 
upon  a  sort  of  little  knob  or  articulated 
base  (see  p.  285).  (Fig.  329,  a  dried  spe- 
cimen ;  fig.  330,  a  creature  feeding  upon 
indigo,  the  particles  of  which  around 
indicate  the  currents  produced  bj  the 
cilia;  fig. 332,  an  ideal  view,  to  show 
the  structure  of  the  nutritiye  organs  as 
stated  by  Ehrenberg;  fig.  331,  a  young 

r^imen,  of  the  normal  shape.)  Abun- 
t  in  Tegetable  infusions,  and  increases 
so  rapidly  in  sta^ant  waters  that  some 
have  referred  their  marvellous  abundance 
to  spontaneous  generation  from  elemen- 
tary primitiye  matter.    1-120"  to  1-96". 

r,  caudatum, — Spindle-shaped ;  obtuse 
anteriorly,  attenuated  posteriorly.  Not 
in  infusions,  but  in  ponds,  amongst 
decayed  sedge-leaves  and  Confervse. 
1-120". 

P.  ChryBoUs  QIL,)^Piettronema  eras- 
turn  (Duj.)  (xxvi.  23).  —  Oblong  and 
cylin<mcai,  equally  rounded  at  both 
ends ;  cilia  about  the  mouth  yery  long. 
This  species,  like  P.  Aureiia,  is  often 
developed  in  such  va^t  myriads  that  the 
water  nas  a  milky  hue,  the  masses  as- 
cending or  descending  m  the  fluid :  this 
appearance  may  be  produced  by  slightly 
snaking  the  water.  In  inflisions  and  in 
salt  water.    1-240"  to  1-190". 

If  the  uniform  length  of  the  cilia  be 
admitted  a  generic  cnaracter  of  Para- 
tneciumy  this  species,  which  has  several 
yery  Ions  bristly  cilia  proceeding  from 
the  oral  fissure,  must  be  excluded.  Both 
Dujaidin  and  Perty  have  proposed  this, 
ana  made  Paramecium  Chrysalis  the  re- 
presentative of  a  genus  styled  "  Pleuro- 
nema.*^ 

It  is  usually  filled  with  greyish  mole- 
cules and  vesicles,  and  rarely  coloured 
with  chlorophylL  Fission  longitudinal 
The  long  nbres  from  the  lateral  oral 
fissures  are  from  two  to  twelve  in  num- 
ber, and,  though  frequently  shorter,  are 
at  times  equal  to  or  even  much  lon^r 
tiian  the  body,  and  serve  to  vary  its 
moyements  by  their  activity. 

P.  Kolpoda(Kolpoda  Pen, U.;  KCtp- 
ettOuSy  D.). — Ovate,  slightly  compressed: 
ends  obtuse,  the  anterior  attenuated  and 
slightly  bent  like  a  hook.  Found  espe- 
cifdly  in  infusions  of  Urtiea  dUnca  (the 
stinging  nettle).  Perty  is  disposed  to 
believe  this  form  to  be  an  earber  stage 
of  P.  Aurelia,     1-240". 

P.  (P)  SmaiHcum,  —  Elliptical,  com- 
pressed, the  back  and  under  side  cari- 
nated  (keeled);  frontal  cilia  indistinct. 
Amongst  ConfervcB,  in  a  brook  on  Mount 
Sinai.     1-288". 


P.  (?)  otatum.  —  Ovate,  turgid ;  an- 
teriorly attenuated  and  rounaed.  In 
stagnant  river-water.     1-288". 

P.  eompressum  (Bttrsaria  Lumbnci, 
Stein).  —  Elliptical  or  reniform,  com- 
pressed. An  oblique  wreath  of  long 
cilia  reaches  to  the  middle,  where  the 
mouth,  with  its  slight  ton^e-like  pro- 
cess, is  situated.  Pound  m  the  river- 
mussel  (Mi/a)f  and  in  the  intestine  of 
the  earthworm  (Lumbricus).  1-240"  to 
1-210". 

Dujardin  takes  this  species  as  the  type 
of  a  newly-formed  genus,  "  Pia^tatomoj^* 
characterised  especially  by  its  com- 
pressed lamellar  ngnre,  and  by  its  para- 
sitic habitat.  Its  cilia  are  described  as 
in  longitudinal  rows  over  the 


suitace  (vide  ante,  p.  627). 

We  agree  with  Stein  that  there  is  no 
good  reason  for  framing  the  genus  i%x- 
giatoma,  as  Bujardin  has  done,  on  the 
characters  of  this  animalcule.  If  it  have 
no  mouth  it  should  take  its  place  amoiur 
the  OpaHnm;  and  it  is  to  be  remarked 
that  tnough  Dujardin  clearly  saw  a  deep 
fold  or  fissure — a  feature  of  OpaUna — ^he 
could  not  succeed  in  artificially  feedin^^ 
the  animal  with  coloured  foo<L  At  afi 
events,  it  has  certainly  no  right  to  a  place 
among  Paramecia,  since  the  crest  of 
longer  cilia  about  the  mouth-like  fossa 
refers  it  (supposing  it  to  have  a  mouth) 
to  the  BursaritB, 

P.  Milium  (Cyclidmm  Milium,  M.). — 
Small,  oblong,  trilateral;  rounded  equally 
at  both  en£.  In  coloured  water  the 
body  is  seen  vibrating.    1-1160". 

P.  Bursaria^Loxcnies  Bwsoria  (Ehr.) 
(xxix.  25-34).— It  is  not  a  Loxodes,  since 
all  its  cilia  are  equal  and  similar,  Ehr- 
enberg being  in  error  respecting  the  ex- 
istence of  a  larger  sort  in  the  infundi- 
bulum  leading  to  the  mouth. 

P.  versutum  (Muller)=-Btirwiria  ver^ 
naUs  (?)  (Ehr.). — ^Perty  revives  this  spe- 
cies ;  but  Lachmann  (A.  N.  H.  1857,  xix. 
215)  thinks  it  unnecessary  to  do  so,  '^  as 
there  is  scarcely  any  certainty  in  the 
synonymy  previous  to  Ehrenberg;  and 
we  should  never  again  introduce  an  older 
specific  name  for  an  Infusorium  if  it  has 
a  name  ^ven  to  it  by  Ehrenberg,  eyen 
when  it  is  not  improbable  he  mAj  haye 
overlooked  an  older  name." 

b.  ror.  Alpina  (Perty).  —  Smaller, 
plaited,  stouter  and  more  cylindrical 
than  P.  versutum. 

P.  griseolum  (Perty). — Little  trans- 
parent, being  filled  with  greyish  mole- 
cides ;  border  very  delicate.  Nine  to  ten 
longitudinal  plaits  on  the  surface.  Move- 
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ment  auddem  frequently  osdllating. 
1-430." 

P.  aureohim,  —  Transparenty  peach- 
coloured  or  golden  yellow ;  plaits  strong. 
Movements  sluggish.     1-4^". 

P.  leuccusszBursaria  lettcas?  (Ehr.V — 
On  one  side  a  horn-like  process,  ana  on 
the  other  a  pair  of  eminences  project. 
Movements  slow. 

P.  gtomioptycha  (E.).  —  Oblong,  ob- 
tusely ovate,  tuigid ;  oral  aperture  large, 


reniform,  cilia  long;  body  maiked  by 
circular  folds ;  lip  with  peculiar  appen- 
dages; vesicles  two,  stellate;  nudeus 
elongated,  cylindricaL  Mouth  oocupes 
the  anterior  third  of  the  body,  sur- 
mounted, however,  by  its  obtuse  frontel 
end;  cilia  dense,  in  longitudinal  rows; 
vacuoles  numerous;  colour  yellowish- 
white  ;  nucleus  above  one-thud  of  ^ 
entire  length,  which  varies  from  1-24'" 
to  1-16'". 


Oenus  AMPHILEPTTJS. — ^Tongue-like  process  and  eye-speck  absent ;  but 
the  body  is  furnished  with  a  proboscis  and  tail,  and  is  elongated  fdsifoim  <^ 
lanceolate.  Cilia  numerous,  disposed  in  longitudinal  series :  in  one  species 
cilia  are  not  visible ;  but  in  this  tiie  flexible  attenuated  extremities  of  the  body 
serve  their  office  as  locomotive  organs.  In  some  the  tail  (foot)  and  proboscis 
(brow)  are  rudimentary.  Numerous  vacuoles  filled  with  food  may  be  fre- 
quently seen ;  the  mouth  and  anus  are  usually  distinguishable.  A.  marga- 
ritifer  has  a  pale  rose-red  fluid.  A  contractile  vesicle  and  a  nucleus  are 
found;  the  latter  is  globular  or  moniliform.  Self-division  occurs  both 
transversely  and  longitudinally,  or  transversely  only. 

Speaking  of  Ehrenberg's  distribution  of  this  genus,  Dujardin  remarks — 
"  This  author,  whilst  assuming  the  presence  of  proboscis  and  tail  (as  a  cha- 
racteristic), yet  refers  to  the  genus  animalcules  without  tail,  and  dilated  and 
rounded  posteriorly ;  and  on  the  other  hand,  whilst  intent  on  seeking  a 
distinctive  character  for  his  different  families  in  the  position  of  the  anus, 
which  he  attributes  to  all  his  Enterodclous  Infusoria,  he  has  left  in  his  genus 
Trachelitis  several  species  which  to  us  appear  to  belong  to  AmpJuleptus,  and 
has  himself  several  times  transferred  some  species  from  one  genus  to  the 
other."  The  Amphileptus  Anser  is  taken  by  Dujardin  as  the  type. of  a  genus 
termed  Dileptiuf,  and  A,  Meleagris  of  one  termed  Loxophyllum,  Amp7iilq)tvs  is 
the  name  of  a  genus  comprehended  by  Perty  in  his  family  Trachelina,  which 
appears  generally  equivalent  to  that  bearing  the  same  name  in  Ehrenibeig's 
system ;  but  it  contains  besides,  Trachelius  voroue.  Cohn  remaks  that  it  is 
imperfectly  distinguished  by  Ehrenberg  from  Trachelius, 

The  Amphilepti  are  commonly  found  in  the  limpid  water  of  marshes  or 
brooks,  among  aquatic  plants. 


Amphilbptus  Anser  (Vibrio  Anser  et 
Cuqnusy  l^.^Dileptus,  D.)  (xxiv.  312, 
3 ft).  —  Turgid,  spindle-shaped ;  pro- 
boscis obtuse,  same  length  as  oody;  tail 
short  and  acute,  llie  neck-like  pro- 
boscis is  in  reality  a  brow  or  upper  lip, 
the  mouth  being  at  the  base.  Enrenberg 
thinks  he  has  seen  the  anal  opening  upon 
the  dorsal  surface,  near  the  tidl.  The 
motion  of  the  body  is  slow,  but  that  of 
the  proboscis  more  active.  It  is  very 
often  coloured  green  with  chlorophyll, 
received  as  food.  Amongst  dead  sedge- 
leaves,  &c.    1-120". 

A.  margaritifer,  —  White,  slender, 
spindle-shaped ;  proboscis  acute,  equals 
the  length  of  the  Dody ;  tail  short.  The 
most  striking  features  are  the  swollen 
margin  of  the  mouth,  and  necklace-like 


series  of  vesicles  disposed  along  thd 
body.  It  feeds  upon  green  Monads,  Hke 
the  preceding  species  in  Ehrenbeigs 
figures.  Cilia  are  not  shown.  Amooffst 
colonies  of  VartieeUa,  &c  1-72".  This 
species  is  the  counterpart  of  the  pre- 
ceding; and  the  distinction  found  by 
Ehrenbeig  in  the  neddace-lilre  vesicles 
has  no  vuue  as  such,  since  these  vaiy 
both  in  number  and  position  according 
to  the  abundance  of  food  and  other 
external  circumstances. 

A.  momUger, — ^Turgid,  ample,  white; 
proboscis  and  tail  short  It  has  a 
necklace-like  collection  of  rose-coloured 
vesicles.  Amongst  duck-weed.  1-98" 
to  1-72". 

A.  viridis* — Turgid,  spindle-shaped, 
green;    proboscis  and   tail    short   ana 
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tnnflpwrent.  Amongst  Lernnrn.  1-120" 
to  1-86". 

A.  Faseioia  (Vtbrio  Anas,  Fasciola,  et 
intermediuSy  Paramecium  JFasciola.  M.) 
(TOY,  814^16 ;  XXIX.  19, 20).— White, 
aepressed^  linear,  lanceolate,  convex 
above,  flat  beneath.  When  viewed  from 
above,  frt)m  ten  to  twelve  longitudinal 
rows  of  delicate  cilia  may  be  seen,  and 
in  the  middle  of  the  body  two  round 
nuclei,  and  behind  them  a  contractile 
vesicle  (xxiv.  314>  815,  316).  In  infu- 
sions, in  marshy  ponds,  &c.  Perty  states 
that  he  has  found  it  at  an  elevation  of 
6000  feet  on  the  Alps,  and  also  beneath 
the  ice.  Cohn  has  watched  its  power  of 
encysting  itself.  (Siebold's  Zeiismr,  1864, 
V.  p.  430).     1-720"  to  1-144". 

A.  MeUagris  (Kolpoday  M.;  Loxophyl- 
ktm  MeleagriSf  I).). — Large,  compressed, 
membranous,  broadly  lanceolate  in 
shape,  vdth  the  crest  of  the  back  denti- 
culated. The  colour  of  this  interesting 
animalcule  is  white.  On  the  under  side 
thero  is  &  more  or  less  distinct  row  of 
eiffht  to  ten  bright  colourless  spots. 
These  spots  are,  however,  in  no  constant 


number,  as  Ehrenbeig  supposed ;  for  they 
are  nothing  more  than  coloured-food 
vacuoles,  which  sometimes  completely 
fill  the  animalcule.  With  iJemnae. 
1-72".     (See  notes  on  Nassula,  p.  625.) 

A.  longicoUia  (^Kolpoda  ochrea,  Trichoda 
Felts,  M.). — Dilated ;  turgid  posteriorly ; 
attenuated  and  elongated  anteriorly,  like 
a  sword.  Amongst  Lemnad.  1-120"  to 
1-96". 

A.  (?)  patnllosus. — Depressed,  lanceo- 
late, fringed  with  papillae  y  tail  and  pro- 
boscis smooth.  Amongst  Confervas. 
1-600"  to  1-480". 

A.  Sphagni.  —  Depressed,  linear  or 
linear-lanceolate ;  proboscis  truncate 
and  keeled;  tail  acute;  fringed  with 
ciUa  on  one  side;  green  corpuscles  oc- 
cupy the  centre,  leaving  the  extremities 
of  the  body  colourless  or  hyaline.  1-48" 
to  1-12".  Proboscis  is  one-fourth  the 
length  of  the  body.  Nucleus  ovate; 
cilia  disposed  spirally.  Vacuoles  some- 
times enclose  Bacillaria.  Ovules  '  (?) 
large.  Approaches  A,  Faseioia  in  genersd 
characters.    On  submerged  SpJiagnum, 


Genus  UEOLEPTUS  (XXV.  333).— Furnished  with  a  tail;  eye-speck, 
tongae-Hke  process,  and  proboscis  absent.  Locomotion  effected  by  the  cilia, 
which  cover  the  body,  and  are,  in  three  species,  evidently  disposed  in  rows. 
Numerous  vacuoles  and  a  mouth  have  be^  demonstrated  by  coloured  food ; 
but  a  discharging  orifice  has  not  been  satisfru^torily  determined.  Green- 
coloured  granges  are  evident  in  two  species,  but  no  nucleus  or  vesicle. 

This  genus  of  Ehrenberg  (says  M.  Dujardin),  judging  from  the  figures  of 
most  of  its  species,  should  be  in  part  united  with  Oxytricha,  Thus  Uroleptus 
Pisds  seems  identical  with  Oxytricha  eaudata  (Duj.) ;  U,  Musculus  (Ehr.)  is, 
in  figure,  an  Oxytricha ;  whilst  U.  (?)  Lamella  is  probably  a  TracheliuSy  and  U, 
Ftlwm,  is  rather  allied  to  Spirostomum  ambiyuum.  K  ttiese  views  be  correct, 
Uroleptus  should  be  erased  fix)m  the  list  of  genera.  Three  species  counted  in 
this  genus  by  Ehrenberg  are  rejected  from  it  by  Perty,  and  allied  with  Oicy- 
trichay — ^viz.  U.  Musctdtis,  U.  PisdSy  and  U.  Lamella. 


Ubolkptus  Piscu  (Trichoda  Piscis, 
M.).— Green ;  in  figure  like  an  elon^ted 
top,  gradually  attenuated  posteriorly, 
forming  a  thick  tail,  covered  with  cilia, 
those  at  the  mouth  largest.  Found,  in 
February  and  March,  amongst  the 
fiocoose  brown  coat  upon  dead  sedge- 
leaves,  along  with  Chtamydomanas  and 
Cryptomonas,  Hampstead  ponds.  1-288" 
to  1-44". 

Perty  doubts  if  there  is  any  real  di- 
stinction between  this  animalcule  and 
the  Oxytricha  eaudata  (Ehr.). 

IT.  Musculus  (Trichoda  MusculuSy  M.) 
(xxv.  333). — ^White,  cylindrical,  pear- 
shaped,  thickened  posteriorly,  where  it 
abruptly    terminates   in    a  tail.*    The 


movement  rolling.  It  is  inactive  and 
rigid.    With  OsciUatoria.    1-220". 

U .  Hospes,  —  Greenish,  ovate-oblong 
and  turbinate  in  shape ;  obliquely  trun- 
cated and  excavated  anteriorly ;  poste- 
riorly terminated  by  a  styliform  acute 
taiL    In  frog-  and  snail-spawn.   1-240". 

U.  (?)  Lamella, — Transparent,  linear- 
lanceolate,  depressed,  flat,  very  thin.  In 
infusions.     1-220". 

U.  Filum  (Enchelys  caitdatay  M.). — 
White,  filiform,  cylindrical;  rounded 
anteriorly ;  attenuated  posteriorly,  form- 
ing a  straight  long  tail.  It  is  considered 
a  &nrostommn  by  Dujardin  and  Perty 
(vide  ante,  p.  623).  In  stagnant  spring- 
vTater,  &c     1-48". 
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GonuB  OPHRYOGLENA  (XXV.  334, 335).— Ovoid,  dliAted,  with  an  eye- 
speck  anteriorly.  Locomotion  effected  by  the  numerous  reg:alar  longitudinal 
rows  of  cilia.  Some  of  the  numerous  digestive  vacuoles  are  often  filled  with 
NavictdcB.  The'  mouth  is  situated  in  a  io&BA  beneath  the  brow  on  one  side ; 
and  the  anal  orifice  lies  upon  the  dorsal  surface,  at  the  base  of  the  little  tail 
A  large  central  nucleus  and  one  or  more  contractile  vesicles  are  found ;  trans- 
verse and  longitudinal  self-division  have  been  observed.  A  krge  red  or  black 
stigma  is  always  present  on  the  frontal  region.  These  Inf^Lsoria  are  found  in 
stagnant  fresh  water,  but  not  in  infusions. 

As  D^jardin  rightly  remarks,  this  genus  differs  from  Kolpoda  only  by 
having  a  stigma  or  eye-speck ;  however,  he  prefers  to  place  it  among  Bur- 
sarina,  because  the  mouth  is  situated  at  the  extremity  of  a  row  of  ciluu  In 
this  transposition  of  Ophryoglena,  Perty  does  not  agree,  seeing  that  it  has  a 
narrow  mouth,  and  the  closest  affinity  with  Fanophrys,  with  which,  therefore, 
he  replaces  it,  along  with  Parammum,  &c.,  in  the  family  Parameoina.  We 
are  disposed  to  question  its  claim  to  a  generic  position ;  for  the  coloured  speck 
is  worthless  as  a  distinctive  character. 


Ophsyoolkna  atra  (Leucophra  Jfa- 
miUa,  M.). — Blackish,  ovoid,  compressed, 
acute  posteriorly.  A  black  stigma  is 
•ituatea  anteriorly  near  the  dorsal  mar- 
gin. The  mouth  is  at  the  bottom  of  a 
funnel-shaped  cavity,  commencing  im- 
mediatdiy  beneath  the  brow ;  within  this 
cavity  fDirenberg  thinks  he  has  lately 
seen  an  oval  bright  gland.  The  colour- 
less cilia  appear  like  silver  fringe  on  the 
dusky  animalcule,  especiallv  those  in 
front    In  turf-hollows.     1-1*80". 

O.  acuminata  (xxv.334,336). — Brown, 
ovate,  and  compressed ;  tail  short  and 
acute;  stigma  red.  The  brow  projects 
beyond  the  mouth  about  the  length  of 
the  body,  or,  in  other  words,  is  situated 
about  the  middle.  In  turf-hoUows. 
1-180". 

O.  Jlamcans. — Yellow,  turgid,  ovate, 
attenuated  and  rounded  posteriorly; 
stigma  red,  irregular  in  shape ;  the  cilia 
near  the  mouth  longer  than  in  the  pre- 
ceding species ;  Ehrenbeig  counted  from 
twelve  to  sixteen  rows  at  one  view.  In 
turf-hollows.     1-144". 

Nothing  like  a  lens  can  be  seen  within 
the  eye-speck ;  but  close  to  it  there  is  an 
hour-glass-shaped  body,  transparent  and 
apparently  structureless.  Its  position 
seems  fixed^  but  it  may  be  detached  by 
diffluence  oi  the  animalcule,  when  it  swells 
up  in  the  surrounding  water  and  often  ex- 
hibits a  central  cavity.  Its  presence  is  not 


necessarily  associated  with  the  coloured 
stigma:  m  Ophryoglena  atra  it  is  ab- 
sent ;  and  whust  'Bw9aria  possesses  this 
organ,  it  has  no  coloured  speck.  In 
other  Infusoria  having  stigmata,  such  as 
Euglen8Da,Peridinisea,  Sec,  no  such  oigin 
is  discoverable  in  connexion  with  them 
(Miiller's  Archir,  1856,  p.  21).  Stein 
advances,  as  a  distinctive  character  be- 
tween OpLJlaricans  and  Bursanajhca, 
the  difference  subsisting  in  respect  of  the 
nucleolus. 

O.  griseovirens  (Perty).  —  Elliptictl, 
with  more  or  less  unequal  sides ;  usuillj 
more  pointed  behind,  and  rounded  in 
front,  where  a  red  or  dark  pigment-^Mck 
is  visible.  Hyaline,  and  when  strongly 
magnified  reticular ;  but  frequently  con- 
tains grey  or  green,  and  in  raie  cases 
brown  molecules.  The  marginal  cilia 
very  distinct  Oral  fossa  in  anterior 
half  Movements  quick  and  revolving. 
1-300"  to  1-180".    In  ponds,  Bern. 

O.  Panophryt  (Perty).  —  Large,  oval 
when  seen  on  the  wider  side;  pointed 
end  posterior;  colour  greyish  yellow; 
without  pigment-speck.  When  seen  on 
the  narrow  side,  the  manrinal  cilia  appear 
in  concentric  curved  lines,  whilst  on 
the  broad  side  the  cilia  are  close  together 
and  apparently  irregular.  Movements 
slow.  Usually  swims  on  one  of  its  wider 
sides,  and  but  seldom  revolves.  Mouth 
wide.     1-144".    Uncommon. 


Genus  DILEPTU8  (Buj.)  (XXVI.  26).— This  genus  belongs  to  the  femfly 
"  Trichodina  "  {anUy  p.  608),  and  is  thus  defined : — Animal  with  a  iVisiform 
body,  much  elongated  anteriorly,  like  a  long  neck,  with  a  mouth  seated  at  the 
base  of  the  prolongation ;  vibratile  cilia  cover  the  surface,  and  are  of  larger 
size  in  front  and  near  the  mouth. 

Ehrenberg  has  arranged  Dileptus  with  the  Paramecina,  although,  nnlike 
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the  latter,  destitute  of  a  contractile  reticulated  integument.  The  type  of  this 
genus  is  the  Amphil^ius  Anser  of  Ehrenberg ;  and  the  A,  margariHfer  (Ehr.) 
is  also  referable  to  it. 


DiLBPTUS  FoUum  (Duj.)  (xxn.  26). 
—Very  flexible ;  lanceolate,  contracted 
in  frcmt,  with  nodular  reticulated  and 
irregular  stripes,  like   the  veins  of  a 


leaf.    In  river-water.    1-176"  to  1-130". 
Perty  remai^  that  this  oiganism  can- 
not be  a  species  of  Bilepim, 


Genus  LOXOPHYLLUM  (Duj.)  (XXVI.  32).— Very  depressed,  lamellar, 
oblique,  very  flexible ;  sinuous  or  undulated  along  the  borders ;  mouth  lateral ; 
dlia  in  wide  parallel  rows. 

Ehrenbei^  has  comprehended  LoxophyUum  with  AmphxltptuB,  Perty 
makes  the  separation. 


LoxoFHTLLUM  Mde(wr%s,  the  lype  of 
the  ^nvA^AmphiUptusmeleagr^ 

The  Trachdius  Meleagris  (Ehr.)  pro- 
bably   represents   also    another   Zoro- 


phj/Uum,  as  well  as  the  Kolpoda  oehrea 
of  Miiller^  which  Ehrenberg  states  to 
agree  with  his  An^hileptus  longicoUU, 


Genus  PLEUEONEMA  (Duj.  and  Perty)  (XXVI.  23),  represented  by 
the  Paramecium  Chrysalis  (Ehr.),  is  thus  defined  by  Dujardin : — **  Body  oval, 
oblong,  depressed ;  having  one  large  lateral  orifice,  from  which  a  tuft  of  long, 
floating  and  contractile  filaments  issues."  It  has  nothing  in  common  wi^ 
Parameciumy  he  adds,  besides  its  oblong  figure ;  whilst  the  bundle  of  long 
filaments  has  no  analogy,  except  in  the  genus  Alyscum.  However,  he  places 
it  in  his  fiEonily  Param^ciens,  whilst  Perty  introduces  it  as  the  sole  represen- 
tative of  a  fjEunily  "  Aphthonia,"  characterized  as  having,  besides  locomotive 
dHa,  other  longer  ones  or  filaments. 


PuBUBONEMA  crasmm  ^  Paramecium 
ChrysaUs  rEhr.).  —  Ovoid,  much  elon- 
gated, rather  depressed;  with  obtuse 
ends ;  finely  striated.    Lateral  orifice  at 


the  anterior  fourth  of  the  body,  with 
lonff  filaments,  some  proceeding  from 
the  Dorder,  others  from  the  posterior  ex- 
tremity.   1-120".  In  the  Mediterranean. 


Genus  OTOSTOMA  (Carter,  A.N.H.  1856,  xvii.  117)  (XXVHI.  24-26).— 
Body  ovoid,  of  a  light  brown  colour,  covered  with  longitudinal  lines  of  cilia. 
Mouth  ear-shaped,  in  a  depression  situated  about  the  junction  of  the  anterior 
with  the  middle  third  of  the  infusorium ;  buccal  cavity  broad,  short,  curved 
downwards,  and  a  little  upon  itself  outwards,  plicated  longitudinally  in 
parallel  lines.  Anus  terminal ;  gland  or  nucleus  long,  fusiform,  situated 
between  the  buccal  cavity  and  the  contracting  vesicles,  which  are  double 
and  connected  with  a  set  of  vessels  something  like  those  of  Paramecium 
Awrelxa. 

**  It  is,"  adds  Mr.  Carter,  "  a  Paramecium  closely  allied  te  Nasmla,  and, 
from  the  likeness  of  the  oral  orifice  te  the  human  ear,  I  propose  for  it  the 
name  of  *  Otostoma,^ "  Ite  cyste  have  been  discovered  on  NiteUa,  and  give 
exit  to  monadiform  beings  approaching  the  parent  Otostoma  in  form. 

FAMILY  XI.— OXYTRICHINA. 

(XXV.  336-344;    XXVHI.  4^-47.) 

Possess  two  separate  alimentary  orifices,  neither  of  them  situated  at  the 
extremities,  and  are  not  encased  by  a  dense  integument  (lorica).  Their  loco- 
motive organs  are  various,  consisting  of  setee,  vibratile  cilia,  and  non-vibratile 
styles  or  nncini,  variously  situated,  and  render  the  creatures  active.  (Poly- 
gastric  cells,  disposed  upon  an  alimentory  tube,  were  represented  by  Ehren- 
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berg,  except  in  Ceratidium.)  A  curved  line  of  strong  cilia  leads  towards  the 
mouth,  which  is  situated  about  the  median  line  at  the  posterior  third  of  the 
body,  and  opens  into  a  ciliated  oesophagus.  The  anus  is  behind  the  mouth, 
on  the  same  ventral  surface,  near  its  margin.  Complete  transverse  and  longi- 
tudinal self-division  is  observed.  The  process  of  encysting  may  be  presumed 
general;  in  Urostyla  Cohn  has  seen  the  ulterior  development  of  a  ciliated 
embryo. 

(Brow  without  horns OxytriduL 
Brow  with  horns   Ceratidium. 

{With  undni,  no  s^les  Kercma. 
With  stylas  no  undni  Urofltyla. 
With  styles  and  undni Stylonydna. 

This  femily  is  generally  similar  to  the  Keronina  of  Dujardin, — a  familj 
of  animalcules,  according  to  this  observer,  much  lower  in  the  scale  than 
many  in  the  fEunilies  previously  described,  such  as  Kolpoda,  Parcmtedum, 
Col^s,  &c. 

"  Processes  in  the  form  of  styles  or  hooks  characterize  both  the '  Keroniens ' 
and  the  <PloBsconiens ; '  but  the  latter  have  a  shield  (lorica),  whilst  the  former 
are  soft  and  have  no  sign  of  an  integument.  Of  the  '  K^roniens '  the  Oxy- 
tricha  have  neither  horns  nor  hooks,  but  only  drrhi  or  straight  processes, 
apparently  rigid ;  another  genus,  *  Halteria,*  has  large  cirrhi  like  the  pre- 
ceding, but  differs  considerably  in  its  mode  of  life  and  its  movements. 

**  The  Urostyla  of  Ehrenberg,  with  styles  only,  and  no  hooks  (nndni),  we 
unite  with  Oan/tricha;  and  his  Stylonychia,  provided  with  both  styl^  and 
hooks,  with  Kerona ;  another  genus  described  under  the  name  of  Ceratidium, 
homed  anteriorly,  but  wanting  both  styles  and  hooks,  seems  to  be  only  altered 
or  mutilated  Kerona,  On  the  other  hand,  Halteria  appears  to  be  indnded 
by  Ehrenberg  among  true  TJrceolaria,  in  his  genus  Tridwdinay  althou^  it 
possesses  none  of  the  characters.  The  Keroniens  are  found  in  stagnant  water, 
fresh  and  salt."  Perty  has  established  a  family  Oxytrichina,  which,  besides 
containing  two  new  genera,  styled  Mitophora  and  Stichotricka,  exdudes  Cera- 
tidium  and  Styhnychia,  referring  the  species  of  the  latter  genus  to  Karona, 
After  these  exclusions  and  additions,  Perty's  Oxytrichina  include  OxytridM, 
Urostyla^  Kerona,  Mitophora,  and  Stickotrieha, 

Genus  OXYTKICHA  (XXV.  336,  337;  XXIX.  21-24).-^tyles,  undni, 
and  horns  wanting.  The  body  is  soft,  flexible,  oval  or  oblong,  more  or  lees 
flattened,  and  provided  with  cilia  and  setee.  Their  movements  are  forwards 
and  backwards,  often  by  impulse, — creeping,  swimming,  and  climbing.  In 
all  the  species,  digestive  vacuoles  are  evident ;  in  five,  (ova-Hke)  granules ;  in 
four,  a  nucleus ;  and  in  five,  round  contractile  vesicles.  Transverse  and  longi- 
tudinal division  is  observed  in  0,  Lepus  and  0,  PeUioneUa  ;  longitudinal  (mly 
in  0.  Cicada,  and  perhaps  in  0.  PuUaster,  The  Trichoda  Nasamomwm  and 
T.  JEihiopica  (Ehr.)  and  Urostyla  belong,  in  Dujardin's  opinion,  to  Oxytrieha, 
and  Oocytricha  Cicada  (Ehr.)  to  the  Plcesconiens, 

Whilst  admitting  a  genus  Oxytricha,  Perty  makes  two  divisions  of  it,  the 
one  corresponding  generally  to  Uroleptus  (Ehr.),  and  the  second  to  Oxytri<^ 
(Ehr.).  The  differential  characters  given  are: — a.  Elongated  poeterioriy, 
embracing  most  Uroleptl  (Ehr.) ;  h.  Bounded  posteriori^,  equivalent  to  Oxy- 
tricha  (Ehr.).  Under  the  first  division  the  species  enumerated  are  0.  mudata, 
O.  Piscis,   0,  Musculus,  0,  ambigua,  and  0,  Lamella;  under  the  second, 
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O.proteuMy  0.  PeUtoneUa,  0.  gibba,  0.  Oallina,  0,  Pullast^,  0.  Lepus"^,  0. 
pkUystoma,  0.  cUcumana,  and  0.  fusea. 


OxYTBiCHA  rubra  (Drichoda  Piscis  et 
T.  patens,  M.).  —  Of  a  brick-red  colour ; 
linear  in  shape,  plane  on  the  under  side, 
and  equally  rounded  at  the  ends ;  pos- 
terior end  provided  with  setee.  In  sea- 
water.     1-140". 

O.  PMoneOa  (Trichoda  PeUiondkif  M.) 
rxxix.  21-24).— White,  smooth ;  slightly 
aepressed,  equally  rounded  at  both  ends, 
often  broader  in  the  middle  j  head  not 
separate ;  mouth  ciliated ;  tail  provided 
with  setae.  £ach  animalcule  nas  two 
oval  nuclei,  and  between  them  a  single 
round  vesicle.  When  self-division  com- 
mences, four  glands  are  develoned ;  and 
then  the  vesicle  divides.  Enrenbeig 
counted  ten  cilia  anteriorly,  and  four  or 
five  setn  posteriorly ;  the  anal  outlet  is 
at  the  base  of  the  set».  In  infusions, 
and  throughout  Switzeriand  in  swampy 
ponds  along  the  snow-line  of  the  Alps 
^Perty).  Auerbach  has  seen  it  enci^ 
Itself  (Siebold's  Zeitschr,  1854,  v.  p.  430). 
1-720"  to  1-280". 

Cienkowsky  surmises  this  species,  O. 
gthboy  Stylonychia  pustulata,  and  &  Ian- 
eeolata  to  be  one  and  the  same  animal- 
cule in  different  stages  of  growth  and 
under  different  circumstances  in  respect 
of  food,  &C.  This  notion  is  favoured,  he 
says,  by  the  &ct  that  the  animalcule 
which  escapes  from  an  encysted  S.  Ian- 
eeolata  is  exactly  like  S,  pwiulata. 

O.  eaudata,  —  Smooth,  white ;  linear- 
lanoeolate  in  shape,  rounded  anteriorly, 
attenuated  jpostenorly  in  the  form  of  a 
tail,  which  is  provided  with  setae.  Mouth 
evident.  In  fresh  and  sea-water.  1-576" 
to  1-84".  (See  Stylonychia  ptutukUa,) 

O.platyitomass  O.  eurystoma, — ^White, 


ovato-oblong,  under  side  flat,  with  mar- 
ginal setse  ;  mouth  large  and  ciliated.  It 
swims  with  a  revolving  and  vacillatinj^ 
motion,  and  often  upon  the  back.  U 
creeps  upon  water-plants,  in  standing 
bog-water.     1-240". 

0.  gibba  {Trichoda  Mba  et  /<Bte,  M.) 
(xxv.  386,  337^.— White,  lanceolate, 
ends  obtuse,  miadle  enlarged,  under  side 
flat,  and  furnished  with  two  scries  of 
setse,  and  a  large  round  mouth.  This 
{  species  resembles  O.  PManeUa,  but  is 
I  (ustinguished  by  its  setae,  the  two  or 
I  three  contractile  vesicles,  and  the  nu- 
cleus. This  creature  is  active,  and  runs 
nimbly  along  aquatic  plants  in  fresh  and 
brackish  water.  (Fig.  336  an  under 
view,  fig.  337  a  side  view.)  1-240".  It 
is  not  equivalent  to  the  O.  gMa  (Duj.). 

O.  PutUuier  (Trichoda  Puiia8ter,Kerona 
PuUaster,  M.).  —  Whitish,  lanceolate, 
ends  obtuse,  ventral  surface  naked  at  the 
middle;  the  head,  indicated  by  a  con* 
striction,  is  hairv,  like  the  tail.  The 
mouth  narrow,  in  water-butts,  streams, 
and  infusions.  1-430".  This  form  and 
O.  Lepua  Perty  believes  to  be  mere  va- 
rieties of  O.  PdHoneUa, 

0.  Cicada  (Trichoda  Cicada,  UX  — 
Ovate,  or  almost  hemispherical,  oack 
furrowed  and  notched,  under  surface 
fiat  Upon  the  surface  of  ^stagnant 
water.     1-1440"  to  1-860". 

O.  Lepus, — ^Whitish,  elliptical,  smooth, 
fiat;  ciliated  anteriorly;  provided  with 
setae  posteriorly;  the  mouth  and  dis- 
charging orifices  not  distinct;  and  the 
nucleus  unobserved.  In  standing  water. 
1-540"  to  1-96". 


The  following  additional  species  are  given  by  Dujardin  : — 


O.  incra8$ata, — Ovoid,  long,  colourless, 
fringed  posteriorly  with  rigid  setae.  Not 
so  long  as  O.  PeUionella,  and,  unlike  it, 
marine.    In  the  Mediterranean.    1-350". 

O.  Ling%M.  —  Diaphanous,  flattened, 
flexible,  elongated,  rounded  at  each  end ; 
wi^out  setae  or  apparent  cilia  poste- 
riorly; granules  of  surface  in  nearly 
regular  rows.  In  ditch-water  with  Con- 
fervae.     1-212'. 


O.  ambiffua, — Colourless,  oval,  oblong 
depressed  in  the  middle,  concave  on  one 
sidfe ;  margin  timiid ;  with  very  strong 
locomotive  cilia  on  the  concave  surface, 
and  with  rigid  setae  behind.  In  sea- 
water.     1-350". 

O.  radians, — Discoid,  red,  surrounded 
by  long  radiating  setae.  In  salt  or  brack- 
ish water.     1-520". 


Perty  brioigs  forward  the  following  as  new  species,  belonging  to  true  Oa^g- 
tricha,  characterized  by  severally  having  a  round  posterior  extremity : — 

O.  proteusa  (Perty). — ^Very  long,  and  I  longer  than    broad.      It  is    sometimes 
subeylindrical ;    nine    to  twelve    times  |  actuallv  four-sided,  with  wide  upper  and 
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under  sui&cee.  Mouth  a  rather  curved 
and  ciliated  fissure.  Cilia  yery  fine, 
those  of  the  upper  surfiEice  the  more  di- 
stinct, although  faint.  Small  specimens 
are  colourless  and  transparent ;  but  largrer 
ones  have  dark  mj  molecules  or  chloro- 
phyll within.  MoTements  tolerably  ac- 
tive. Perty  once  thought  this  species 
and  IVacheUusstncius  (Ihij.)  to  be  young 
individuals  of  Spirostomum,  but  he  subse- 
quently found  examples  1-84"  in  length. 
O.  gallina  (Perty)  =  Tnchoda  gaSina 
)  (Miiller). — Anterior  portion  hyaline, 
at,  with  large  cilia  j  molecules  grey. 
Only  once  seen. 

O.  decumana  (Perty). — Outline  rather 
irregular;  rather  smaller  in  front  than 


behind,  broadest  in  l^e  middle;  ends 
rounded ;  upper  surface  slightly  couTez, 
lower  flat.  Mouth  wide.  It  differs  in 
size  from  O.  pUdygtoma  and  in  its  out- 
line both  from  that  species  and  O.fiaea, 
In  length  it  equals  Uroeiyla  granm,  but 
is  mucn  broader.  Bern,  in  ponds.  1-96". 
O.  yiiMO.  —  Narrow,  eUiptical,  upper 
surface  convex,  lower  concave.  Oral 
orifice  wide.  Colour  usually  yellowish 
or  blackish-brown.  Lives  m  stagnant 
and  mouldy  water.  Cilia  in  front  and 
about  the  mouth  strongest ;  but  no  uncini 
occur  there.  Urostyla  prantUs  dxBen 
from  it  by  the  uncini  on  its  border. 
1-160"  to  1-84". 


Genus  CERATIDIUM  (XXV,  338,  339).— Ciliated,  with  horns  on  the 
frontal  region,  but  no  styles  or  uncini.  Little  of  their  organization  is  known ; 
and  therefore  their  systematic  position  is  uncertain.  A  power  of  not  less 
than  350  diameters  is  required  to  examine  these  creatures. 


Cebatidium  cunetdum  (xxv.  838, 
d89\— Body  triangular;  front  truncated, 
as  also  the  two  horns ;  upper  side  smooth. 
Ehrenbeig  found  this  wnitish  animalcule 
in  1820,  amongst  Confervfe,  but  had  not 


lately  seen  it  Dujardin  believes  it  to 
have  been  a  mutilated  Oxtftrieka.  It 
vibrates,  runs,  and  climbs  quickly. 
1-430". 


Genus  KEEONA  (XXV.  340,  341).— Cilia  and  uncini  present,  but  no 
styles.  Body  soft,  flexible,  oval,  flattened,  and  ciliated,  with  claws  (uncini), 
and  perhaps  setse,  on  the  under  surface.  Vacuoles  numerous ;  the  oral  (and 
probably  tiie  anal)  aperture  is  upon  the  yentral  surface.  One  or  more  con- 
tractile vesicles  and  a  nucleus  have  been  seen;  but  self-division  has  not 
been  observed. 

This  genus,  instituted  by  Muller,  was  at  first  adopted  by  Ehrenbeig  with 
little  modification ;  but  subsequently  he  transposed  almost  all  its  species  to 
his  genus  Styhnychia,  on  account  of  their  possessing  styles  as  well  as  undnL 
This  can  scarcely  be  considered  a  sufficient  reason  for  the  construction  of  a 
new  genus ;  and  accordingly  Dujardin  rejects  Siyhnyt^ia,  and  thus  restores 
the  genus  Kerona  nearly  to  its  original  importance.  As  already  noted,  he 
likewise  adopts  Kerona  as  the  representative  of  his  family  Xeronina.  Perty 
coincides  with  the  French  naturalist,  and  rejects  both  CercUidium  and  Styr2(h- 
nychia,  treating  the  species  of  the  latter  as  examples  of  Kerona.  He  remarks 
that  Ehrenberg  has  very  needlessly  changed  the  name  Keroita,  given  by  Miiller, 
for  that  of  Styhnychia, 

The  Keronce,  thus  understood,  dif^  from  Oxyiricha  only  in  the  form  of 
their  cirrhi  or  processes,  the  base  of  which  is  commonly  dilated  in  the  fonn 
of  a  transparent  globe,  and  moveable  withal.  Moreover  they  are  equally 
voracious,  are  abundant  in  stagnant  water  and  infrisions,  and  capable  of 
being  much  varied  in  form. 


Kerona  polyporunu  —  Whitish,  de- 
pressed, elliptical,  and  reniform ;  a  series 
of  cilia  surrounds  the  frontal  region,  ex- 
tended from  beneath  the  mouth.  Ehren- 
berg counted  above  forty  vacuoles,  manv 
of  them    filled  with    orownish    (hal/- 


digested  green)  Monads,  (xxv.  340  Is 
a  back  view,  and  341  a  side  view, 
climbing.)  Parasitic  on  Hydra  vui^aris 
{^Microscopic  Cabinet^  p.  7).  Animals 
infested  with  them  die.  1-144". 
This  species  is  the  type  of  a  genus  named 
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Alastor  in  Perty's  sjst^n,  detached  from 
other  Ciliata  by  reason  of  its  parasitic 
habits,  and  placed  withi%i$rto<oma  (Duj.) 
and  OpaUna  in  a  family  named  Cobalina. 

K.  pustuiata  (J)\ij.)ssiStyl(myehia  pna^ 
Mata, 

K.  mstfio  n>ui.)«i».  Histrio. 

K,  MytHm  {pm,)^8L  Mytihu, 

JK,  ^^iru8  (pvLy)  =  8t.  SOurus. 

K.  laneeokUass St,  kmceoktta. 


K.  CalvitiHm  (MUll);  K  Jknbriata 
(Miill.),  and  Trichoda  foveata  and  TV. 
Cameius  (MiilL),  are  proDably,  according 
to  Dujardin  and  Perty,  mere  varieties  of 
jBu  pusiuiiUa, 

K  PuUagter  (Miill.)  is  cited  by  Ehren- 
ber^  as  =  Oxytricha  PuUatier,  but,  as 
Dujardin  thinks,  is  only  an  imperfectly- 
examined  or  a  deformed  specimen  of 
SLpuatuUUa^ 


Genus  TJROSTYLA  (XXV.  342).— Cilia  and  styles  present,  undni  want- 
ing ;  the  cilia  are  thickly  disposed  in  numerous  rows,  and  are  longer  near 
the  mouth.  On  the  ventral  surface,  at  the  posterior  end,  is  a  small  deft, 
provided  with  non-vibratile  set©.  Internally  are  numerous  vacuoles,  which 
may  be  filled  with  particles  of  colour ;  a  nucleus,  a  contractile  vesicle,  and 
delicate  granules.    Transverse  self-division  has  been  observed. 

Ubostyla    grandis    (xxv.  342).  —    produced  by  the  vibration  of  the  cilia 


White,  semicyfindrical,  rounded  at  the 
ends ;  slightly  enlarged  anteriorly,  hence 
dub-shaped  \  styles  short ;  mouth  larse, 
one-fourth  to  one-third  the  length  of  me 
body.  It  has  long  cilia  on  both  sides ;  the 
discharging  orifice  has  from  five  to  eight 
little  styles  on  the  left  side  only ;  sto- 
mach-iuice  colouriess.  The  young  ani- 
malcules are  flatter  than  the  old  ones, 
(xxv.  842,  an  under  view  with  glands, 
veside,  and  the  ceUs  filled  with  Bacil- 
laria    and   coloured   nmtter.    Currents 


about  the  mouth  are  also  indicated  in 
the  drawing.)  On  slimy  dead  sedge- 
leaves.  1-144"  to  1-96".  Perty  doubts 
the  independent  specific  character  of  this 
form,  and  would  rather  consider  it  a 
variety  of  Oxytricha  fusca,  or  more  pro- 
bably of  O.  piatf/stoma  in  a  further  deve- 
loped state ;  for  Ehrenberg  admits  that 
the  uncini  at  the  posterior  extremity  are 
small;  and  if  so,  they  can  scarcdy  be 
characteristic. 


Genus  STYLONYCHIA  (XXV.  :i43,  344 ;  XXVIII.  10,  74-76 ;  XXIX. 
18). — Ciliated,  and  armed  with  styles  and  uncini  variously  disposed. 

In  one  species  Ehrenberg  thought  he  had  traced  the  course  of  the  alimen- 
tary canal  with  its  numerous  digestive  cells ;  in  the  others,  he  found,  coloured 
food  was  received.  Transverse  and  longitudinal  self-division  occurs  in  two 
q^ecies;  transverse  only  in  a  third.  In  JS.  pustulata,  the  formation  of 
gemmsB  is  said  to  occur.  Perty  remarks  that  Ehrenbeig,  without  any  suffi- 
dent  reason,  has  transferred  many  of  the  Keranm  of  Miiller  to  Stylonychia, 
Hie  granules  and  molecules  are  numerous,  and  often  in  heaps ;  one  or  two 
nuclei  and  a  contractile  vesicle  are  generally  visible. 


SrrLONYCHiA  Mytxkut  {Trichoda  My- 
t3us^  Kerona  Mytuus,  M.  and  Perty) 
(xxvnL  10).  —  White,  fiat,  oblong, 
slightly  constricted  in  the  middle,  ob- 
liquely dilated  anteriorly  in  the  form  of 
a  miuwd.  The  extremities  are  so  trans- 
parent that  they  give  it  the  appearance 
of  being  covered  with  a  shield ;  out  they 
are  soft,  flexible,  and  ciliated.  Bujardin 
observes  that  the  integimientary  appen- 
dages are  very  long,  consisting  of  a  row 
of  strong  cilia  in  front,  a  series  of  uncini 
and  numerous  styles  behind.  The  line 
of  cilia  leading  to  the  mouth  does  not 
reach  the  centre  of  the  body.  Its  extre- 
mities are  so  thin  and  flexible  that  they 
yield  before  obstades  in  their  move- 
ments, like  the  IioB$eoma  PateQa.     It 


differs  little  from  &  (JT.)  pustulataf  ex- 
cept in  size  and  the  strength  of  its  super- 
ficial processes.  The  middle  of  the  body 
is  sometimes  fiUed  with  delicate  white 
granules.  Often,  however,  as  Perty  men- 
tions, the  animalcule  is  coloured  green 
with  chlorophyll  received  in  its  food. 
This  animalcnle  generally  has  a  peculiar, 
thrusting,  forward-and-back  movement, 
but  can  climb,  run,  and  swim  nimbly, 
usually  with  the  back  undermost.  Ehr- 
enberg found  that  a  single  animalcule 
lived  nine  days :  during  the  first  twenty- 
four  hours  it  was  developed  by  transverse 
self-division  into  three  animals;  these 
in  twenty-four  hours  more  formed  two 
each,  in  the  same  manner ;  so  that  by 
self-division  only  (without  ova),  these 
2t2 
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animalcules  increase  three-  or  fourfold 
in  twenty-four  hours,  and  may  thus  pro- 
duce a  million  from  a  single  animalcule 
in  ten  days.  An  abundant  supply  of  food 
fovours  self-division.  In  infusions  and 
amongst  OtciUatoruB^  &c.,  in  stagnant 
marsh-water.    1-240"  to  1-96". 

8.  jHtttmlata  (  Trichoda  Aearus,  M. ;  Ke- 
rona  jmstukUa,  Duj.). — White,  turbid, 
elliptical  or  oval  compressed,  attenuated 
at  both  ends,  and  havinff  a  band  of  un- 
cini  at  the  middle  of  the  belly.  Ehren- 
beif^  has  seen  transverse  and  longitudinal 
division,  and  the  growth  of  gemmie.  In 
infusions  and  stagnant  marsh-water. 
1-144".  This  species  has  been  seen  in  the 
encysted  state  by  Stein  and  Schneider 
(xxix.  J8).  The  white  colour  is  no  cha- 
racteristic, since  it  is  fremiently  ffreen 
from  food  received.  Schneider  (A,  N.  H, 
2  ser.  ziv.  p.  328)  observes  tiiat  after 
exclusion  from  their  cysts  they  present 
a  remarkable  resemblance  to  Ox%ftr%eha 
cmidata ;  the  posterior  extremity  m  par- 
ticular is  always  bent  round  in  the  man- 
ner represented  by  Ehrenber;^.  Pineau 
calls  this  animalcule,  in  his  history  of  a 
transformation  of  VorUctUa,  bv  mistake 
an  Oxytricha  (see  Amu  d,  Sc.  liai,  1848, 
ix.^.  Cienkowsky,  however,  regards  both 
this  species  and  clt.  lanceolata  as jphases  of 
existence  of  the  same  being  as  Oxytrieha 
PeJUoneUa  and  O.  gtbha. 

S.  aauru9{Tr%choda  Silurus,  Kerona  Si- 


ltfit»,M.,I>uj.,andPertv).— SmaUyWhite, 
of  the  form  of  a  mussel;  cilia  and  undni 
rather  long.    In  fresh  water.     1-280". 

S.  appendieuhta, — Elliptical,  white, 
small,  and  flat;  dliaand  styles  long;  the 
setae  disposed  obliouely  in  feyBciclee.  In 
fresh  water.    1-280". 

S.  Jlidrio  (Pttrameemm  Stdrio^  JKie- 
rana  SiatriOf  M.  and  Perty). — Elliptical^ 
white;  middle  slightly  tuigid,  termi- 
nated anterioriy  by  a  cluster  of  undni ; 
no  setoB.  Ehrenberg  states  that  the  ab- 
sence of  the  three  posterior  setae  in  Hub 
and  the  following  species  is  remaikahle, 
inasmuch  as  the  others  possess  them. 
Fission  transverse.  Amongst  Confervae. 
Dujardin  is  inclined  to  r^ard  this  as  m 
mere  variety  of  &  (Kerona)  puttulata, 

S.  kmeeotaUi.  (^Kerona  kmeeolatOj 
Duj.  and  Perty)  (xxv.  348,  344).— Pale 
greenish ;  lanceolate  in  shape,  extremities 
equally  obtuse,  under  side  flat;  it  has  a 
cluster  of  uncini  near  l^e  moul^  but  no 
styles.  Ehrenberg  saw  in  one  specimen 
a  simple  contractile  vesicle  on  the  Ic^ 
side,  oelow  the  mouth,  and  near  it  a 
large  oval  gland.  Green  Monads  and 
fiacillaria  may  be  seen  in  this  voracious 
animal^  surrounded  with  colourless  sto- 
mach-juice. (zxY.  343  represents  an 
under  view,  and  344  a  side  view.; 
Amongst  Confervae.  1-144"  to  1-130". 
(See  note  on  SL  puttulaUi,)  Encysted 
state  observed  (xxym.  74-70). 


Genus  HALTERIA  (Duj.)  (XXVI.  31).— Body  nearly  globular  or  turbi- 
nate, surrounded  by  long,  very  fine,  retractile  cilia,  which  adhere  to  the  ^biss, 
and  by  their  sudden  contraction  enable  the  animal  to  change  its  place  briskly, 
as  if  by  leaping ;  a  row  of  very  strong  obliqae  cilia  occupies  the  drcnm- 
ference. 

The  type  of  this  genus  is  HaUeria  Orandinetta  (XXVI.  31  o,  6,  c),  called 
by  Ehrenberg  Trichodina,  and  placed  by  him  in  the  family  Vorticellina, 
along  with  species  totally  different.  Dujardin,  however,  more  correctiy 
.  refers  them  to  the  family  called  Eeronina  (see  p.  640). 

Genus  MITOPHORA  (Perty)  (XXVin.  46,  47).— Body  small,  thicker 
behind,  having  on  one  side  a  row  of  large  cilia,  and  posteriorly  a  filament  of 
nearly  the  length  of  the  body,  and  either  with  a  simple  or  a  slightly  nodoee 
extremity. 

MrroFHOBA  didna  (xxvin.  46,  47). —  ,  the  other.    Movement  sluggish,  revolv- 
Hyaline ;   sometimes  filled  with  green  i  ing.    It  has  some  resemblance  to  TW- 
coipuscles ;  with  the  characteristic  row  I  choda  pr€ec€p$  (M.).    1-450". 
of  larger  cilia  along  one  side,  and  few  on  I 

Genus  STICHOTRICHA  (XXV11143,  44).— Lancet-shaped,  cylindrical, 
elongated  anteriorly  and  flat ;  mouth  at  this  portion ;  on  one  side  an  oblique 
row  of  cilia. 

Stichoteicha  secunda  tovni.  43, 1  molecules  or  chlorophyll-grains ;  c ylhi- 
44). — Hyaline ;  usually  filled  with  grey  I  drical  or  rather  compressed,  rounded  or 
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truncate  behind.  Cilia  on  ventral  sor- 
fiice  shorty  longer  before  and  behind; 
it  swims  rather  actively,  revolving  at  the 


same  time ;  sometimes  it  crawls.  1-240" 
1-180". 


FAMILY  XII.— EUPLOTINA  ob  EUPLOTA. 
(XXV.  345-353;  XXVI.  22,  30). 

Loricated ;  alimentary  canal  with  two  separate  orifices,  neither  of  which 
18  terminal.  Organs  of  locomotion  highly  developed,  simUar  to  those  of  the 
preceding  fieunily. 

This  family  bears  a  general  resemblance  to  the  genus  AseUus  among  the 
hig^y-developed  Entomostraca.  Organs  subservient  to  nutrition  are  di- 
stinctly seen  in  three  genera ;  and  one  is  remarkable  by  having  a  cylinder  of 
wand-like  teeth,  and  a  beautiful  rose-coloured  digestive  juice,  like  that  seen  in 
Nanula.  Granules  and  a  nucleus  are  found  in  two,  and  a  contractile  vesicle 
in  three  species;  self-division,  transverse  and  longitudinal,  has  been  ob- 
served in  one ;  but  gemmae  are  not  produced.  One  ^rm  is  green,  the  others 
are  colourless  or  whitish.    This  family  comprises  the  following  genera : — 


Teeth    f  Head  digtanguiahed  from  the  body   DisoocephaluB. 

I  Head  not  diadnguiihed  from  the  body Himantophonis. 

^Teeth  present Chlamidodon. 

With  cilia,  dawB,  and  styles Euplotes. 


With  cilia; 
no  styles. 


This  fiimily  Euplotina  corresponds  in  part  with  that  of  the  Plcesconiens 
<^  Dujardin,  which  includes  animalcules  of  an  oval  or  reniform  depressed 
figure,  not  contractile,  but  only  slightly  fiexible,  and  invested  with  an  appa- 
rent shield  (lorica),  which,  however,  undergoes  diffluence  like  the  softer 
parts.  Mouth  furnished  with  vibratile  cilia,  and  often  also  with  cirrhi,  in 
the  form  of  styles  or  moveable  hooks.  They  swim  by  means  of  the  vibratile 
cilia,  or  crawl  by  the  aid  of  the  other  appendages. 

The  PloBsconiens  are  distributed  into  five  genera : — Ploescoma  and  Chlami^ 
docUmy  with  a  visible  mouth,  the  latter  also  having  teeth ;  Diophrys  and  Coc- 
cmdina,  without  visible  mouth:  in  the  former  the  cirrhi  or  processes  are  grouped 
at  the  two  ends,  in  the  latter  they  cover  the  under  sur&ce ;  Loxodes  has  only 
vibratile  ciiia. 

The  animalcules  of  the  genus  Pkesconia  seem  for  the  most  part  identical 
with  the  Euplotes  of  Ehrenberg ;  but,  as  the  identification  is  in  some  cases 
uncertain,  and  as  several  new  species  are  described  by  Dujardin,  we  shall 
subjoin  Fioaeonia,  as  an  appended  genus,  along  with  Diophrys  and  Coceudina. 

Perty  adopts  the  family  Euplota,  which  he  prefers  to  call  Euplotina,  and 
also  comprehends  in  it  the  Aspidiscina  (Ehr.)  and  the  Plcesconiens  (Buj.). 
Its  genera  sae— Euplotes,  HimatUophorus,  Coceudina  (Buj.),  ond  A^idisca, 

Genus  DISCOCEPHALUS  (XXV.  345,  346).— Styles  and  teeth  wanting, 
bat  nncini  present ;  the  head  is  also  distinguishable  from  the  body.  The 
oxganiiation  is  unknown,  only  the  non-vibratile  undnated  locomotive  organs 
having  been  specially  observed,  the  characteristic  species  having  been  only 
casually  examined  by  Ehrenberg  during  his  travels  in  the  East.  The  genus, 
therefore,  must  be  held  a  doubtful  member  of  this  family. 
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DiscocKPHALUS  rototorius  (xxv.  845, 
346). — ^Transparent;  head  smaller  than 
the  body ;  mouth  rounded  at  both  ends. 


(xxT.  845  is  an  under-^  and  txv,  846  a 
side-view.)    In  the  Bed  Sea.    l-88(r. 


Genus  HIMANT0PH0RU8  (XXV.  347,  348).— Bistingmshed  bj  ike 
absence  of  styles  and  teeth,  by  having  numerous  uncini,  and  by  1^  head 
not  being  distinct  from  the  body.  The  long  bent  hooks,  graierally  in  pain, 
appear  like  a  broad  band  upon  the  under  side,  and  serve  as  organs  oi  loeo- 
motion ;  near  them  is  a  row  of  cilia  extending  from  the  mouth  to  the  middle 
of  the  body.  The  mouth,  discharging  onEce,  and  numerous  vacuoles  an 
distinct.  At  the  posterior  margin  is  a  large  contractile  vesicle ;  betwe^  the 
row  of  cilia  and  margin  on  the  right  is  a  series  of  glandular  (?)  spots.  Self- 
division  has  not  been  observed. 


HiMANTOPHOBUS  Charon  (M.)  (xxv. 
347,  348).— Transparent,  flat,  emptical, 
anteriorly  slightly  truncated  obliquely; 
cilia  short,  imcini  short  and  lender.  The 
mouth  commences  anteriorly,  at  the 
lower  angle  of  the  triangular  bright  spot ; 
but  the  true  oesophageal  opening  appears 
to  be  within  the  curved  lorica,  at  the 


end  of  the  dorsal  row  of  cilia;  Ihe  anal 
opening  is  near  the  base  of  the  last 
cluster  of  four  to  six  comb-like  undni, 
which  supi^ly  the  place  of  strdes.  (xiv. 
347  is  a  side-,  and  xxv.  348  an  under- 
view.)  In  stagnant  water  and  ponds, 
amoi4;8t  decayed  leaves.     1-180". 


Genus  CHXAMIDODON  (XXV.  349).— CUiated  mouth,  provided  with 
teeth ;  styles  and  uncini  absent ;  an  oval  transparent  lorica  or  shield  covers 
the  back,  and  projects  around  it ;  a  margin  of  cilia  surrounds  ihe  body;  they 
are  longer  near  the  brow;  short  climbing  setsB  probably  exist  posterioriy 
between  the  cilia.  There  are  distinct  vacuoles,  as  also  vesicles  containing  a 
beautiful  rose-coloured  fluid ;  the  mouth  has  a  hollow  cylinder  of  wand-1^ 
teeth.  Internally  are  minute  green  granules  and  a  large,  oval,  bright  o^tzal 
nucleus.     Self-Avision  unknown. 


CuLAinDODOHf  Mnemaeyne  (xxv.  349). 
— Flat,  elliptical,  sometimes  dilated  an- 
teriorly, as  shown  at  xxv.  349.  It  is  of 
a  clear  green  or  hyaline  hue,  with  bril- 
liant rose-coloured  vesicles;  delicate 
longitudinal  lines  are  seen  upon  the  sur- 


face of  the  animalcule,  and  i^pear  to  be 
situated  on  the  lorica.  Ehienbeig  counted 
sixteen  wand-like  teeth,  disposed  cylin- 
dricallv.  The  movement  is  auick  and 
powerful,  as  in  JEuphtet.  Witli  Zotkra 
and  Scytos^phon.     1-570". 


Genus  EUPLOTES  (XXV.  350-363).— Locomotive  organs  highly  deve- 
loped and  various,  in  the  form  of  cilia,  styles,  and  uncini,  but  teeth  wanting. 
D^estive  vacuoles  have  been  filled  in  four  species  with  coloured  food ;  the 
termination  of  the  alimentary  canal  is  indicated  in  one  species  by  the  dis- 
charge, in  the  rest  by  the  projection  of  the  little  shield ;  tie  digestive  juke 
is  colourless ;  oval  or  round  simple  nuclei  occur  in  three ;  a  single  contractile 
vesicle  exists  in  five,  and  in  a  sixth  two  such.  Self-division,  transverse  and 
longitudinal,  has  been  observed  in  one  species,  and  transverse  only  in  two  or 
four  others.     (See  general  remarks,  p.  645  ;  and  PixEscoinA,  p.  647.) 

Perty  makes  the  remark  that  some  of  the  assumed  species  of  EuploUs  may 
be  modifications  of  the  same  being,  due  to  pressure  between  the  glaasefi 
during  examination,  since  the  so-called  lorica  is  only  relatively  hard.  T^ 
lorica  has  the  form  of  a  carapace  or  shield,  covering  only  one  sur&ce,  leaving 
the  under  one  free.  "  The  styles,  which  are  trailed  along,  are,**  says  Lach- 
mann,  '*  split  up  at  the  apex  into  as  many  as  eight  parts  in  many  species, — 
e,  g.  in  E.  Patella,  in  which,  too,  one  style  bears  a  number  of  small  lateral 
branches.'' 
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EuFLOTSS  PaUlUa.  ^  Lorica  large, 
neady  circular,  slightly  truncated  ante- 
riorly 'y  margin  transparent,  broad ;  back 
eleyated,  gibbous,  and  covered  with  a 
few  delicate  smooth  stris.  The  mouth 
is  ciliated  on  each  side ;  the  oesophaffus 
is  near  the  side,  below  the  middle  Ime, 
tiie  discharging  orifice  behind  the  base 
of  the  styles.    With  Lemn».    1-280". 

R  Cianm  (THchoda  Charmy  M.) 
(XXV.  850^353).— Lorica  small,  ovate- 
ellintical,  slightly  truncated  anteriorly, 
ana  having  granular  striao  on  the  back ; 
twenty  to  forty  cilia  were  counted  by 
Ehrenberg,  but  no  setie^  a  contractile 
veaide  and  one  or  more  nuclei  have  been 
seen.  In  standing  water  and  infusions. 
Schneider  has  seen  it  in  the  encysted 
condition.    1-280". 

£.  striatua, — Oblong,  elliptical,  slightly 
truncated  anteriorly,  uncmi  only  upon 
the  posterior  part  of  the  body:  four 
smooth  strio  upon  the  back.  Fission 
longitudinal  In  sea- water,  but,  accord- 
ing to  Perty,  also  in  freshwater  ponds, 
&c    1-240.^' 

£.  appendkulaius, — OTate-oblong,ends 
rounded,  provided  with  oblique  styles 
and  four  straight  setse  upon  the  posterior 
part  of  the  boay.  In  fresh  and  sea  water. 
1-240". 

This,  says  Stein,  is  tiie  HoBsconia  Urn" 
giremk  of  thijardin. 


£.  tnmcaim, — Oblong,  with  smooth 
strife  j  unequally  truncated,  and  notched 
anteriorly.  It  nas  sets  and  numerous 
uncinL  The  styles  are  straight  In  sea- 
water.    1-240". 

^  Both  this  and  the  preoedinff,  Perty  be- 
lieves to  be  phases  of  development  of 
E,  Charon  and  Mtriatut. 

E.  monaafybis, — ^EllipticaL  ends  round- 
ed, no  striad.  It  has  a  sinfi^e  style,  like 
a  tail,  but  no  uncini  Li  sea-water. 
1-400". 

£.  aeukatus. — Oblong,  nearly  square, 
ends  rounded;  it  has  two  crests  upon 
the  back,  one  bearing  a  little  spine  in  the 
middle.  In  sea- and  pond- water.  1-430". 

R  turriiui, — Smooth,  nearly  circular; 
it  has  a  long  erect  spine  on  the  centre  of 
the  back.     1-600"  to  1-430". 

E.  Cimex  {Trichoda  Cimex,  M.).— Ob- 
lonff  elliptioal,  and  smooth,  provided 
with  cilia,  styles,  and  uncini.  In  sea- 
water,  and,  says  Perty,  in  fresh  pond- 
water.     1-430". 

R  viridis, — ^Large  (ample),  oblong, 
truncate  in  front,  with  a  central  obtuse 
tooth,  dorsum  flat;  granules  green. 
1-480".    Berlin. 

JE.  qfims  (Perty)  s  Flcescama  qfinia 

•uj.). 

E.  mbrotundui  (Perty)  s  FkBSOoma 
aubrotimda  (Duj.). 


Gesiiis  PLCBSCONIA  (Duj.). — Body  oval,  more  or  less  flattened,  enclosed 
by  an  apparent  lorica,  marked  by  longitudinal  ribs,  famished  mosdy  on  one 
of  its  fdane  surfaces  with  scattered,  fleshy,  thick  processes  in  the  form  of 
stiff  hairs,  or  of  non-vibratile  hooks,  yet  moveable  and  serving  the  purpose 
of  feet ;  on  the  other  surface,  with  a  row  of  vibratile  cilia  regularly  pla!ced, 
and  becoming  finer  as  they  recede  from  the  anterior  towards  the  posterior 
end,  where  the  mouth  is  situated,  and  in  the  direction  of  which  they  vibrate. 

'<  In  my  opinion,''  adds  Dujapdin,  '<  a  PlcescarUa,  notwithstanding  its  ap- 
parent complexity  of  structure,  is  yet  an  animal  as  simply  organized  as  those 
previonsly  considered — ^having  a  simple,  fleshy,  homogeneous  substance,  which 
assnmes  during  life  a  rather  complex  form,  but  loses  it  at  the  moment  of 
death,  having  no  membrane  or  fibre  to  sustain  it.  The  cilia  or  cirrhi,  though 
of  varied  form,  are  still  of  the  same  nature,  and,  I  should  say,  of  nearly  the 
same  consistence.  They  have  a  mouth  also,  but  no  anus ;  vacuoles  are  formed 
at  the  bottom  of  the  mouth,  as  a  result  of  an  impulsive  force  produced  by  the 
Tibratile  cilia  on  the  surrounding  liquid,  or  they  may  be  hollowed  out  in  any 
part  beneath  the  surface ;  lastly,  disseminated  through  the  mass  are  granules 
varying  in  kind,  and  which  I  cannot  admit  as  determinate  organs  nor  as  ova." 

We  much  doubt  the  necessity  of  creating  this  new  genus,  since  all,  or 
nearly  all,  the  species  referable  to  it  might  be  arranged  with  Euphtes,  Stein 
treats  PUesconia  as  synonymous  with  Euphtes  (Ehr.),  but  would  retain  the 
former  term  to  designate  a  new  genus  represented  by  PL  Scutum  (Duj.),  a 
species,  indeed,  whidi  is  marked  by  the  French  naturalist  as  a  doubtful 
member. 
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It  will  be  observed  that  Dujardin  denies,  as  usual,  the  existence  of  on 
anus ;  this  aperture  is,  however,  generally  stated  to  be  found  on  the  vesitral 
surface,  near  the  posterior  extremity. 


Pl(ESC0NIA  PateUa=I!t^lote8  Patella 
(Ehr.). 

P.  Vannua, — Depressed,  oblong,  oval; 
very  transparent,  smooth,  without  strias, 
5  to  8  fmterioT  hooks ;  and  7  to  8  straight 
styles  behind.    In  sea- water.    1-218". 

P.  (P)  Scutum, — Larger  than  the  pre- 
ceding, with  the  band  of  vibratile  cilia 
extending  fiurther  backwards,  and  the 
posterior  styles  inflected  and  sinuous. 

"  This  species,"  says  Stein  (n.  158^, 
*' diflfers  fipom  the  other  Et^loteshoih  m 
having  prehensile  cilia  (uncini^  not  only 
on  the  ventral  surface,  at  tne  poste- 
rior portion  of  the  body,  but  also  on  the 
dorsal  surface,  and  in  many  other  pecu- 
liarities." 

P.  balteata. — Oval,  rather  narrower  in 
front,  diaphanous,  with  6  strisB  (ribs); 
the  band  of  cilia  extending  five-sixtns 
the  length  of  the  body;  styles  few,  feeble. 
In  sea- water ;  no  hooks,  as  in  P.  Vannus, 
1-325". 

P.  OUhara, — Oval,  with  ten  regularly 
disposed  well-marked  ribs;  the  row  of 
ciha  semicircular,  extending  two*-thirds 
its  length ;  styles  not  long,  and  almost 
confined  to  the  posterior  extremity. 
In  stagnant  sea-water.  1-290"  to  1-276". 

P.  erassa, — Oval,  oblong;  thick,  but 
diaphanous,  Mrith  some  faint  signs  of  ribs ; 
the  band  of  cilia  little  curved,  and  ex- 
tending one-half  the  length;  6  to  8  curved 


styles  at  anterior,  and  5  to  7  strai^t 
ones  at  posterior  extremity.  With  &e 
preceding,  in  sea- water.    1-362^. 

P.  CWow.— Irregularly  oval,  truncate 
in  firont,  narrower  behmd,  with  wdl- 
marked  ineg^ular  ribs;  s^les  long,  not 
curved.  Differs  much  from  Bt^hle$ 
Charon  (Ehr.). 

P.  o^;^.— Diflfers  from  P.  C9tanm,  by 
its  habitat  being  in  fresh  water,  and  by 
having  its  anterior  portion  narrower, 
whilst  its  posterior  is  more  rounded  and 
less  plaited. 

P  (?)  mibratunda. — Oval,  thick,  gra- 
nular within ;  no  distinct  ribs ;  tmnotted 
and  fissured  in  front;  styles  long,  thin  at 
each  end.  In  infrisions.  1-535"  to 
1-475". 

Perty  found  it  under  the  ice  in  a  pond 
near  the  Hospice  of  St  Bernard,  and  sug- 
gests it  to  be  no  more  than  a  variety  of 
P.  o^E/iw  with  indistinct  ribs  (stri»). 

^(P)  radiosa. — Lfonger  than  the  pre- 
ceding, 1-520" to  1-396'S  with  longs^ 
radiatmg  from  each  extremity.  In  river- 
water. 

P.  longiretms. — ^Very  depressed,  ine- 
^arly  oval,  dilated  on  the  side  support- 
mg  the  ciHa,  where  it  is  more  tnm^s- 
rent,  with  3  to  4  slightly  prominent  large 
ribs;  styles  numerous,  verv  long  awl 
flexible.  In  sea-water.  l-40d"  to  l-30r. 

P.  aculeatassJEi/gflotes  aeuleaiu8(Tla.). 


Genus  DIOPHRYS  (Duj.)  (XXVI.  22  a,  6).— Body  discoid,  irregular, 
thick ;  concave  on  one  side,  convex  on  the  other ;  with  long  styles  grouped 
at  each  end ;  no  mouth. 


DiOPHRYS  marina  (xxvi.  22  a,  b), — 
Ovalj  with  a  longitudinal  excavation ; 
termmated  in  front  by  5  great  vibratile 


cilia, and  behind  by  4  to  5  very  koggeni- 
culate  styles.    In  sei^water.    l-^u'. 


Genus  COCCFDINA  (Duj.)  (XXVI.  30  a,  6,  c).  — Body  oval,  depressed 
or  nearly  discoid,  often  rather  sinuous  on  the  margin;  convex,  pitted  or 
granular,  and  glabrous  above ;  concave  below,  with  vibratile  cilia,  and  styles 
or  hooks,  serving  as  feet ;  without  mouth. 

Intermediate  between  Loxodes  and  Plassconia,  having  the  appendages  oi 
the  latter,  and  the  general  figure  of  the  former.  Ehrenberg  has  Idft  the 
Coceudince  known  to  him  dispersed  among  the  species  of  Oa^iricha  and 
Ewplotes,     Aspidisca  should  probably  be  referred  to  this  genus. 


CoccuDiNA  costata. — Oval,  obliquely 
contracted,  and  siuuous  in  front ;  convex 
and  ftirrowed  beneath,  where  from  5  to  6 
very  prominent  tubercular  ribs  are  foimd, 
supporting  long  cilia;  appendafiree  grouped 
at  each  end;  the  anterior  thinner  and 


vibratile.    In  marsh-water  and  swampy 
ponds.    1-965". 

C.  erassa,  —  Oval;  larger  and  appa- 
rently truncated  behind ;  contracted  and 
sinuous  in  front;  convex  above,  with 
feebly-marked  ribs ;  anterior  appendages 
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in  the  fonn  of  hooks;  posterior,  of 
straight  styles.  1-20".  Miurine^  among 
coraflines. 

C.  poli/poda  (xxvi.  SOOfb,  c). — Oval, 
sinuous  in  front;  convex  above,  and 
marked  with  from  7  to  8  narrow  ribs; 
flat  below,  and  fiiniished  with  numerous 
long  and  flexible  styles.  In  stagnant 
sea-water. 

C.  Cicada, — Oval,  very  convex  above, 
granular,  without  costte ;  margin  round- 
ed :  concave  beneath,  and  there  provided 
with  long  and  flexible  styles.  Anjpears 
the  same  as  the  Trichoda  Cicada  of  Miiller, 
but  not  as  its  supposed  synonym  Oxy^ 


tricha  Cicada  (Ehr.),  which  is  like  the 
Coccudma  codata  ratiier  than  C.  Cictuia, 
1-812". 

a  (?)  Cimex^Styhmychia  Cifnex(JEhxX 
C.  retictUata. — A  name  provisionally 
applied  to  an  animalcule  found  in  the 
3eme,  having  a  granular  and  reticulated 
surface,  and  huve  styles  at  each  end. 
1-678". 

C.  cryttdfUna  (Perty). — Hyaline,  with 
from  6  to  7  lonff  cost®  on  the  dorsum, 
and  very  short  cilia.  Outline  round.  The 
cost»  are  less  elevated  than  in  C  coriata. 
Wet  moss  and  turf  on  the  Alps>  1-900" 
to  1-eOO". 


OF  THE  GROUP  ROTATORIA  (p.  892). 

(Plates  XXXII.-XL.,  and  part  of  XXY.) 

Those  animalcules  which  are  included  in  the  great  division  Rotatoria  are 
either  destitute  of  a  nervous  system,  or  have  merely  an  isolated  ganglion 
near  the  head,  representing  the  brain,  with  a  few  nervous  threads  proceeding 
from  it  to  the  body.  They  have  no  pulsating  heart,  nor  true  blood-vessels  in 
which  the  blood  circulates.  The  fluid  apparently  representing  the  blood 
occupies  the  cavity  of  the  body  and  bathes  the  external  surfaces  of  the  various 
viscera,  as  in  the  lower  Crustacea.  The  alimentary  canal  is  tubular,  variously 
constricted  at  intervals,  often  divided  into  segments,  each  of  which  appears  to 
perform  special  functions.  One  segment,  near  the  upper  extremity  of  the 
canal,  is  provided  with  a  pair  of  moveable  appendages,  between  which  all  the 
food  swdlowed  has  to  pass,  and  which  may  be  regarded  as  teeth  or  jaws, 
probably  analogous  to  the  gastric  teeth  of  Crustaceans.  In  many  species 
there  are  csBcal  prolongations  of  the  stomach ;  whilst  the  walls  of  the'organ  are 
thick  and  cellular,  having  a  glandular  aspect.  The  alimentary  canal  is,  with 
some  remarkable  exceptions,  furnished  with  an  orifice  at  each  extremity,  or 
mouth  and  anus, — ^the  latter  usually  opening  into  a  cavity  termed  the  cloaca, 
or  common  outlet  for  the  intestine,  the  oviduct,  and  the  (so-called)  water- 
Tascular  canals.  The  interior  of  the  canal  is  variously  supplied  with  cilia, 
which  are  in  constant  motion.  The  csecal  and  cellular  appendages  are  sup- 
posed to  be  glandular ;  but  their  functions,  as  well  as  relations  to  the  liver 
and  other  chylopoetic  organs  of  higher  animals,  are  doubtful. 

The  character  and  instruments  of  the  respiratory  ftmctions  in  the  Rotatoria 
are  alike  doubtful,  but  most  probably  they  are  performed  by  the  water  vas- 
cular canals.  These  are  two  slender  tubes  (XXXVI.  6  tyg)  springing  from 
the  cloaca  near  the  anal  outlet,  and  proceeding  upwards  on  each  side  of  the 
intestine  towards  the  head,  where  they  branch,  and  sometilnes  the  two 
anastomose,  at  others  probably  terminate  in  cuU-de-sac.  These  canals  com- 
mence at  a  pulsating  organ  (XXXYI.  6  v ;  XL.  5),  common  to  both,  and 
connected  with  the  cloaca.  In  various  parts  of  their  course  they  are  frir- 
nished  with  pyriform  appendages  (XXXVI.  6  a)  (tags)  varying  in  number 
from  two  to  eight  on  each  side.  In  the  interior  of  each  tag  is  a  single 
large  dlium,  which  exhibits  an  incessant  motion,  resembling  the  flickering 
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flame  of  a  candle,  and  which  most  probably  promotes  the  oiiciilation  of  the 
water  contained  in  the  canals.  This  water  is  apparently  received  frinn  the 
cloaca  into  the  pulsating  appendage,  and  from  it  transmitted  to  the  varioiis 
parts  of  the  tubular  system, — a  fact  especially  confirmed  by  Cohn's  observa- 
tions on  Braehianus  milUaris.  Hence  these  water-vascular  canals,  with 
their  vibratile  appendages,  appear  designed  to  convey  streams  of  fresh  water 
to  the  interior  of  the  animal,  and  thus,  by  exosmosis,  aerate  the  fluid  filling 
the  body  of  the  animal, — ^the  latter  being  continually  driven  to  and  fro  during 
the  active  muscular  movements  by  whic^  the  creature  alters  its  contour. 

The  Rotatoria  are  provided  with  a  reproductive  apparatus,  the  female 
organs  being  remarkably  large  and  conspicuous  (XXXVI.  4/).  In  the 
majority  of  species  the  latter  is  the  only  portion  that  has  hitherto  been  dis- 
covered ;  but  in  several,  male  organs  have  been  found  on  separate  indivi- 
duals, indicating  the  bisexual  nature  of  the  class — at  least  demonstrating 
the  dioecious  character  of  some  of  the  species,  a  feature  which  will  probably 
be  foimd  to  characterize  the  entire  fEunily.  The  ovary  consists  of  a  very  thin 
bag  of  structureless  membrane  (XXXVI.  4/),  distended  with  clear  fluid  full 
of  granular  molecules,  amongst  which  are  some  cellular  nuclei.  The  latt^ 
successively  attract  aroimd  them  portions  of  the  granular  fluid,  thus  forming 
ova.  In  several  species  two  distinct  Idnds  of  ova  are  produced  by  the  same 
individual,  one  bcong  a  true  generative  product,  the  other  a  modified  ex- 
ample of  gemmiparous  generation,  and  its  growth  independent  of  any  sexual 
process.  The  ovary  communicates  with  the  cloaca  by  means  of  a  narrow  but 
dilatable  oviduct.  In  examples  of  male  animals  that  have  been  discovered, 
there  is  a  remarkable  absence  of  all  viscera,  except  the  organs  of  repixxluctiQn 
(XXXVI.  7,  8).  Whether  all  the  Rotatoria  are  dioecious,  or  whether  some 
are  hermaphrodite,  the  male  organs  having  hitherto  escaped  detection,  re- 
mains to  be  ascertained. 

The  bodies  of  the  Rotatoria,  unlike  those  of  the  Polygastric  Infusoria,  re- 
tain a  determinate  form,  never  developing  external  gemmse,  nor  dividing  by 
spontaneous  division.  Even  on  emerging  from  the  egg,  they  possess  all  the 
essential  featuresof  the  matured  animal(XXXVn.  16),neither  passing  throo^ 
a  larval  state  nor  being  subject  to  metamorphosiB  like  Crustaceans  and  Insects. 
In  the  yoimg  animal  some  of  the  organs,  especially  the  ciliated  disks  and 
other  external  appendages,  are  imperfectly  developed,  but  they  undergo  little 
subsequent  changes  beyond  an  increase  of  size  and  definitiveness.  Some 
organs,  as  the  red  eye-spot,  often  disappear  as  the  animal  progresses  to  ma- 
turity. The  anterior  extremities  of  the  Rotatoria  are  fdmiahed  with  priona 
arrangements  of  the  disks  or  bulbs  supporting  nimierous  cilia  (XXXVI. 
1  a  and  4  a).  These  combine  to  form  the  rotatory  organs,  so  designated  from 
the  wheel-like  aspect  which  they  present  when  frilly  expanded  and  with  Ihe 
cilia  in  motion,  lliough  destitute  of  true  articulated  limbs,  some  species  {e.g.  of 
Melicerta)  have  appendages  not  unlike  the  palpi  of  Crustaceans  and  Insects,  and 
which  are  probably  tactile  (XXXVI.  18 ;  XXXVH.  17  d).  Many  forms  are 
provided  with  a  prolongation  of  the  posterior  part  of  the  body,  which  is  often 
pointed  (XXXVIII.  1),  and  with  the  articulations  slipping  into  one  anotiier 
like  the  joints  of  a  telescope.  This  organ  is  sometimes  furnished  with  a 
terminal  disk  (XXXVII.  17  6),  and  is  used  like  the  tail  of  the  leech,  as  an 
organ  of  attachment.  In  other  cases  the  disk  is  wanting,  and  its  place  sap- 
plied  by  one  or  two  digital  appendages  (XXXVT.  4  A),  employed  as  anchors } 
whilst,  in  swimming,  the  entire  organ  appears  to  become  a  rudder,  regulating 
the  direction  in  which  the  animal  moves. 

The  entire  animal  is  invested  by  a  thin  pellucid  membrane,  which,  from 
its  extreme  tenuity  and  transparency,  readily  allows  the  examination  of  the 
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intemal  (wgans  whilst  the  creature  is  alive  and  the  visoera  Mfilling  their 
fimctioiis, — a  drcamstanoe  that  has  even  made  these  creatures  the  fovourites 
of  the  microscopic  observer. 

Modes  of  OBssBvnie  the  Rotatosia. — ^The  magnifying  powers  most  useftd 
in  the  examination  of  the  Botatoria  are  those  varying  from  200  to  400  linear. 
For  watching  their  general  habits^  an  object-glass  of  a  half-inch  focus, 
whidi  with  an  eye-piece  giving  a  power  of  about  70,  is  ample ;  but  for  ex- 
amining their  internal  organization,  one  of  about  300,  having  an  object-glass 
of  from  one-third  to  one-sixth  of  an  inch,  is  the  most  useful ;  for  tike  special 
examination  of  more  minute  structural  details,  still  higher  powers  are  occa- 
sionally, but  not  frequently,  needed.  We  have  already  remarked  that,  from 
ihs  transparency  oi  their  bodies,  the  Botatoria  can  he  watched  with  much 
ease,  their  intenial  organs  being  distinctly  visible ;  and,  as  these  latter  are 
often  equally  transparent  with  the  general  integument,  their  contents,  and 
tike  functions  they  perform,  can  be  investigated  with  litUe  difficulty.  When 
tibeir  general  habits  are  subjects  of  investigation,  it  is  obvious  they  must  be 
allowed  much  of  the  fr'eedom  enjoyed  in  tikeir  natural  condition.  For  this 
purpose  they  may  be  introduced  into  a  small  phial  of  thin  white  glass  with 
a  kmg  narrow  strip  of  similar  material  in  its  interior ;  the  latter  being  so 
fixed  as  to  be  nearer  one  side  of  the  phial  than  the  other.  A  blade  of  grass 
or  one  or  two  stalks  of  hay  may  now  be  introduced  between  the  strip  of  glass 
and  the  proximate  side  of  the  bottle ;  these  will  attract  the  animalcules  and 
bring  them  within  the  range  of  the  magnifying  power.  K  the  phial  be  now 
filled  with  water  containing  the  Botatoria,  they  wiU  soon  find  their  way  to 
the  vegetable  matter,  espeoally  if  the  bottle  stands  for  awhile  in  the  sun, 
with  ^e  side  to  which  the  plant  is  affixed  turned  to  the  light.  The  whole 
may  now  be  placed  under  the  microscope  and  readily  examined  through  the 
lower  magnifying  powers.  To  some  extent,  the  same  object  may  be  more 
readily  attained  by  merely  transferring  small  fragments  of  the  half-decayed 
vegetation  floating  in  the  water  containing  the  animalcules,  along  with  a 
drop  or  two  of  the  water  itself,  to  a  glass  sHde,  covering  it  over  with  a  piece 
of  thin  microscopic  glass.  But  in  this  case  the  movements  of  the  creatures 
are  less  fr-ee,  especially  if  they  happen  to  be  of  the  larger  kinds,  such  as  the 
Flo8€ularias.  These  are  often  chary  of  emerging  from  their  protecting  cases 
unless  the  coast  be  dear  of  all  impediments.  But  the  freedom  of  motion,  so 
important  to  the  accurate  observation  of  their  habits,  wholly  prevents  the 
examination  of  their  intemal  structure.  Their  perpetual  gyration  renders  it 
impossible  to  trace  either  the  forms  or  relative  position  of  the  viscera ;  con- 
sequently they  must  be  controlled.  This  may  piartly  be  accomplished  by 
introducing  them  between  the  glasses  already  recommended  without  the 
intervention  of  any  vegetable  or  other  foreign  substance.  In  this  case  care 
must  be  taken  to  adjust  the  relations  between  the  size  of  the  thin  glass 
covering  and  that  of  the  drop  of  water.  If  the  former  be  large  and  the  latter 
smaU,  the  chances  are  in  favour  of  the  animalcules  bdjig  crushed.  K  these 
conditions  are  reversed,  their  motions  will  not  be  sufficiently  restrained, 
neither  can  the  water  be  preserved  from  disturbance  and  vibration.  Hence 
care  in  hitting  the  medium  of  these  conditions  is  essential.  The  smaller  the 
drop  of  water  the  thinner  will  be  the  fluid  film  when  the  protecting  glass  is 
placed  upon  it,  and  the  more  effectually  will  the  vagrant  habits  of  the 
creatures  be  controlled.  Sometimes  it  becomes  necessary  to  rupture  the 
animals  by  further  compression,  even  whilst  under  examination.  The  diffi- 
culty is  to  accomplish  this  without  forcing  them  out  of  the  field  of  the  instru- 
ment. It  may  be  accomplished  by  means  of  a  common  sewing  needle  fitted 
into  a  handle,  by  which  pressure  may  be  applied  gently  but  firmly  to  the 
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thin  glass.    But  this  object  can  be  still  better  attained  by  means  of  one  of 
the  compresBoria  proyided  by  opticians :  the  pressure  being  effected  with  a 
fine  screw,  the  movement  can  be  r^;Tilated  with  the  utmost  nicety.    Thos 
the  animal  can  be  merely  fixed  in  its  position,  whilst  its  Tital  fdnctions  pro- 
ceed without  interruption.     On  increasing  the  pressure,  we  obtain  incrrased 
tnmsparency  by  reducing  the  thickness  of  the  animal ;  and  on  canying  the 
motion  still  ftiiliher,  we  can  rupture  the  integument,  when  the  Tisoera  beoome 
detached  and  discharged  through  the  fissure.  Thus  their  minute  organixatiim 
can  be  more  accurately  ascertained  than  when  retained  in  sUh.    In  some 
cases  the  forms  of  the  various  viscera  can  be  readily  ascertained  from  the 
different  hues  which  characterize  them,  but  in  the  majority  of  Rotatoria  this 
guide  fSailB  us.    Consequently  observers  have  Icmg  adopted  a  pkn  of  feeding 
the  animals  with  brightly-coloured  pigments,  such  as  carmine  and  indigo, 
which  many  of  the  creatures  consume  with  avidity :  a  very  small  quantity  of 
the  colour  should  be  rubbed  up  with  a  little  water,  as  if  fer  artistic  purpoees. 
If  the  live-box  be  used  in  examining  the  creatures,  with  the  water  contain- 
ing the  animalcules  a  little  of  this  colour  must  be  mixed  prior  to  the  coTer 
being  placed  upon  them.     But  when  a  common  glass  slide  is  employed,  it 
generally  suffices  to  dip  a  camel's-hair  pencil  into  the  diluted  pigment  and 
apply  it  to  the  edge  of  the  thin  glass.    The  colour  usually  flows  betwe^i  the 
glasses,  and  difirises  itself  through  the  water  sufficiently  to  answer  eveiy 
purpose.    Two  objects  are  now  attained.     The  minute  coloured  partidee  are 
thrown  into  active  motion  by  the  ciliary  movements  of  the  trochal  wreaths, 
beautifully  demonstrating  the  force  and  direction  of  the  aqueous  vortices  set 
up  by  the  animalcule ;  and  by  noting  the  direction  taken  by  such  of  the 
particles  as  are  swallowed,  the  position  of  the  mouth  and  oesophageal  canal 
can  be  traced.    These  particles  usually  accumulate  in  the  stomach,  distend- 
ing its  parietes ;  and  as  the  bright  colour  of  the  pigment  contrasts  strongly 
with  the  transparent  walls  of  the  viscus,  its  size,  form,  and  position,  as  well 
as  the  structure  of  its  walls,  can  be  readily  made  out    By  prolonging  the 
observation,  the  same  agent  enables  us  to  ascertain  the  direction  of  the 
intestine,  anus,  and  cloaca, — since,  when  the  stomach  becomes  inoonvenieotiy 
full,  the  creature  usually  everts  the  cloaca,  brings  the  anal  orifice  into  contact 
with  the  surrounding  fluid,  and  suddenly  empties  the  stomach  or  bowel  of  its 
contents. 

There  are  practical  disadvantages  attending  the  use  of  carmine  and  indigo, 
some  of  which  Mr.  White  appears  to  have  overcome  by  substituting  the  red 
pigment  which  lines  the  cornea  of  the  eye  oi  the  common  house-fly  {Jliierose. 
Joum.  ii.  p.  282).  By  means  of  a  finely-pointed  knife,  or  sharp-edged  needle, 
the  large  cornea  can  easily  be  detached  from  the  head  of  the  insect ;  whilst 
a  small,  stiff  camel-hair,  or  (still  better)  a  small  sable  pencil  suffices  to  wash 
the  pigment  out  of  the  internal  concavity  of  the  detached  cornea. 

It  is  occasionally  desirable  to  examine  the  animalfl  by  reflected  instead  of 
transmitted  light,  in  order  that  their  true  colours  may  be  exhibited,  as 
Mr.  Gosse  has  pointed  out  in  the  instance  of  PhUodina  citrina. 

Localities  foe  Rotatobia.  —  These  are  exceedingly  diversified,  varying 
from  the  wide  ocean  to  the  dried-up  sediment  of  the  water-spout.  Thwe 
are  few  circumstances  under  which  water  exists,  in  which  Rotatoria  may  not 
be  found,  though  they  dislike  it  when  its  contents  are  undeigoing  decom- 
position. Consequentiy,  though  they  occur  in  all  vegetable  infusions,  they 
are  only  to  be  found  when  the  first  stage  of  decomposition  has  passed  away, 
and  they  usually  disappear  again  when  the  water  becomes  putrid  and  offiai- 
sive.  After  the  Monadina,  Paramecia,  and  other  smaller  Infusoria  have  nm 
their  course,  and  in  laige  measure  disappeared,  the  Rotatoria  occupy  thdr 
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plaoes, — a  drcnmstanoe  that  has  led  some  observers  to  suggest  the  probability 
of  some  of  these  lower  forms  being  the  larval  states  of  the  higher  ones — a 
view  now  known  to  be  erroneous. 

Some  species,  especially  the  BoHfer  vulgaris^  are  common  wherever  water 
has  remained  for  a  little  time  withont  distorbanoey  in  cisterns,  depressions 
in  the  gutters  of  houses,  saucers  of  flower-pots,  and  similar  situations.  A 
few  forms  have  been  found  in  the  interiors  of  v^etable  cells.  Thus  BoHfer 
vulgaris  occurs  in  the  leaf-cells  of  Sphagnum,  and  in  the  davate  branches  of 
Vaueheria,  feeding  upon  the  contained  chlorophyll.  Noiammata  parasitiea 
and  N,  pttromyzany  found  within  the  spheres  of  Volvox  globator,  in  like 
manner  consume  the  little  msBBCfi  of  green  protoplasm ;  whilst  Notommata 
Wemeekiiy  like  the  BoHfer,  occurs  in  the  cells  of  Vaueheria. 

They  often  abound  in  the  damp  moss  from  the  neighbourhood  of  bogs^ 
streams,  and  waterfalls.  But,  besides  these  special  situations,  some  of  them 
are  to  be  found  in  almost  every  ditch  and  pond  in  which  Lemns,  Ck>nferv]B. 
and  other  decaying  masses  of  vegetation  abound.  Sometimes  they  play  round 
the  plants  with  incessant  action,  pushing  their  slender  bodies  into  every 
reoesB  in  which  food  may  lurk,  then  backing  out  again  as  cleverly  as  any  <^ 
their  la^;er  aquatic  companions  can  do  with  fin  and  tail, — ^now  anchoring 
themselves  to  some  projecting  point  by  means  of  their  flexible  pseudopodia, 
drawing  in  their  trochal  disks  with  apparent  alarm  if  any  oilier  creature 
brashes  past  their  resting  place  with  unmannerly  rudeness ;  then,  foigetting 
their  feais,  they  again  evolve  their  ciliated  whedb,  loosen  from  their  anchor- 
age, and  launch  away  into  the  clear  stream,  displaying  the  varied  modes  of 
progression  so  characteristic  of  different  species.  But  it  is  only  some  of 
the  forms  which  indulge  these  vagrant  habits.  The  higher  forms,  such  as 
Limnias,  Mdiceria,  Flosculana,  Lacintdaria,  and  Stephanoeeras,  are  quiet 
stay-at-home  matrons,  at  least  after  sowing  the  wild  oats  of  their  youthful 
days.  For  a  short  time  only  after  leaving  tiie  ovum  do  they  roam  wild  and 
friee.  They  soon  settle  down,  attaching  themselves  by  their  false  feet  to  some 
fixed  resting  place,  where  they  spend  the  rest  of  their  lives  in  sober  tran- 
quillity. These  home-birds  must  be  sought  for  amongst  the  stems  and  leaflets 
of  CeraiophyUum,  Chora,  and  the  water  Eanunculus,  more  frequently  occurring 
in  the  clearer  sti^ams  and  ponds  than  do  many  of  their  smaller  allies. 

Unlike  the  Monadina  and  other  lower  Infusoria,  the  Kotatoiia  rarely  occur 
in  sudi  profusion  as  to  colour  the  water.  It  is  occasionally  rendered  turbid 
and  milky  by  Braehionus  Palea,  which,  in  such  cases,  occurs  in  vast  profusion. 
BraehionuB  ureeolarU  and  B.  rubens  sometimes  present  the  same  conditions. 
TyphUna  viridis,  found  by  Ehrenberg  in  Egypt,  coloured  the  water  green. 
iManvlaria  forms  small  transparent  gelatinous  masses.  Limnias  annulattts 
occasionally  studs  the  leaves  of  water-plants  in  such  number  as  visibly  to 
clothe  them  in  russet  brown ;  and  groups  of  Conochilus  Volvox  appear  in 
small  clusters,  adherent  by  the  extremities  of  their  pseudopodia,  Uke  a  group 
of  tadpoles  dipped  in  colourless  jelly,  from  which  they  can  protrude  their 
heads  or  retract  them  at  will ;  but  sociality  does  not  usually  characterize 
the  Botatoria  as  it  does  Euglena  and  similar  fi>rms.  It  is  only  when  the 
parasitic  species  have  taken  possession  of  some  remarkably  favourable 
locality  that  they  so  abound  as  to  affect  the  aspect  of  the  plants  on  which 
they  dwell,  and  thus  force  themselves  on  the  attention  of  the  observer. 
Usually  they  must  be  sought  for  in  a  systematic  way,  without  any  external 
indications  whether  a  pool  will  prove  productive  or  barren.  We  have,  how- 
ever, rarely  been  disappointed  on  examining  the  green  and  foul-looking 
drainage  from  the  manure  heap  in  the  fiarm-yard.  Amidst  its  swarms  of 
Eugleme  we  have  usually  found  a  rich  supply  of  Rotatoria.  The  true  micro- 
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scopist  must  not  be  afraid  of  soiling  his  hands,  or  have  a  weakness  for  kid 
gloves.  Some  few  Botatoria  assume  the  habits  of  Entozoa.  Aiberiia  ver- 
micularis  was  found  by  Dujardin  in  the  abdominal  cavities  of  the  earthworm 
and  in  the  intestine  of  Limacina ;  whilst  AJherHa  cryttaUina  was  discovered 
by  Schultze  in  the  intestine  of  Nais  littoraUs. 

Captubb  of  Rotatobia. — The  modes  of  capturing  the  Botatoria  must  vary 
with  the  species  sought,  as  will  be  evident  from  the  remarks  made  in  the 
preceding  section.     The  simplest  mode  of  obtaining  the  majority  of  the  forma 
is  to  collect  a  quantity  of  ConfervaB,  Lemnae,  or  the  half-decaying  masses  of 
the  different  pond-weeds,  filling  the  vessel  with  water  from  the  pool  in  whidi 
plants  were  growing.     We  have  usually  found  the  shallow  margins  of  the 
pond  most  productive.     On  reaching  home,  the  vegetable  mass  must  be  well 
stirred  up  in  the  water,  in  order  to  detach  the  animalcules  from  the  plants  to 
which  they  cling ;  and,  before  they  have  time  to  re-attach  themselvcB,  the 
water  must  be  poured  off  into  another  vessel,  through  a  piece  of  muslin  or 
very  fine  net.     All  the  coarse  material  is  thus  got  rid  of,  nothing  pasaing 
through  the  strainer  but  water  rendered  turbid  by  fine  particles  c^  half- 
decayed  vegetation  suspended  in  it.     But  along  with  these  vegetable  atoms 
the  Botatoria  will  also  pass  into  the  receiving  vessel,  which  must  be  allowed 
to  stand  for  a  while,  allowing  the  sediment  to  sink  to  the  bottom,  where 
it  will  be  followed  by  the  animalcules  which  find  nutriment  in  the  half- 
decayed  mass.     A  small  portion  of  this  sediment  may  now  be  taken  op  by 
means  of  a  narrow  glass  tube,  one  end  of  which  must  be  introduced  to  the 
bottom  of  the  vessel,  whilst  the  opposite  one  is  closed  by  the  finger  or  thumb. 
On  removing  the  latter,  the  sediment  rushes  up  into  the  tube ;  and  if  the 
upper  end  of  the  tube  be  again  closed  as  before,  tiie  contained  material  can  be 
trajisferred  to  the  live-box  or  the  glass  slide.     If  the  tube  be  held  for  a  few 
moments  in  a  vertical  position,  the  upper  part  being  still  closed  with  the 
finger,  the  vegetable  matter  and  its  accompanying  animalcules  will  sink  to 
the  lowest  part  of  the  water ;  consequently  the  first  drop  escaping  from  the 
lower  end  of  the  tube  will  usually  be  richer  than  those  that  fc^ow.     If  the 
drop  be  received  upon  a  glass  slide,  it  must  be  covered  over  with  a  piece  of 
thin  glass,  when  it  i3  ready  for  the  microscope,  and,  unless  the  pond  has  been 
uncommonly  barren,  the  instrument  will  reveal  a  rich  harvest  of  Algae,  Gon- 
fervse,  Desmidieae,  Diatoms,  and  Polygastrica ;  whilst  amongst  all  Ihese  ^e 
Botatoria  will  be  found  sailing  from  point  to  point,  exploring  all  the  reoesses 
between  the  vegetable  fragments, — ^now  quiescent,  as  if  contemplating  the 
contents  of  the  larder,  then,  as  if  dissatisfied  with  the  prospect,  siuling  away 
to  some  more  promising  pasture.     But  when  a  tempting  nook  pcesents  itself^ 
this  restless  locomotion  ceases,  and  they  attach  themselves  to  some  fixed  point 
either  by  means  of  a  disk-like  foot  or  by  using  its  terminal  joints  as  an  anchor, 
— their  trochal  disks  being  for  the  time  drawn  in,  and  comfortably  lodged  in 
the  anterior  part  of  the  body.   Its  position  being  fairly  secured,  the  animalcnle 
evolves  its  wheels,  at  first  slowly,  but  soon  increasing  their  speed.     A  violent 
commotion  amongst  the  atoms  abounding  in  the  water  soon  indicates  the  pro- 
duction of  a  miniature  whirlpool,  which  brings  a  continuous  stream  of  ec^e 
matter  within  the  reach  of  tiie  hungry  traveller.     But,  though  hungry,  he  is 
a  dainty  gentleman,  and  chooses  to  select  his  fare.     The  bulk  of  what  is 
drawn  towards  him  by  the  vortex  he  has  created,  not  suiting  his  taste,  is 
suffered  to  flow  by,  in  a  continuous  stream,  like  that  left  by  the  rocket  in  its 
flight.     But  everything  is  not  thus  allowed  to  pass :  the  teeth-like  jawB  of 
the  animalcule  are  constantly  playing  against  each  other  with  desperate 
energy,  whilst  sudden  jerks  and  contractions  indicate  that  the  animalcule  has 
made  a  capture  ;  and  though  it  is  not  always  easy  to  see  his  prey  pass  down 
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his  gullet,  the  gradual  expansion  of  his  stomach  proves  that  he  is  not  labour- 
ing in  vain.  The  Monads  find  to  their  cost  that  he  is  a  real  Triton  amongst 
^e  minnows. 

Another  mode  of  captoring  similar  forms  is  by  employing  a  small  net,  of 
Tory  fine  muslin  firmly  fastened  to  a  ferruled  hoop  of  brass  or  iron,  a  few 
inches  in  droumference,  and  capable  of  being  fitted  to  a  walking-stick  or 
fishing-rod.  It  has  been  recommended  that  the  exterior  of  this  hoop  should 
be  grooved,  so  that  nets  of  various  degrees  of  fineness  can  readily  be  employed 
— these  being  attached  merely  by  means  of  an  elastic  ring  of  vulcanized 
indian-rubber,  drawn  over  them  and  fitting  into  the  metallic  groove.  By 
means  of  a  net  of  this  character,  the  central  and  deeper  parts  of  a  pond  can 
be  searched,  as,  if  the  gauze  be  sufficiently  fine,  the  net  will  retain  the  larger 
Botifera,  whilst  the  water  passes  freely  through  it.  After  making  a  succes- 
sion of  sweeps  through  the  pond,  the  net  may  be  everted  into  a  receiver  con- 
taining clear  water,  and  with  a  little  manipulation  the  animalcules  adhering 
to  it  may  be  washed  into  the  vessel.  By  means  of  the  same  net  the  fluid 
may  be  concentrated  until  at  length  the  rich  products  of  an  hour's  fishing 
may  be  carried  home  in  an  ounce  phiaL  But  Ihe  musliu  must  be  very  fine, 
or  the  richest  of  the  game  will  escape.  When  the  large  and  exquisitely 
beaatifnl  Moscularian  Botatoria  are  the  objects  of  search,  a  different  method 
must  be  followed.  It  is  but  occasionally  that  they  can  be  met  with ;  conse- 
quently the  student  must  be  prepared  to  give  time  and  labour  before  he 
succeeds  in  discovering  these  lovely  objects ;  but  they  are  well  worth  the 
price.  As  before  obs^ed,  MeUeerta,  Stephanoceros,  and  similar  forms  are 
found  attached  to  the  slender  stems  and  subdivided  leaves  of  CeratophyU 
luniy  MytiapkyUum,  Banunculus  aquatUis,  the  Chares,  and  similar  plants. 
The  method  of  search  which  we  have  found  the  most  successful  has  been  to 
earry  with  us  to  the  field  a  narrow  phial  of  dear  white  glass  or  a  chemist's 
test-tube,  into  which  portions  of  such  plants  as  a  pond  may  contain  may  be 
introduced  along  with  a  Httle  clean  water.  The  unaided  eye,  when  experi- 
enced, soon  ascertains  the  presence  or  absence  of  the  objects  sought  for ;  but 
the  search  may  be  further  facilitated  by  means  of  a  pocket-lens  of  low 
magnifying  power.  If,  after  selecting  several  fragments  drawn  from  different 
parts  of  a  pond,  these  do  not  reveal  traces  of  some  of  the  Eloscularians,  it  is 
probable  they  do  not  exist  there,  and  we  may  proceed  to  some  new  fishing- 
ground  ;  but  if  an  isolated  individual  be  detected,  every  clump  of  aquatic 
vegetation  in  the  pond  should  be  carefrdly  searched ;  for,  as  is  the  case  with 
Volvox  and  many  other  microscopic  organisms,  there  will  be  found  in  some 
part  of  the  water  a  colony  where  Malthusianism  has  no  place,  and  to  which 
the  isolated  individual  first  found  bears  the  same  relation  as  the  trappers  and 
backwoodsmen  of  the  west  do  to  the  swarming  communities  of  Boston  and 
New  York. 

One  remarkable  circumstance  must  be  borne  in  mind  by  the  animalcule- 
hunter.  If  he  happens  to  remember  a  pond  where  some  rare  spedes 
abounded  last  year,  let  him  not  again  turn  thither  in  search  of  it,  as  the 
chances  will  not  be  in  his  fieivour.  These  creatures  rarely  exist  in  the  same 
water  during  two  successive  years.  The  reasons  for  this  are  not  easily  ascer- 
tainable. The  remark  is  equally  applicable  to  Volvooe  and  the  Desmidieaa. 
The  search  will  be  most  productive  if  prosecuted  on  new  ground.  It  may  be 
remarked  that  the  floscularian  Botatoria  are  usually  discovered  acddentally, 
rather  than  by  predetermined  search.  Bespecting  the  marine  Botatoria  but 
little  is  known.  The  dass  appears  to  have  but  few  representatives  in  salt 
water,  contrasted  with  their  abundance  elsewhere.  Nevertheless  some  may 
pccaaionally  be  observed  whilst  examining  corallines  and  seaweeds  under 
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the  microBcope,  around  which  objects  they  play  aft^  the  fiEbshicm  of  their 
freshwater  allies.  In  the  ocean  we  have  few  or  no  oonnterparts  of  the 
stagnant  pools  found  on  land ;  those  dark  holes  on  rocky  coasts,  the  homes  of 
the  Actiniof  and  the  seaweeds,  which  would  otherwise  repres^it  ponds  and 
ditches,  are  too  constantly  disturbed  by  the  tidal  wave  to  admit  of  the  acoi- 
mulations  of  decaying  vegetation  so  favourable  to  the  existence  of  the  firedi^ 
water  species. 

Classipicatiok. — ^The  exact  place  which  the  Botatoiia  should  occupy  in 
the  zoological  scale  is  as  yet  undetermined,  since  discordant  opinions  are 
entertained  on  the  subject  by  some  of  our  most  emin^it  naturalists,  as  will 
be  seen  by  a  recurrence  to  Part  I.  of  this  work  (p.  392).  The  qnestian  can 
be  decided  only  by  a  careful  study  of  their  development  as  compared  with  that 
of  other  animals.  Most  infeiior  creatures  are  the  permanent  representatrfes 
of  conditions  which  are  merely  transitional  in  the  advance  from  the  ovum  to 
maturity  of  some  higher  form, — ^the  former  beings  obviously  occupying  a  posi- 
tion subordinate  to  the  latter,  inasmuch  as  they  never  advance  beyond  a  state 
which  only  occurs  in  the  higher  animal  in  its  immature  and  imperfect  con- 
dition. The  Myriapod  and  the  Worm,  with  their  strongly-marked  vegetative 
repetitions  of  parts,  obviously  find  a  temporary  representative  in  the  crawhng 
caterpillar,  but  not  in  the  fidly-formed  winged  insect  of  which  the  caterpillar 
is  but  the  rudimentary  larva.  Consequently  the  Worm  and  the  Myiiapod 
must  alike  be  placed  below  the  Insect,  if  we  arrange  animal  forms  in  a  linear 
series  according  to  their  development.  Supposing  this  method  of  asceortaining 
the  true  zoological  position  of  any  class  of  animals  to  be  correct,  1^  question 
naturally  arises,  what  larval  states  of  other  animals  are  most  closely  repie- 
sented  by  the  permanent  forms  of  the  Botifera  ?  It  is  clear  that  the  Uotikok 
have  Little  affinity  with  the  Polygastric  Infusoria ;  for,  though  the  £euiiily  at 
Yorticellina  amongst  the  latter  animals  seems  to  constitute  a  sort  of  inos- 
culating link,  the  affinity  of  the  VartieeTke  to  the  Rotatoria  appears  to  be 
rather  one  of  resemblance  than  of  relationship.  The  history  of  the  VortudUij 
as  worked  out  by  Professor  Stein,  reveals  morphological  changes  wholly  dis- 
similar from  what  occurs  in  the  Rotatoria,  amongst  which  the  em^sting- 
process,  so  characteristic  of  the  VortieellcB,  has  no  place.  This  process  is 
obviously  one  of  the  phenomena  of  development  by  gemmation  whidi  is  most 
prevalent  amongst  the  lower  animal  forms,  and  becomes  less  frequent  as  we 
ascend,  until,  amongst  the  higher  classes,  it  never  occurs.  In  ascertaining  tibe 
relation  of  the  Rotatoria  to  the  VorticelUBj  it  is  necessary  to  inquire  how  fu 
this  reproduction  by  gemmation,  as  distinct  horn  sexual  reproductian,  has 
any  existence  amongst  the  former  animals ;  and  this  is  precisely  the  question 
which  we  are  as  yet  unable  to  answer.  It  has  been  suggested  that,  kA  the 
two  forms  of  eggs  known  to  be  produced  by  some  Rotatoria,  one  group  con- 
sists merely  of  buds  encased  in  a  shell,  whUst  the  others  are  the  true  sexual 
products ;  but  such  eminent  observers  as  Professor  Huxley  and  Br.  Ck^  are 
at  issue  as  to  which  of  the  two  kinds  of  ova  are  to  be  respectively  regarded 
as  true  eggs  or  as  gemmae.  Dr.  Cohn  contends  that  the  bodies  oT&isAy 
regarded  as  eggs  are  merely  gemm»  thrown  off  from  the  organ  bdieved  to 
be  an  ovary,  without  any  fertilization  by  a  male  animal, — thus  acoountxi^ 
for  the  extraordinary  provision  in  which  these  eggs  are  developed,  whilst  so 
many  observers  have  been  baffled  in  their  attempts  to  discover  sp^matosoa 
or  any  male  oi^anization.  The  mode  of  development  which  Profe^r  Huxley 
observed  in  the  ova  of  Liicinularia,  and  Professor  Williamson  in  those  61 
Mdicerta,  are  not  incompatible  with  the  idea  of  their  being  genmue,  and 
the  ovary  a  gemmiferous  stolon.  Supposing  all  this  to  be  true,  we  havv, 
in  the  formation  of  these  shelled  gemmee,  an  analogue  to  the  development  of 
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the  Vortieella-huda  from  the  Aoinetal  condition  of  the  VorticdUx ;  but  the 
enejrsting  of  the  entire  body  of  the  latter  animal,  and  especially  its  resolution 
into  a  multitude  of  gemmuleSy  finds  no  parallel  amongst  the  Eotifera ;  hence 
we  cannot  regard  the  two  classes  of  animals  as  having  any  dose  affinity  to 
one  another. 

Professor  Owen  removes  the  Kotatoria  from  the  Cuvierian  group  of  Badiata 
and  places  them  amongst  the  Articulata,  in  dose  alliance  wiUi  the  Crustacea. 
This  idea  is  a  plausible  one,  and  has  several  supporters.  But  here  we  are 
met  by  the  fact  that  all  the  Crustacea,  not  excluding  the  Cirripeds  and  the 
Entomostraca,  pass  through  a  larval  condition,  resembling  which,  notwith- 
standing the  assertion  of  Leydig,  nothing  has  hitherto  been  observed  amongst 
the  Botatoria ;  whilst  the  latter  cannot  be  regarded  as  having  any  resemblance 
to  the  larval  conditions  of  these  higher  Crustaceans  in  any  stage  of  their 
history.  Professor  Huxley's  suggestion,  that  they  are  the  permanent  repre- 
'  sentatives  of  the  larval  forms  of  his  group  of  Annuloida  (including  the  £chi- 
noidea,  Annelida,  Trematoda,  and  Nematoidea),  appears  to  have  many  facts 
in  its  favour,  since  it  connects  them  with  the  articulate  division  of  animals 
without  raising  them  to  the  level  of  true  Crustaceans.  Burmeister  and  Leydig 
hold  similar  views  to  those  of  Owen  respecting  the  close  rdation  existing 
between  the  Botatoria  and  the  Crustacea.  Leydig  dweUs  especially  upon 
their  external  figure,  the  frequently  hardened  lorica,  the  existence  in  their 
bodies  of  striped  muscular  fibre,  their  nervous  system,  the  anatomical  and 
physiological  phenomena  of  their  sexual  life,  and,  lastly,  the  supposed  fact 
that  the  young,  at  its  Uberation  from  the  ovum,  has  not  the  form  of  the 
adult  animal,  and  consequently  must  undergo  a  metamorphosis.  These  argu- 
ments, when  examined  dosely,  afford  feeble  support  to  Leydig's  opinion. 
External  form  is  an  unsafe  criterion  of  zoological  position.  Were  it  trust- 
worthy, it  would  bring  the  Botatoria  nearer  to  the  cOio-brachiate  polypes 
than  to  the  Crustacea.  The  hardened  lorica  i3  nothing  more  than  a  modified 
ezo-akeleton,  which  is  as  Mly  developed  in  the  £chinoderms  as  in  the 
Gmstaceans ;  whilst  in  the  majority  of  the  Lemeadse  (the  section  of  Crus- 
taceans to  which  Botatoria  bear  the  closest  affinity)  this  hardened  integument 
is  wanting.  The  existence  of  striped  muscular  fibre  proves  nothing,  since 
Mr.  Busk  long  ago  discovered  this  structure  in  some  of  the  Acalephae.  The 
nervous  system  of  the  Botatoria  is  as  yet  so  imperfectly  understood  that  Httle 
reliance  can  at  present  be  placed  upon  our  knowledge  of  it ;  besides  which,  as 
Professor  Huxley  has  pointed  out,  a  similar  condition  to  that  of  the  supposed 
nervous  system  of  Botatoria  exists  in  Turbellaria ;  and,  lastly,  the  pheno- 
mena of  sexual  life  amongst  the  Botatoria  are  as  Uttle  understood  as  is  their 
nervous  system.  The  few  instances  in  which  male  animals  have  been  found, 
present  some  resemblance  to  the  phenomena  seen  amongst  the  LemeadsB ; 
Imt  the  subject  is  equally  involved  in  obscurity  in  each  of  the  two  classes  of 
creatures,  whilst  Leydig's  assertion,  that  the  young  Botifera  undergo  meta- 
morphosis, appears  entbely  erroneous.  The  only  facts  positivdy  determined 
indicate  that  nothing  of  the  kind  takes  places  amongst  them,  whilst  all  the 
Crustaceans,  induding  the  LemeadsB,  undeigo  repeated  moults  before  reaching 
maturity. 

We  forbear  enlarging  on  this  question  of  the  zoological  position  of  the 
Rotatoria,  as  it  has  already  been  discussed  in  much  deteol  in  the  first  part  of 
this  work  (p.  468  et  seq,). 

The  most  philosophical  mode  of  subdividing  the  Botatoria  into  families 

is   almost  as  undetermined  as  their  zoological  affinities.    Ehrenberg,  who 

led   the    way  in   this  work  of  classification,  based   his   primary  groups 

upon  the  number  of  divisions  and  form  of  the  ciliated  trochal  wreath,  sub- 
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dividing  each  division  according  as  the  animals  composing  it  wete  l<uicated 
or  illoricated. 

The  following  table  represents  his  classification : — 

Margin  of  ciliated  wreath  I  ^^'^^^      '   ^<^J^^ 
entire  (Holotrooha)    ...ji^ricated (Ecirtina. 

Marapb  of  ciliated  wreath  f  lUorioated  ...   M^aloteochaa. 
lobed  or  notched  (Schi-  i 
zotrocha) I  Loricated l^oecolaruBa. 


With  a  simple  continuous 
wreath  of  dlia  (Mono-  - 
trocha) 


With  a  compound  or  di- 
vided wreath  of  cilia 
(Sorotrocha)    


otrocha) . 

(  With  the  ciliated  wreath  [  Illoricated  ...   HydatinsBa. 
divided     into     several  < 
series (Polytrooha) [Loricated Enrhlanidota. 


With  the  ciliated  wreath  f  Illoricated  ...   PhilodinBca. 
divided  into  two  series  <| 
(Zygotrodiia)  [Loricated Braduooaa. 


N.B.  This  classification  is  given  more  at  length  at  p.  478. 

Siebold  adopts  the  classification  of  Ehrenberg  for  the  Rotatoria,  Ofmitting  a 
few  genera.  Bujardin,  on  the  contrary,  r^ards  the  pnndplee  employed  by 
the  great  Prussian  microscopist  in  framing  his  division  of  these  animalw  as 
faulty  and  uncertain ;  consequently  he  puts  forth  a  classification  of  his  own, 
substituting  the  name  of  Systolidee  for  the  better  known  one  of  Botatuia. 
He  admits  four  primary  divisions  of  the  class,  viz. — 

1.  Those  Eotatoria  which  live  fixed  to  some  foreign  body  by  their  posterior 
extremity. 

2.  Those  which  employ  but  one  means  of  locomotion,  using  their  vibratile 
cUia  as  instruments,  and  being  always  swimmers. 

3.  Those  which  exhibit  two  modes  of  progression,  vis.  swimming  and 
crawling,  after  the  manner  of  leeches. 

4.  Those  which  creep  by  uncini,  and  are  destitute  of  vibratile  ciliB. 

The  first  of  these  groups  includes  only  his  Flosculariens  and  MeHoertia^ 
The  second  contains  by  far  the  largest  number,  and  is  subdivided  into  two 
secondary  groups,  in  one  of  which  the  animals  have  an  int^ument  wholly 
flexible,  whilst  in  the  other  they  have  some  part  of  it  solid,  constituting  i 
lorica  or  shield.  The  third  section  contains  only  his  famUy  of  B.otifoa, 
closely  corresponding  with  Ehrenbeig's  family  of  Philodinsea ;  whilst  tiie  last 
comprehends  the  Tardigrada.  These  curious  animals  are  now  known  to  have 
no  affinity  with  the  Rotatoria,  but  belong  to  the  Arachnida,  or  dass  of  sindefs. 
Indeed,  at  the  time  of  publishing  his  book,  Dujardin  expressed  doubts  as  to 
the  propriety  of  uniting  them  with  the  Rotatoria. 

Leydig  proposes  a  new  classification  of  the  Rotatoria,  or  as  he  terms  them, 
in  accordance  with  his  views  respecting  their  nature,  OiUo-^cnutaeeay  whkk 
he  arranges  "  according  to  their  forms — ^whether  they  are  cylindrioo-ecaiieal, 
sacciform,  or  compressed,  together  with  which,  as  further  charact^Sy  tlie 
condition,  presence,  or  absence  of  the  foot  may  be  employed." 

He  adopts  three  primary  divisions : — 

A.  Figure  between  clavate  and  cylindrical. 

B.  „       sacciform. 

C.  „       compressed. 
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These  he  again  sabdivides  as  follows : — 

1.  With  elongated,  transversely-ringed,  attached  foot. 

2.  With  elongated,  jointed  foot,  retractile,  like  a  telescope. 

3.  With  elongated,  jointed,  non-retractile  foot. 
A.-^  4.  With  short  foot  and  long  pedal  forceps. 

5.  With  short  foot  and  pedal  forceps  which  are  of  equal  length  with,  or 

somewhat  shorter  or  longer  than  the  foot. 
^6.  Without  foot. 

Foot  short. 
Foot  absent. 


B. 


I: 


Depressed  from  above  downwards  |  ^   Fo^^bse^! 
Laterally  compressed. 


It  will  be  seen  that  the  classifications  of  Ehrenberg,  Dujardin,  and  Leydig 
agree  in  one  feature :  they  are  more  or  less  artificial,  being  based  upon 
peculiarities  of  external  form  and  habit  rather  than  upon  internal  organiza- 
tion. The  subdivision  of  the  trochal  wreath  varies  in  its  extent  with  the 
age  of  the  animal,  the  depth  of  its  sulci  increasing  with  the  approach  of 
maturity ;  consequently  the  defectiveness  of  Ehrenberg's  system  becomes  at 
once  obvious.  No  sudi  changes  as  we  have  just  referred  to  affect  the  internal 
viscera,  except  in  a  minute  degree;  consequently  the  latter  alone,  when 
thoroughly  understood,  can  ftirmsh  the  true  materials  for  a  philosophical 
classification.  But  uiibrtunately  we  do  not  as  yet  possess  such  a  number  of 
accurate  observations  as  admit  of  our  arranging  the  various  species  on  this 
higher  basis.  For  example,  the  Kotatoria  are  either  monoecious  or  dioecious : 
a  few  have  been  demonstrated  to  belong  to  the  latter  class ;  but  of  the  vast 
majority  we  are  unable  to  say  which  of  these  two  features  characterizes 
them.  The  belief  in  their  monoecious  nature  has  until  recently  been  general ; 
bat  the  possibility  of  their  being  all  dioecious  now  suggests  itself.  Should 
future  observations  establish  the  fact  of  some  Botatona  being  monoecious 
and  others  dioecious,  the  distinction  will  be  one  of  paramount  importance 
as  a  basis  of  classification.  But  of  the  internal  organization  of  the  vast 
majority  of  these  animals  we  unfortunately  know  little  or  nothing.  A 
very  small  number  even  of  the  higher  forms  have  been  submitted  to  rigid 
and  accurate  scrutiny;  consequently  the  want  of  material  for  a  natural 
classification,  based  on  anatomical  and  physiological  data,  compels  us  to  fall 
back  upon  such  as  are  artificial.  (See  Part  I.  p.  477  for  additional  femariui 
on  clac»ification.) 

The  relative  value  of  the  three  S3rstems  of  Ehrenberg,  Dujardin,  and  Leydig 
will  be  a  disputed  question.  Where  the  purpose  to  be  accomplished  is  merely 
tiie  provision  of  an  index  (and  artificial  systems  can  be  little  more),  the  clas- 
sification in  which  the  distinctions  are  most  readily  recognized  will  best  fulfil 
its  purpose.  On  these  grounds  we  think  there  is  little  room  for  choice  be- 
tween those  of  Ehrenberg  and  Dujardin.  The  two  primary  sections  of  the 
^reat  Prussian  naturalist  are  easily  recognized,  his  four  principal  subdivisions 
almost  equally  so ;  and  the  ultimate  division  of  each  group  into  a  loricated 
and  an  Uloricated  series  not  only  facilitates  the  investigations  of  the  young 
student,  but  is  an  element  in  Dujardin's  system,  who,  by  adopting  it,  re- 
cognizes its  value.  At  first  sight  Leydig's  dasiEdficalion  would  appear  to 
approach  nearer  to  a  natural  system  than  either  of  the  others  enumerated ; 
but  dose  examination  does  not  confirm  this  impression,  since,  in  order  to 
arrange  the  objects  in  their  rei^pective  groups,  such  genera  as  Diglena,  Fur^ 
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eularia,  and  Notommata  have  required  to  be  subdivided,  part  hemg  thrown 
into  one  subdivision  and  part  into  another.  Objects  which  present  such  cloee 
resemblance  as  to  be  capable  of  arrangement  in  one  generic  group  can  scarcely 
be  so  diverse  as  to  justify  their  separation  into  different  families.  The  de- 
tachment of  the  fifth  section  from  die  fourth,  merely  because  its  individuals 
are  ftimished  with  short  pedal  forceps,  would  furnish  a  precedent  for  dasfli- 
fying  birds  and  quadrupeds  according  as  they  have  long  tails  or  short  <Hie8. 
These  reasons  have  led  us  to  retain  the  clarification  of  Ehrenberg  for  the 
present,  since  the  advantages  afPorded  by  the  two  newer  systems  do  not  seem 
sufficiently  great  to  justify  our  abandoning  the  general  plan  followed  in  the 
previous  editions  of  this  work.  At  the  same  time  we  are  fhlly  alive  to  its 
imperfections,  both  in  its  principles  and  details.  Leydig's  objection  to  Ehren- 
bej^s  employment  of  the  term  lorica  is  a  substantial  one,  since  it  is  stretdiing 
the  term  beyond  what  is  admissible,  to  apply  it  to  the  delicate  investing 
membranes  of  Flosctdaria  and  StephanoeeroSj  or  to  the  gelatinous  envelope  (^ 
Conoehilu8.  Consequently,  though  fcnr  reasons  already  advanced  we  retain 
the  subdivisions  of  ^e  Pruissian  microsoopist,  we  extend  his  definitions  of  his 
third  series  of  groups :  instead  of  defining  tiiem  as''  hricaied/'  and  ''illoricated/* 
we  would  describe  them  as  "loricated,  or  usually  provided  with  a  hard 
investing  layer,"  and  **  illoricated,  or  unprovided  with  a  hardened  investing 
layer." 

Leydig's  objection,  that  such  animals  as  Ehrenbeig  indicates  by  the  terms 
Polytrocha  and  Zygotrocha  have  no  existence,  is  ill  founded.  There  is  no 
question  that  the  ciliated  lobes  of  the  head  are  divisible  and  distinct  in  a 
laige  number  of  species ;  and  being  so,  they  become  as  good  characteristics  of 
families  as  do  Leydig's  long  or  short  pincers  to  the  foot. 


FAMILY  I.— ICHTHYDINA. 

Rotatoria  with  a  single  continuous  rotary  oigan,  not  cat  or  lobed  at  tiie 
margin ;  destitute  of  lorica  or  indurated  integument.  In  Ptygwra  and  GU- 
nophora  the  wheel-like  organ  is  in  the  form  of  a  circle,  and  is  an  instrument 
of  locomotion.  In  the  other  genera  it  is  long  elliptical,  and  on  the  ventral 
surfjAoe.  Cfhastonotus  and  Ichihydium  have  each  a  forked  foot-like  process, 
and  the  rest  of  the  genera  a  simple  one.  A  long  simple  alimentaiy  canal, 
with  a  long  oesophagus,  apparently  without  teeth,  occurs  in  ChatOfuOiU  and 
Ichihydium,  Gl^nophora  has  a  short  oesophagus,  with  two  single  teeth ;  and 
Ptygura  an  elongated  stomach  and  three  teeth.  Glands  are  se^i  only  in 
ChoBUmotus  and  Ptygura.  No  caeca  exist  in  any  of  the  genera.  The  male 
reproductive  organs,  not  hitherto  discovered ;  those  of  the  female  consist,  in 
Ptygura  and  Ichihydium,  of  a  large  ovarium  containing  one  or  more  developed 
ova.  The  two  red  eyes  seen  in  Gflenophora  are  supposed  by  some  to  indicate 
the  existence  of  a  nervous  system  as  yet  undiscovered. 

Ehrenberg's  classification  of  this  family  will  be  found  in  p.  478  of  the 
General  History.  It  is  probably  the  weakest  which  Ehrenberg  has  esta- 
blished, being  admitted  neither  by  Bujardin  nor  Leydig.  Dujard^  does  not 
recognize  the  genus  Olen/ophoray  neither  does  Siebold,  whilst  Leydig  rejects 
both  it  and  Ptygura,  regarding  them  as  immature  forms  of  some  other 
species.  Ptygura  espeoicdly,  the  latter  writer  suggests,  may  be  the  young 
Melieerta  ringens;  but  this  idea  Professor  WiUiamson's  observations  have 
8hown  to  be  erroneous ;  consequently  the  genus  must  be  retained  until  its 
immature  condition  is  better  established  than  at  present.  Dujardin  com- 
prehends Ptygvra  in  his  fiimily  of  Melioertiens,  whSst  he  rejects  IthihydtHm 
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and  Cfuetonotui  from  amongst  the  Rotatoria,  believing  them  to  be  Polygastrio 
Infdfloriay — a  conclusion  with  which  we  are  strongly  disposed  to  agree. 

Genus  PTYGURA. — ^Eyes  and  hair  absent ;  foot  simple,  truncated,  cylin- 
drical. Body  campanulate,  oblong.  Eotary  organ  simple,  and  nearly  circular. 
Numerous  tooth-like  bodies,  adhering  to  the  bulb  of  the  oesophagus,  two 
glands,  a  small  narrow  oesophagus,  an  elongated  stomach,  and  a  su^lobular 
rectum  constitute  the  apparatus  of  nutrition.  An  ovarium  and  a  contractile 
vesicle  have  been  observeid,  but  no  visual  organs. 

This  genus  is  comprehended  in  the  &mily  Melicertiens  of  Dujardin,  along 
with  Ladntdariaj  Tubicolaria,  and  MeUcerta,  and  is  made  to  include  the 
species  distributed  by  Ehrenberg  in  the  several  genera  Ptygwra,  (Ecistes,  and 
Conoehilus ;  for  Dujardin  states  that  the  individuals  of  these  three  genera 
present  no  farther  difference  than  is  seen  in  the  gelatinous  envelope,  which 
surrounds  the  two  last,  forming  in  (Ecistes  a  distinct  tube  for  each  individual, 
whilst  it  includes  the  individuals  of  Conoehilus  in  a  common  globular  mass, 
and  is  absent  in  Ptygura.  The  same  author  would  name  (Ecistes  erystallinut 
"  Ptygura  orystaUina,^*  and  the  Volvox  conochila  "  Ptygura  YolvoxP 

Ptyouba  MeUcerta,  —  Transparent ; 
body  cylindrical,  club-shaped,  tuigid  an- 
teriorly, with  two  Uttle  curved  horns  at 
the  mouth,  and  a  single  short  tube  at 
the  neck  (?).  The  tail-like  foot  alwavs 
remains  tnuisversely  folded  (wrinkled), 
as  seen  in  xxv.  do4,  wMch  represents 


the  under  side.  When  swimming,  a  ring- 
like  simple  vibiatile  organ  is  thrust  out, 
with  a  lateral  notch.  The  two  jaw-like 
parts  of  the  oesophageal  bulb  have  nu- 
merous teeth,  as  represented  at  xxv.  855. 
1-140". 


Genus  DASYDYTES  (Gosse).— Eyes  absent ;  body  furnished  with  bristle- 
Hke  hairs ;  tidl  simple,  truncate. 

This  genus,  according  to  Ehrenberg's  description  of  Ichthydina,  must  follow 
after  Ptygura. 


Dasydytes  ffomothnx, — Hairs  long, 
each  hair  bent  with  an  abrupt  an«^le; 
neck  constricted.  1-146".  Foimd  at 
Leamington. 

D.  antenmger, — Hair  short,  downy ;  a 


pencil  of  long  hairs  at  each  angle  of  the 
posterior  extremity  of  the  body;  head 
nirmshed  with  two  club-shaped  organs 
resembling  antenne.     1-170' . 


Genus  ICHTHYBIUM.— TaQ  cleft  or  forked,  foot-like ;  no  eyes  or  hair ; 
currents  at  the  mouth  and  along  the  ventral  side  indicate  the  existence  of  a 
vibratile  organ,  which  not  only  serves  for  swimming  but  likewise  for  creeping. 
A  long  oesophagos,  a  thick  simple  conical  alimentary  canal,  and  sometimes  a 
laige  single  ovum,  comprise  our  knowledge  of  their  organization.  It  is  pro- 
bable that  a  cylinder  of  little  wand-Uke  teeth  exists  (see  Part  I.  p.  380). 


IcHTHYDiUM  Podwa  (  Cercarta  Podura, 
M.).  —  Straight,  oblong,  often  slightly 
constricted  anteriorly,  where  it  is  turgid, 
and  sometimes  three-lobed.  It  is  colour- 
less or  whitish,  but  during  repletion 
sometimes  appears  yellowish ;  the  ven- 
tral 8ur£Eu;e  is  flat  and  ciliated,  the  dorsal 


arched  and  smooth.  The  large  dark 
ovarium  has  been  seen  by  Ehrenberg. 
It  seldom  swims,  but  mostly  creeps. 
XXV.  356  exhibits  a  full-grown  animal- 
cule (ventral  side).  Among  Conferv» 
and  Oscillatoriee.    1-440"  to  1-140". 


Genus  CHuETONOTUS.— Dorsal  surface  covered  with  hairs ;  tail  forked ; 
eyes  absent.  Locomotion  is  performed  by  means  of  a  double  row  of  cilia  upon 
the  ventral  surface,  forming  a  band-like  rotary  organ.  The  nutritive  organs 
consist  of  a  tubular  mouth,  probably  provided  with  a  cylinder  of  teeth,  a  long 
thin  oesophagus,  and  a  long  conical  stomach  (irachelogastricum),  upon  whose 
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upper  thick  end  (in  the  laige  spedee)  two  semiglobnlar  gLands  are  seen ;  at 
certain  periods  from  one  to  three  large  ova  are  formed  posteriorly,  but  ^e 
ovarium  in  which  they  are  developed  has  not  been  directly  observed ;  male 
reproductive  organs  unknown.  They  are  sluggish  in  their  movements,  except 
in  creeping ;  they  rarely  swim.    (See  Part  I.  p.  380  et  seq.) 


Ohjbtonotus  maximuB  (xxxi.  29, 80). 
— ^Elongated^  sliffbtly  constricted  ante- 
riorly, turgid  and  obtusely  thiee-lobed ; 
hairs  upon  the  back  short  and  eaual. 
From  his  latest  observations,  Ehrenoerg 
states  the  mouth  to  possess  teeth,  of 
which  he  has  counted  more  than  eight; 
he  once  saw  the  exclusion  of  ova  imme- 
diately over  the  foot-like  tail  It  creeps 
but  slowly.  1-216"  to  1-120".  (See 
p.  8810 

C.  Laru8  (lyichoda  AcaruSf  Anas  et 
LanUf  M.). -^Elongated,  slightly  con- 
stricted anteriorly,  where  it  is  turgid  and 
obtusely  triangular;  the  posterior  hair 
on  the  dorsal  surface  is  longest   Ehren- 

As  before  stated,  Dujardin  places  this  genus,  together  with  Ichthydnan^ 
among  the  Infusoria  (Polygastrica,  Ehr,)y  but  in  a  subclass  of  them,  called 
symmetrical,  along  with  Coleps  and  a  doubtful  genus  named  Planariola, 
These  genera  are  distinguished  by  him  from  all  other  Infusoria  in  haviog  a 
symmetrical  figure. 

One  species  of  Ohastonotus  described  by  Dujardin  is  probably  new,  althongh 
it  may  be,  as  he  remarks,  but  the  G.  maximus  of  Ehrenberg. 

The  following  are  its  characters : — 


berg  has  seen  only  cme  larce  ovum ;  he 
states  that  the  bodies  of  those  bearing 
ova  were  thick  posteriorly,  though,  under 
other  circumstances,  the  head  is  broadest. 
It  appears  to  have  eight  teeth.  The  dor- 
sal nairs,  which  are  arranged  in  longi- 
tudinal rows,  destroy  the  transpai^icy 
of  the  body.  xxv.  867  is  a  dorsal,  and 
358  a  side  view.  Ova  one-third  the 
leng^  of  the  body.    In  muddy  water. 

C.  brevis. — Ovato-oblong,  slightly  con- 
stricted near  the  tur^g^d  front;  dorsal 
hairs  few,  the  posterior  longest;  ova 
small.    1-840". 


C.  squamatus, — Elongate,  narrowed  at 
its  anterior  third,  but  expanded  in  its 
posterior  half.  1-130"  to  1-136".  Co- 
vered with  short  hairs,  which  are  dilated 


in  a  scale-like  form  toward  Hie  base,  and 
regularly  imbricated.  In  long-kept  sea- 
water  brought  from  Toulouse. 


Genus  SACCULUS  (Qtoaae)  (XL.  17, 18).— One  eye,  frontal;  body  desti- 
tute of  hair,  and  without  a  foot ;  rotary  oigan  a  simple  wreath ;  alimentary 
canal  veiy  large ;  jaws  set  far  forward,  apparently  consisting  of  two  delicate 
unequal  mallei  and  a  slender  incus ;  very  evanescent ;  eggs  attached  behind 
after  deposition. 

This  genus  comes  nearest  to  Qlenophora,  but,  unlike  the  latter,  has  but 
one  eye.     Forty's  genus  Ascomorpha  appears  identical  with  Saeadus. 

^funilv,  according;  to  Ehr6nberg*s  system ; 
but  the  mode  of  carrying  its  e^^^  indi- 
cates an  affinity  with  tne 


Sacgulus  rtrulw. — ^Pear-shaped:  flat- 
tened ventrally,  the  anterior  ena  the 
narrower:  head  conical-pointed,  sur- 
rounded by  a  wreatJi  of  long  cilia;  di- 
gestive canal  occupying  nearly  the  whole 
body,  and  always  nlled  with  a  substance 
of  a  rich  green  hue  in  masses.  1-160". 
This  curious  animal,  foimd  in  consider^ 
able  number  in  a  little  pool  on  Hamp- 
stead  Heath,  must  be  placed  in  this 

Genus  GLENOPHORA  (XXV.  369).— Eyes  two,  placed  anteriorly ;  rotaiy 
organ  frontal,  circular ;  tail  bifid,  truncated.  The  alimentaiy  canal  is  shorty 
thick,  and  conical ;  it  sometimes  contains  green  matter.  The  two  protruding 
forceps-like  bodies  in  the  middle  of  the  rotary  organ  may,  says  Khr^ibeig, 


The  Ascomorpha  gemanica  of  Leydig  is 
identical  with  the  above  species. 

Mr.  Gk>sse  has  ascertained  that  this 
species  is  dioecious,  xi^  17  represents 
a  newly-born  male,  and  18  a  female  witii 
ova  attached. 
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be  considered  teeth ;  glands  are  indicated  by  knot-like  turbid  bodies.  The 
eyee  are  diarply  drcomsoribed^  and  situated  at  the  frontal  r^on.  Bujardin 
and  Leydig  belieye  this  genus  to  be  based  on  young  animals,  and  as  such 
nnsatiafactoiy. 


GuENOPHORA  ly-ocKus,  — Ovato-coni- 
eal,  truncated  and  turgid  anteriorly,  at- 
tenuated posteriorly,  with  a  £alBe  foot 


genera  3£<molabis  and  Microcodon  haye 
similar  forms,  (xxv.  359,  860  represent 
two  animalcules,  the  latter  havrng  the 


the  eyes  are  blackish.   It  swims  quickly,  j  stomach  filled  with  a  green  substance.) 
like  a  Triehoda  or  free  VorticeUa.    The  :  1-570". 


FAMILY  n.— CECI8TINA. 

Botatoiia  with  a  single  rotary  organ,  entire  at  the  mai^,  and  an  ex- 
ternal gelatinous  enyelope.  This  family  contains  only  two  genera,  which 
possees  a  more  deyeloped  internal  organization  than  any  hitherto  described. 
They  are  further  proyided,  according  to  Ehrenberg,  with  loeomotiye  organs, 
internal  muscular  bands,  a  tail- like  foot  without  terminal  pincers ;  nutritiye 
organs,  among  which  is  a  crushing  apparatus  consisting  of  teeth  in  rows ; 
two  pancreatic  glands,  and  red  yisual  or  eye-spots.  In  Conodhilus  alone  he 
thinks  he  obserred  ganglia  with  neryous  fibnlhe,  male  organs,  yessels^  and 
two  fiHform  tremulous  organs  or  gills. 

This  description  is  of  course  modified  by  the  yiews  Ehrenberg  entertains 
respecting  the  yarious  organs  contained  in  the  bodies  of  these  animals.  We 
haye  no  eyidence  that  the  glands  are  pancreatic ;  the  "  male  organs "  are 
the  water-yascular  canals  of  other  writers,  of  which  the  tremulous  organs  or 
gills  are  external  appendages ;  the  "  yessels  "  are  muscular  bands ;  and  the 
nenrous  fibrillsB  and  ganglia  haye  a  more  than  doubtftd  existence. 


Estenial  oivetope 


r  Special  for  each  animalcule  GScistes. 

[  Compound,  or  common  to  many  animalculee Conoohiluf. 


Both  the  (Edstes  and  CanockUta  are  included  by  Leydig  in  his  first  diyision 
of  Botatorial  animals. 

Genus  (ECISTES  (XXV.  361-364). — Characterized  by  each  animalcule 
baying  a  s^mrate  lorica.  The  two  eyes,  situated  anteriorly,  become  efi&iced 
as  age  adyances.  Ciliary  wreath  simple  and  frontal ;  the  long  tail-like  foot 
has  internal  longitudinal  muscles.  Alimentary  canal  simple,  tubular,  con- 
tracted ;  stomach  elongated ;  teeth  attached  in  rows  to  two  jaws  situated  in 
the  pharyngeal  bulb,  and  two  glands,  compose  the  apparatnuB  of  nutrition. 
The  yisual  organs  are  red  when  the  animalcule  is  young,  and  colourless  in 
old  age.  The  oyarium  has  only  a  single  oyum.  The  enyelope  is  a  yisdd, 
gelatinous,  cylindrical  sheath  (urceolus),  into  which  the  animalcule  can 
entirely  withdraw  itself,  or  whidi  it  may  quit  when  a  new  one  is  desirable. 
The  attachment  to  the  bottom  of  the  lorica  is  by  the  under  sur&ce  of  the  end 
of  the  foot-like  taU. 

(EciSTBS  cryMtdOirma.  —  Lorica  hja-  and  on  giving  the  egg  a  gentle  pressure 

line,  viscid,  floccose :  body  crystallme.  it   burst,  and  the  free   young   animal 

The  structure  it  is  difficult  to  see.  Each  came  forth  (xxv.  361,  a  full-grown  ani- 

jaw  has  three  distinct  teeth.    The  de-  malcule  in  the  act  of  unfolding  itself; 

velopment  of  the  young  from  the  e^  362,  another  with  its  rotary  organ  ex- 

is  interestmg  to    observe  :  Ehrenberg  panded).    Their  sheaths  are  mcrusted, 

■air  within  the  sheU  two  dark  points  and  within  may  be  seen  a  number  of 

(eyes)  near  the  already  developed  jaws ;  eggs  (363,  864  represent  them  attached 
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to  the  pectmated  leaves  of  the  water-  |  Docket  magnifier).    Lenfftli,  with  tail, 
Tiolety  as  they  appear  under  a  shallow  |  1-^" ;  without,  1-140" ;  lorica  1-70". 

Genus  CONOCHILUS  (XXV.  366-370).— Animalcules  social,  having  con- 
glomerate and  contiguous  envelopes ;  each  has  two  pennanent  eyes.  Only 
one  species  is  known;  its  description,  therefore,  will  include  thai  of  the 
genus. 


CoNOCHiLus  Fofoor. — ^The  compound 
masses  white ;  envelope  gelatinous,  hya- 
line, consLsting  of  firom  ten  to  forty  uii- 
malcules  united  so  as  to  form  a  sphere, 
which  revolves  in  swimming,  like  the 
Volvox,  The  frontal  region  a£  the  ani- 
malcule is  hroad,  truncated,^  and  sur- 
rounded with  a  wreath  of  cilia,  inter- 
rupted at  the  mouth,  which  is  lateral. 
On  the  frontal  plane  arise  four  thick 
conical  papillsB,  (nten  furnished  with  an 
articulatea  hristle,  especially  the  two 
anterior,  as  seen  in  xxv.  365,  366,  and 
368.  The  cesophaffus  is  short  and  nar- 
row ;  its  head,  or  bulh,  has  iaws^  with 
teeth  and  four  muscles;  it  fiee  mmie- 
diately  within  the  mouth.  The  stomach 
and  rectum  are  ovaL  Two  spherical 
glands  are  observed  near  the  oesophagus, 
and  posteriorly  an  ovarium,  often  con- 
taining a  large  ovum,  which  is  expelled 
near  the  base  of  the  tail.  The  ovate  or 
shortly-cylindrical  body  terminates  in  a 
long,  thin,  and  strong  cylindrical  foot- 
like tail,  the  end  havmg  a  suction-disc. 
The  gelatinous  envelope  is  only  percep- 
tible in  coloured  water,  except  when 
infested  with  green  parasitical  Monads ; 
the  animalcules  can  completely  withdraw 
themselves  within  it,  their  ttuls  becom- 


ing thickened  and  bent  (In  the  group, 
XXV.  365-<d68,  the  lorica  is  not  ^onvrn.) 
There  are  no  anterior  muscles,  but  three 
pairs  of  posterior  ones,  which  disappear 
near  the  rotaiy  organ ;  there  are  also  a 
back  and  two  lateral  pairs.  Several 
transverse  bands  appear  connected  with 
two  anterior,  lateral,  longitudinal  ones, 
which,  Ehrenberg  states,  must  arise  from 
a  network  near  the  head,  as  in  HydaimiL 
These  are  probablv  muscular.  He  has 
also  seen  two  spiral  bands,  situated  pos- 
teriorly. Two  beautiful  red  visual  oieans 
lie  immediately  beneath  the  wreath  of 
cilia,  and  behind  them  little  oval  bodies, 
which  he  regarded  as  nervous  ganj^lia, 
but  doubtless  erroneously.  In  the  root- 
like tail  are  two  laige  wedge-shaped 
glands,  probablv  male  organs.  These 
creatures  will  feed  upon  carmine  and 
indigo,  but  are  mosuy  filled  with  a 
golden-coloured  food.  (xxv.  370  rewe- 
sents  a  cluster  of  animalcules  magnified 
about  ten  diameters,  of  which  figs.  365- 
368  represent  a  portion  highly  mag- 
nified; the  first  is  an  under  view,  toe 
two  next  dorsal  views,  and  the  last  a 
side  view.  xxv.  869  shows  the  jaws, 
teeth,  and  part  of  the  pharyngeal  bulb 
separate.)    Size  1-60";  sphere  1-9". 


FAMILY  III.— MEGALOTROCHiEA. 

No  envelope  or  lorica.  Rotaiy  organ,  which  is  also  that  of  locomotion, 
simple,  incised  or  flezuose  at  the  margin.  Distant  muscular  bands  visible, 
by  means  of  which  the  shape  of  the  body  can  be  modified.  In  Megdh^nHha 
the  alimentary  canal  is  provided  with  two  jaws,  a  stomach,  two  csca,  and 
two  glandular  appendages.  In  Microcodon  there  are  two  single-toothed  jaws, 
and  a  simple  canal,  without  distinct  stomach  or  caeca.  The  ovarium  in  both 
genera  develope  a  few  large  ova,  each  of  which  in  MegaloUrochay  Ehrenberg 
affirms,  after  expression,  is  retained  in  connexion  with  the  body  by  means  of 
a  thread.  Water-vascular  canals,  with  tremulous  tags,  exist  in  Mrgahtrocha ; 
red  eye-spots  in  both  genera  indicate  a  nervous  system ;  and  in  MegalotrocAa 
a  radiating  body,  supposed  to  be  a  cerebral  ganglion  and  to  form  dark  glan- 
dular (?)  spheres,  are  seen  in  the  neighbourhood  of  the  mouth. 

Ehrenberg's  divisions  of  the  family  are  given  at  p.  478  of  the  General 
History. 

The  genera  contained  in  this  family  are  undescnbed  by  Bujardin  and 
I^ydig,  whilst  Siebold  only  recognizes  Megaloirocha.  Cjfphanautes,  instituted 
tiy  Ehrenbeig  upon  two  animalciilcs  found  in  water  from  the  Baltic,  Dujardin 
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considers  is  a  doabtftd  member  of  the  Rotatorial  class ;  and  Leydig  soggedt^ 
that  it  is  probably  a  larva  of  some  c^balons  moUusk.  In  the  propriety  of 
exdading  it  from  amongst  the  Rotatoria  we  folly  concur.  Dajardin  and 
Leydig  also  transfer  Microcodan  to  another  family,  regarding  its  caudal  process 
as  being  a  free  articulate  foot  rather  than  a  contractile  attached  peduncle. 
Its  affinities  are  unquestionably  with  Furcularia,  NoUymmatay  and  Hydatina^ 
rather  than  with  Megahtrocha, 

Ehrenberg's  description  of  the  ovum  of  Megalotrocha  aUxh-flavieans  con- 
tains some  grave  errors.  He  describes  the  embiyo  as  developmg  within  the 
genninal  vesicle,  and  growing  at  the  expense  of  the  surrounding  yelk,  as  is 
the  case  with  a  vertebrate  ovum.  This  is  so  contrary  to  what  occurs  in 
other  Rotifera,  in  which  the  entire  yelk  is  directly  transmitted  into  the 
embryo,  that,  merely  reasoning  from  analogy,  we  should  be  led  to  reject  it. 
But  Kolliker  has  shown  that  the  embryo  of  Megalotrocha  is  developed  in  the 
same  way  as  those  of  other  Rotifera. 

Genus  MICROOODON. — ^Eje  single ;  wreath  of  cilia  simple,  bent  in  the 
middle  so  as  to  resemble  the  figure  8  lying  transversely ;  alimentary  canal 
thick  and  straight,  without  a  stomach ;  no  oesophageal  tube,  but  a  sort  of 
pharyngeal  bulb  and  a  couple  of  single-toothed  jaws ;  also  a  turgid  ovarium. 
Immediately  behind  the  rotary  apparatus  is  a  small  red  visual  oigan ;  and  at 
the  frontal  region,  beside  it,  is  a  i^dish  knot  whose  frinction  is  imknown. 


MiCBOConoK  ClacuB,  —  Campanulate, 
pedided,  the  stylifonn  foot-like  tail  as 
long  as  the  body ;  in  the  middle  of  the 
Inrow  are  two  bundles  of  stiff  bristles ; 
two  pincer-like  points,  evidently  teeth, 
project  out  of  the  middle  of  the  rotary 


OTffan,  and  are  in  connexion  with  the 
reddish  jaws.  (xxxn.  371  is  a  back,  and 
fig.  372  a  left  side  view.)    1-280". 

Perty  thinks  that  the  so-called  eye 
consists  of  two  red  stripes,  beneath  which 
a  ribbed  body  is  faintly  discernible. 


Crenus  MEGALOTROCHA. — ^Eyes  two,  sometimes  becoming  effaced  by 
age ;  rotary  organ  has  two  lappets.  The  nutritive  system  consists  of  a 
stomaeh,  csMsum,  rectum,  and  oesophageal  head,  having  two  jaws,  with  teeth, 
and  two  glands ;  reproductive  organs,  a  short  knotted  ovarium,  with  a  few 
ova ;  muscles,  three  pair  anterior,  two  pair  posterior,  longitudinal ;  two  con- 
tractile muscles  for  the  rotary  organ,  and  four  oesophageal ;  eyes  frontal,  of 
a  red  colour  when  young ;  four  circular  transverse  muscular  bands  are  also 
seen.  The  nature  of  four  opaque  white  spherical  bodies  at  the  base  of  the 
rotary  organ  is  unknown. 


BfBOALOTROCHA  oibo-flavicons  (Vor- 
ticeOa  sociaUs,  M.).  —  White  and  free 
when  vouDg  j  yellowish,  and  attached  in 
radiating  clusters  when  old.  Ehrenberff 
states  he  has  often  perceived  the  red 
eyes  within  the  unbroken  egg ',  and  the 
jaws,  as  if  in  the  act  of  chewing,  move 
laterally  and  horizontally  against  each 
other.  Two  ova  are  rarely  produced  at 
one  time ;  the  egg,  when  expeUed  from 
the  body,  remains  attached  to  it  bv  a 
duread;  and  the  parent  has  often  rour 


or  five  thus  attached,  and  in  process 
of  further  development,  (xxxn.  374- 
376  represent  dif^rent  specimens ;  377 
merely  the  teeth  and  jaws  separate.) 
Upon  water-plants.  Size  of  single  ani- 
malcule 1-36" ;  of  the  spheres  1-6" 
(xxin.  1). 

M.  velata  (Qoeae). — ^Animals  separate ; 
disc  partially  enveloped  in  a  cleft,  gra- 
nular integument ;  eg^  not  attached  to 
the  parent  after  deposition.     1-55". 


FAMILY  IV.— FLOSCULARLEA. 

Rotatoria  surrounded  by  a  case  or  envelope,  and  provided  with  a  single 
rotary  organ,  flexuose  at  its  margin  and  lobed  or  divided,  having  from  two  to 
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fix  deftfl.  In  some  genera  the  cilia  of  this  organ  are  quieaeent  at  interrali, 
not  vibraling  oontinnously ;  the  alimentary  canal  is  complex,  nsoally  divided 
transversely  into  several  segments,  and  with  various  external  appendages, 
believed  to  be  glandular,  the  proventricular  segment,  giziard,  or  pharyngeal 
bulb  famished  with  teeth.  Ladntdaria  has  a  month,  oesophagus,  pharyngeal 
bulb  with  teeth,  a  stomach  constricted  into  three  segments,  and  a  short 
intestine ;  the  lower  stomach  clothed  internally  with  a  very  hmg  dHa. 
MeUeerta  has  a  similar  arrangement,  but  with  only  two  unequal  segmeats  in 
the  stomach,  both  of  which  are  ciliated  interiorly.  Two  water-vascular 
canals  arise  from  a  contractile  sac  opening  into  the  cloaca,  and  pass  upwards, 
one  on  each  side  of  the  alimentary  canal  to  the  head,  where,  in  ZoctiMiIarM, 
they  ramify  into  a  network ;  along  their  course  they  have  appended  to  tiiem 
small  tags  or  sacs,  each  containing  a  large  vibratile  cilium.  llieae  have  been, 
seen  in  LacimUaria,  MeUeerta,  and  StepJianoceros.  In  LaemtUariOf  Linmias, 
and  Mdiceria,  a  small  lobate  mass  exists  near  the  mouth,  believed  by  Huxky 
to  be  a  cerebral  ganglion.  Leydig  assigns  nervous  functions  to  small  bodies 
distributed  through  Ladntdaria ;  but  ^ese  appear  to  be  merely  the  small 
stellate  masses  of  viscid  protoplasm  described  by  Williamson  in  MeUeerta, 
and  Leydig  in  St^Tumoeeras,  Eyes  exist  in  all  the  genera,  except  ISdnah- 
laria,  at  some  stage  of  life.  In  MeUeerta  and  Laeinularia  they  disappear  as 
the  animal  approaches  adult  life.  Gosse  says  that  the  same  is  usually  the 
case  in  FloscuJaria,  but  that  he  has  occasionally  met  with  adult  specimens  in 
which  eyes  were  present.  Some  species  (if  not  all)  have  well-marked  iucieoli 
of  voluntary  muscular  fibre,  especially  running  parallel  to  the  long  axis  of 
the  body,  which  their  contraction  shortens.  Male  reproductive  organs  hitherto 
unobserved.  Female  organs  an  ovisac  composed  of  thin  transparent  man- 
brane,  distended  with  granular  protoplasm,  in  which  are  distributed  oeDs  or 
germinal  vesicles,  each  containing  a  nucleus  or  germinal  spot.  In  MeUeerta 
this  ovarium  communicates  with  the  cloaca  by  means  of  an  oviduct  Some 
species  produce  two  classes  of  ^gs,  one  being  probably  the  true  ovum,  tiie 
other  an  encased  gemma  or  bud.  Several  species  retain  the  eggs  within  the 
envelope  of  the  parent  until  the  young  are  hatched ;  othere  set  them  free  at 
an  early  stage  of  embryonic  development. 

Ehrenbei^s  arrangement  of  the  genera  of  this  fsunily  will  be  found  at 
p.  478  of  the  General  History. 

Byet  present    Tobioolaiw. 

One  eye  present  (when  young) Stq^ianoceros. 

^Enyelope  of  the  single  animal- 1  Timnias 

oules  distinot  or  separated...  J  Cephaloaqphas. 


Two  eyes 
present 
(when 
yonng). 


Botary  orsan  two-parted 

when  full-g«>wn j^^^^  ^^  ^  ,„j^,    L^d«». 

oules  conglomerated  J 

Botary  organ  fonr-parted  when  fnll  grown    Melioerta. 

^  Botary  organ  fiye-  to  six-parted  when  full-grown Floscolaria. 


Dujardin  has  a  family  of  "  Mosculariens,"  which,  however,  differs  bbcIi 
from  that  of  Ehrenberg,  both  in  its  distinctive  characters  and  in  the  spedes 
^assigned  to  it.  The  French  naturalist  includes  only  two  genera,  viz,  Flo*- 
cularia  and  StepTumoeeros,  Contrary  to  Ehrenberg^s  assertion,  these  two 
genera  are  stated  by  Dujardin  to  be  destitute  of  a  rotary  organ,  and  indeed 
of  vibratQe  cilia,  and  are  described  as  having  a  campanulate,  contrMtik 
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body,  tapeEring  towards  the  base  so  as  to  form  a  long  pedicle,  by  which  they 
aflix  themselyes  to  soHd  bodies.  Their  mouths  are  fdnushed  with  homy  jaws. 
Speaking  of  their  affinities,  he  remarks,  **  The  Eloecolariens,  like  the  MeH- 
oertaens,  also  have  a  certain  affinity  in  form  with  the  Yorticelliens  and  the 
Stentors,  and  also  with  the  Cctmpanularice  among  polypes.  They  live  in  the 
same  way,  fixed  to  water-plants  by  the  pedicle  of  their  campanulate  body,  the 
maigiii  of  which  presents  five  or  six  lobes,  terminated  by  appendages  or  dlia, 
withoat,  however,  any  indication  of  a  vibratile  movement.  At  the  bottom  of 
this  wide  opening  ia  situated  the  mouth,  provided  with  jaws  attached  to  a 
musonlar  bulb,  less  frequent  and  regular  in  its  movements  than  the  other 
Botatoria.  In  Fhseularia  the  jaws  are  simple,  and  the  lobes  of  the  (anterior) 
margin  short,  but  with  long  radiating  dlia ;  whilst  in  Stephanoceros  the  jaws 
are  omnpound,  and  the  marginal  lobes  very  long  and  covered  with  short 
dlia."  Dujardin  states  further,  that  the  gelatinous  case  of  Floscularia  may 
disappear,  and  therefore  cannot  be  used  as  a  generic  distinction,  either  in  the 
ease  of  that  genus  or  indeed  of  the  other  genera  included  in  Ehrenberg's 
fiunfly  of  the  same  name.  Entertaining  this  opinion  of  the  differences  of  tiie 
gelatinous  envelope  being  accidental,  not  constant,  Dujardin  rejects  the  genus 
Limnias  as  not  distinct  from  Lacintdaria,  whilst  he  denies  that  the  latter  is 
generieally  distinct  from  Megalotrocha — a  conclusion  in  which  Huxley  is  dis- 
posed to  agree  with  the  IVench  naturalist.  Of  the  remaining  genera  of 
Ehrenbeig's  family  Floscularisea,  viz.  Tvhicolaria,  Ladnularia,  and  Melieerta, 
to  which  he  adds  Ptygura,  already  described,  Dujardin  constitutes  a  feunily 
which  he  terms  Melicertiens.  In  some  of  these  objections  there  is  force. 
Floscularia  and  SUphanoceros  undoubtedly  differ  from  the  remaining  genera 
in  tiie  form  assumed  by  ciliated  appendages  supposed  to  represent  the  trochal 
disk  of  Melieerta  and  Lacinularia,  Gosse  states  that  in  Floscularia  rotation 
is  accomplished,  not  by  the  tofts  of  long  sets,  but  by  dlia  set  on  the  inner 
snu&ce  of  the  ^k,  which  cause  the  currents  to  converge  to  the  mouth  of  the 
animal ;  hence,  if  the  setigerous  bulbs  of  Floscularia  and  the  ciliated  arms  of 
SiephoHOceros  are  not  the  homologues  of  the  true  trochal  disks  of  Melieerta, 
tiie  propriety  of  Ehrenberg's  definitions  is  seriously  impaired.  But  we  see 
no  reason  for  rejecting  this  homology  in  the  case  of  Stephanoeeros  merely 
beeanse  the  motion  of  tiie  verticillate  cilia  is  periodic  and  interrupted  instead 
of  continuous :  and  if  Mr.  Gosse  is  correct  in  his  conception  respecting  Floscu- 
laria, it  is  equally  entitled  to  its  present  place ;  for  whilst,  on  the  one  hand, 
it  18  not  essential  to  a  trochal  disk  that  its  moving  cilia  should  be  arranged  at 
its  margin,  on  the  other,  these  dlia  do  not  exdude  the  possibility  of  other 
iq^Mndages,  such  as  the  pencils  of  setae  in  Floscularia,  h&ng  attached  to  the 
same  organ,  though  such  appendages  may  have  no  homologues  amongst  the 
other  Flosculaiian  genera. 

Dujardin's  objection  respecting  the  gelatinous  case  of  Floscularia  is  probably 
based  on  error.  Mr.  Gosse  has  shown  that  in  some  cases  it  is  so  thin  that  it 
might  easily  be  overlooked,  without  great  care  being  taken  to  discover  it. 

Leydig  of  course  rejects  Ehrenbeig's  &mily  of  Floscularia,  arranging  the 
^im<tlft  composing  it  in  his  first  group,  along  with  (Ecistss  and  ConochUus, 
with  which  tiiey  have  unquestionably  a  very  dose  affinity. 

The  creatures  composing  this  fjEunily  are  undoubtedly  among  the  most 
interesting  and  beautiful  of  Infusorial  animals.  Their  developed  organiza- 
tion, and  singular  habits,  render  them  objects  of  the  highest  mterest,  both 
to  the  naturalist  and  the  physiologist;  whilst  their  exquisitely  beautiful 
contour  and  the  magnificent  phenomena  presented  by  the  trochal  cilia  when 
in  active  rotation,  never  fail  to  impress  even  the  most  careless  of  observers 
with  a  sense  of  wonder  and  delight. 


Digitized  by  VjOOQ IC 


668 


8T8TEMATIC  HISTOBT  OF  THE  DTFirSORIA. 


Genufl  TUBICOLABIA  (XXXII.  379-382).  —  Figure  clavate,  with  a 
tranBparent  gelatinoiiB  case.  Rotary  organ  deeply  fissured  on  the  abdominal 
aspect,  and  less  stron^y  on  the  doraal  side,  by  which  it  is  divided  into  two 
lappets,  each  of  which  is  again  partially  subdiyided  into  two.  Ciliary  wi^eath 
double,  with  a  space  between  the  rows.  Mouth  opening  directly  into  the 
CBSophageal  bulb,  in  front  of  which  is  a  small  vesicular  organ  filled  with  pale- 
red^h  matter.  Stomach  long,  with  iMck  cellular  walls  and  four  glandular 
organs  surrounding  its  upper  extremity.  Intestine  thin  and  clear,  curving 
dightly  forward  towards  the  anus.  Two  water-vascular  canals  extend  along 
the  body,  apparently  forming  a  network  at  the  head,  and  bearing  a  couple  of 
vibratile  tags.  No  contractile  vesicle  observed  at  their  doacal  extremity. 
Foot,  by  means  of  which  it  adheres  to  foreign  bodies,  terminated  by  a  bundle 
of  cilia.  Two  tentacles  extend  from  the  abdominal  surface,  a  little  below 
the  mouth ;  each  has  a  clear  fibrous-looking  tract  along  its  centre,  and  is 
terminated  by  a  bundle  of  sets.  Embryo  with  the  gdatinous  sheath  colour- 
less, but  acquiring  consistency  and  a  yellowish  hue  with  advancing  age.  There 
is  a  small  concretionary  mass,  apparentiy  surrounded  by  a  sac,  affirmed  by 
some  to  be  urinary,  in  tiie  body  of  the  embryo. 


TuBicOLAMA  2V<i;Vw.— The  jaws  have 
four  teeth ;  and  the  tactile  tubes  are  hairy 
anteriorly.  This  animal  is  described  foUy 
in  the  account  of  the  genus ;  and  xxxn. 
878-^2  will  illustrate  It  381  represents 
the  animals  of  natural  sixe,  as  found  at- 
tached to  the  roots  of  Lemna  polyrrhkoj 


with  those  of  the  following  genus ;  fig. 
379  reoresents  an  animalcule  within  its 
case,  the  rotary  oigan  withdrawn;  fig. 
380,  another  extended,  and  witiiout  its 
lorica ;  ^g.  382,  the  oesophagus,  with  the 
jaws  and  teeth  separate.     1-36". 


Genus  STEPHANOCEROS  (XXXH.  383;  XXXVII.  1-4).  — Figure 
clavate,  with  five  long  arms  at  its  anterior  extremity,  surrounded  by  vertidls 
of  cilia.  Sheath  witiiout  parallel  sides  and  with  strong  parallel  folds  or 
curves ;  either  crystalline  without  any  foreign  admixture,  or  sometimes  over- 
spread with  small  linear  bodies  like  small  dead  Vibrios  or  MicrogUmB.  It 
apparentiy  is  not  tubular,  but  a  solid  gelatinous  mass  envelopes  the  animal 
as  high  up  as  the  base  of  the  rotary  arms.  Acetic  acid  renders  it  white,  and 
nitric  add  renders  its  outline  more  dear.  Beneath  the  cutide  is  a  granular 
layer  containing  nudeated  cells.  The  dlia  of  the  arms  appear  planted  in  a 
granular  stratimi  external  to  the  cutide,  frt>m  which  they  are  detached  in 
bundles  when  subjected  to  slight  pressure.  A  deep  transverse  fold  of  the 
integument  exists  at  the  base  of  the  rotary  organ,  and  contraction  throws  the 
pedunde  into  corresponding  folds.  Between  the  skin  and  the  viscera  are 
numerous  branching  corpuscles  resembling  cells  of  connective  tissue.  These 
cells  correspond  with  what  were  described  by  Professor  Williamson  in  MeU- 
eerta  ringens.  They  look  like  small  globules  of  ductile  protoplasm,  and  dosdy 
resemble  the  ductile  bands  seen  in  Noctiluca  miliaris.  It  is  not  impossible 
that  these  may  really  be  some  unchanged  remains  of  the  protoplasm  of  the 
ovum,  which  l^ey  closely  resemble.  Four  long  musdes,  contained  in  sarco- 
lemmata  or  sheaths,  proceed  from  the  foot  anteriorly,  branching  dichotomoudy. 
Alimentary  canal  composed  of  a  funnel-like  oral  cavity,  opening  into  a  stUl 
wider  proventriculus  having  an  intermediate  septum  and  four  long  bristles 
with  hooked  extremities,  then  a  globular  maxillary  bulb,  conducting  to  a 
spedal  stomach,  which  terminates  in  a  short  intestine.  The  oral  cavity  is 
lined  with  fine  dlia ;  and  the  proventriculus  condsts  of  two  membranes,  not 
in  close  contact,  but  with  a  narrow  intermediate  space.  The  maxillary  teeth, 
the  lining  of  the  maxillary  bulbs,  and  the  oesophageal  bristles  resist  the 
action  of  liquor  potassae,  indicating  a  chitinous  compodtion.     The  walls  of  the 
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stomach  have  a  thick  layer  of  large  cells  filled  with  yellow  granules  or  fett- 
corpuBcLeB.  Intestine  transparent  and  ciliated  internally.  A  contractile  sac 
oomrected  with  the  cloaca,  from  which  spring  two  broad  water-yasctdar 
canals,  which  are  lost  anteriorly  in  front  of  a  fieitty  mass  surrounding  the 
proTentriculns.  Ovarium  developing  but  few  ova  at  a  time;  these,  when 
discharged  from  the  ovary,  are  still  seen  to  be  enclosed  in  a  membranous 
oviduct,  extending  from  the  ovary  to  the  cloaca.  No  male  organ  hitherto 
discovered. 

Immediately  above  the  proventriculus  is  a  large  collection  of  hyaline 
vesicles,  which  evidently  open  externally  by  a  short  duct.  A  dark  granular 
vesicle  appears  at  the  posterior  end  of  the  body  of  the  embryo,  as  in  Tubieo- 
laria  andMelicerta, — supposed  by  some  authors,  but  without  sufficient  reason, 
to  be  a  urinary  concretion.  Two  eye-specks  at  the  opposite  extremity  of  the 
embryo.  Two  vibratile  spaces  also  appear  simultaneously,  the  one  in  front 
of  the  other.  The  vibratile  action  is  active  within  the  anterior  one,  whilst 
within  the  other  a  few  long  dlia  undulate  slowly. 

When  the  embryo  ia  first  distinguishable,  and  separable  from  the  egg,  it 
has  a  vermiform  figure,  and  ia  about  124  millimetres  in  length.  The  head, 
supporting  the  eyes,  is  separated  from  the  body  by  a  constriction ;  its  margin 
is  famished  with  numerous  cilia,  the  whole  being  retractile.  Within  the 
body  and  behind  the  head  are  several  longitudinal  stripes  of  a  doubtful 
nature ;  and  still  more  posteriorly  ia  a  clear  space  with  some  long  cilia  in 
action,  which  may  represent  the  alimentary  cavity ;  the  maxillary  jaws  are 
perceptible,  and  the  posterior  extremity  fiiniished  with  some  cilia.  On  one 
occasion  Leydig  met  with  another  form  of  embryo,  which  retained  the  vermi- 
form aspect  in  its  body  and  foot,  but  with  the  former  elongated,  and  termi- 
nated by  four  arms.  Two  eye-specks  present,  and  a  proboscis  in  front,  with 
two  extended  tubular  processes  terminated  by  cilia.  Extremity  of  the  foot 
devoid  of  dlia.  The  maxillffi  were  fiilly  developed ;  and,  near  the  sac  with 
the  dark  granular  concretions,  ciliary  vibration  was  discernible.  Leydig 
thinks  that  the  dark  granules  of  the  sac  escape  into  the  cloaca,  and  regards 
them  as  urinary  concretions  accumulated  in  the  extremity  of  the  intestine. 
Cohn  rejects  the  idea  that  they  so  escape ;  and  we  believe  him  to  be  correct 
on  this  point.     The  granules  are  affected  by  potash,  but  not  by  acetic  add. 


Stefhakocbbos  EichhomU  (xxxn. 
383;  xxxvn.  1-4). — The  case  transpa- 
rent, like  glass ;  rotary  organ  with  five 
lobes  or  arms,  each  furnished  with  fifteen 
verticils  of  cilia ;  these  arms  act  occasion- 
ally as  prehensile  instruments.  As  the 
eggs  are  detained  in  the  case  until  the 
yoozig  are  hatched,  Ehrenber^  erroneously 
considers  this  creature  viviparous.    In 


xxxn.  383,  the  eye  and  tags  are  visible,  and 
over  the  latter  what  Ehrenber^  calls  gan- 
glia. The  case  is  discerned  with  difficulty, 
nrom  its  very  transparent  nature,  unless 
indigo  is  mixed  witn  the  water.  1-36". 
S.  gladaUs, — Only  one  specimen  seen 
without  its  stem.  The  n\Q  arms  not 
furnished  wilh  ciliary  whorls,  but  with 
single  bristles.    1-14'". 


The  internal  organization  of  StepJutnoceros  is  well  illustrated  in  XXX VII.  1  : 
b  is  the  pharyngeal  bulb,  resting  upon  a  proventriculus  or  crop  c,  below 
which  is  the  maxillary  bulb  d,  containing  the  jaws ;  e  is  the  stomach,  with 
its  large  cells  ;  whilst  /  is  the  intestine,  terminating  at  the  cloaca ;  g  is  the 
avsjry  containing  ova ;  Jc  indicates  delicate  longitudinal  muscles,  extending 
down  the  pedunde;  and  tt  the  water- vascular  canals  with  their  vibratile 


In  fig.  2  the  detached  ovary  is  represented,  consisting,  as  is  usual  amongst 
the  Rotatoria,  of  a  delicate  membranous  sac,  /,  prolonged  into  an  oviduct. 
The  contained  ova  are  seen  in  different  stages  of  development.  At  a  is  the 
stroma  or  granular  mass,  with  its  germs ;  6  is  an  ovum  in  the  first  stage  of 
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fiaBion ;  at  e  the  oTnm  has  undergone  seyeral  repetitions  <^  the  yelk-division ; 
and  at  €2  is  an  ovum  in  which  the  contour  of  the  embryo  is  visible.  The  two 
eye-spots  seen  at  d ;  and  the  so-called  dark  urinaiy  concretion,  seen  also  in 
embryonic  Mdicertce  and  others,  at  Jc,  The  real  nature  of  this  last  object, 
which  is  seen  only  in  the  embryonic  state  of  these  animals,  is  yet  doubtfuL 
Fig.  3  represents  a  very  young  St^hanoceras  a  little  after  its  liberation 
from  the  ovum ;  and  fig.  4  another  immediately  after  its  liberation  from  its 
shell.  The  dorsal  aspect  of  the  jaws  of  the  maxillary  bulb,  according  to 
Mr.  Gosse,  is  represented  in  XL.  27,  and  the  oblique  aspect  of  the  incus  in 
XL.  28. 

Genus  LDOTEAS  (XXXn.  388-392;  XXXVI.  2).  —  Eyes  two;   case 

(urceolus)  solitary ;  rotary  oigan  two-lobed  when  fully  grown,  being  then 
constricted  in  the  middle ;  alimentary  canal  simple,  terminating  at  the  base 
of  the  foot  or  tail;  stomach,  two  jaws  with  teeth,  and  two  glands  also 
present.  The  ova  are  deposited  witlun  the  case,  where  they  are  developed ; 
neither  male  organs  nor  water-vascular  canals  discovered ;  two  visual  oigans 
indicate  sensation:  these  in  the  young  animalcules  are  red,  and  are  even 
visible  within  the  ovum ;  but  in  old  age  the  colour  disappears,  and  hence 
they  are  not  seen.  In  the  middle  of  the  rotary  organ,  when  expanded,  are 
seen  four  large  globules,  which  Ehrenberg  erroneously  oonsid^  nervous 
ganglia,  or  brain. 


LniNiAS  CeratophylU  (xxxn.  388-^92 ; 
XXXVI.  2). — Case  white  at  first,  after- 
wards brown  or  blackiah;  smooth,  but^ 
being  viscid,  often  covered  with  extra- 
neous particles ;  its  connexion  with  the 
animalcule  is  a  voluntary  act  of  the 
latter;  the  two  red  eyes  and  the  jaws 
may  be  observed  in  the  ova  when  de- 
veloped; by  giving  the  latter  a  gentle 
pressure  the  shell  bursts,  xxxn.  889 
exhibits  an  animalcule  just  emerged  fix>m 
the  e)^j  892;  891  a  young  specimen, 
with  a  rotaiyorgan  nearly  circular,  and 
two  eyes;  390  a  full-grown  specimen, 
without  its   case,  fed  on   indigo— the 


jaws  (each  of  which  has  three  strong 
teeth),  the  ova,  and  the  traces  of  lon- 
^tudinal  muscles  are  seen,  the  wheel 
IS  folded  up;  388  another,  within  its 
case,  having  the  lobed  rotary  organ  ex- 
panaed.  (xxxvl  2.  is  more  magnified.) 
Foimd  upon  homwort  (Cemtoph^btm) 
and  other  aquatic  plants.  Length  about 
1-20";  case  1-40". 

L.  anmtkUua  (Bailey). — The  case  is 
ribbed  and  semitransparent^  and  is  com- 
posed of  a  linear  series  of  nngs.  Found 
in  a  ditch  at  Witlingham,  near  Norwich, 
on  duck  weed  (Bri^twell) ;  and  by  Dr. 
Bailey  near  New  York,  U.S. 


Genus  CEPHALOSIPHON.  —  Rotary  organ  bilobed;  eyes  two;  sheath 
single ;  two  frontal  horns,  including  the  siphon. 

Cbphalosiphon  Xtmnuu.— Sheath  membranous,  annulate.  1-6"'  to  1-6"'.  Om 
CeratophyUum,    Berlin,  July. 

Genus  LACINULARIA  (XXXVII.  19-26).  — Eyes  two  (in  the  young 
state);  the  cases  (urceoli)  conglomerate,  or  grown  together;  rotary  organ 
two-lobed  when  full-grown,  but  nearly  circular  when  young :  this  organ  is 
the  chief  instrument  of  locomotion.  Band-like  longitudinal  muscles  exist 
within  the  body.  Pharyngeal  bulb  large,  with  two  jaws,  and  teeth  in  rows ; 
oesophagus  short,  narrow ;  stomach  elongated,  transversely  constricted,  and 
with  caBcal  (?)  appendages ;  short.  The  ovarium  is  situate  about  the  middle 
of  the  body,  and  opens,  along  with  the  intestine  and  the  contractile  sac  of 
the  water- vascular  canals,  into  the  caecum.  Visual  organs  exist  in  the  young 
state ;  red  in  the  developed  ovum,  but  becoming  darker  as  they  advance  to 
maturity.  Globular  bodies  support  the  oesopha^  on  each  side ;  and  below 
the  mouth  is  a  small  organ,  supposed  to  be  title  brain. 
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liAdNiTiiABlA  ModaiU  {VorUceUa  so- 
etaka  et  Jhsetdoaa,  M.)  (xxxyn.  19).--- 
Enyelope  ^latinoiiSy  tranBparent.  in 
which  are  inmlaiited  numerous  indivi- 
dual animals,  that  have  unitedlj  thrown 
out  the  gelatinous  secretion  m  which 
they  are  imhedded.  Body  elongated,  co- 
nical peduncle  (xxxvn.  19  k)  truncated 
and  forming  at  its  posterior  extremity 
a  sucker,  attaching  the  animal  to  the 
foreign  object  supporting  the  entire 
group.  Trochal  disc  at  the  anterior  ex- 
tremity of  the  body,  into  which  it  is 
drawn  when  at  rest  (xxxvn.  19  a),  but 
expanding  into  a  horseshoe-shape,  with 
a  aouble  row  of  ciliA  round  its  mar^. 
Mouth  in  the  notch  of  the  trochal  disk. 
Pharynx  leading  to  a  pharyngeal  bulb 
(19  6),  in  which  the  jaws  are  planted. 
These  are  not  stirrup-shaped,  as  described 
by  Ehrenberg,  but  composed  of  four 
pieces  (xxxvn.  20).  CEsophagus  passing 
ihrougn  the  bulb  reaches  the  first  sto- 
mach (19  c),  into  which  two  cellular 
app^ida^pes,  regarded  by  Ehrenberg  as 
pancreatic,  open.  Below  this  is  a  second 
dilation  (19  cT),  furnished  with  several 
short  cellular  csBca,  and  still  lower  a 
third,  more  globular  segment  (19  e), 
idso  furnished  with  external  cellular 
cseca,  and  clothed  internally  with  long 
dlia.  From  this  a  short  intestine,  ac- 
cording to  Huxley^  turns  upwards  and 
outwards,  terminating  in  a  cleft  of  the 
integ^ument  on  the  same  side  as  the 
mouth.  This  ''intestine"  is  probably 
the  cloaca  of  other  writers.  Two  water- 
vascular  canals  (19 1)  arise,  one  on  each 
side  of  the  intestine  rcloaca),  and  ascend 
on  opposite  sides  of  the  body  towards 
the  head.  They  divide  opposite  the  pha- 
ryngeal bulb,  each  into  three  branches, 
one  of  these  uniting  with  its  fellow,  the 
others  terminating  as  cseca ;  within  these 
are  distributed  five  pairs  of  long  vibratile 
cilia.  Vacuolar  thickenings  of  the  in- 
tegument exist  in  several  parts  of  the 
body.  A  small  ciliated  sac  is  located 
below  the  mouth,  and  still  lower  is  a 
smaU  organ  believed  by  Prof.  Huxley  to 
be  ihe  cerebral  ganglion.  Two  eye-spots 
occur  on  the  trochal  disc  of  the  young 
fmiTTiAl  (xxxvn.  11),  but  they  disappear 
in  the  adult  No  male  reproductive 
organ  hitherto  discovered.  Prof.  Hux- 
ley's description  of  the  female  organs, 
and  the  development  of  the  ova,  is  as 
follows : — "  The  ovary  consists  of  a  pale, 
slightly  granular  mass,  of  a  transversely 
elongated  form  (19  h),  and  somewhat 
bent  round  the  intestine ;  it  is  enclosed 
in    a  delicate   transparent   membrane. 


which  is  hardly  visible  in  the  unaltered 
state,  but  bec<nnes  very  obvious  by  the 
action  of  acetic  acid,  which  contracts 
the  substance  of  the  ovary  and  throws 
the  membrane  into  sharp  folds." 

Pale  dear  spaces  (xxxvn.  7),  which 
sometimes  seem  to  be  limited  by  adistinct 
membrane,  are  scattered  through  the 
substance  of  the  ovary ;  and  in  each  of 
these  a  pale  circular  nucleus  is  contained. 
The  nucleus  is  more  or  less  opaque,  but 
usually  contains  from  one  to  &ree  clear 
spots.  These  are  the  germinal  vesicles 
and  spots  of  the  future  ova.  Acetic  acid, 
in  contracting  the  pale  substance,  groups 
it  round  these  vesicles,  without,  how- 
ever, breaking  it  up  into  separate  masses. 
It  renders  the  nuclei  more  evident. 

The  ova  are  developed  thus : — One  of 
the  vesicles  increases  in  size ;  and  reddish 
elementary  granules  appear  in  the  ho- 
mogeneous substance  around  it  This 
accumulation  increases  until  the  ovum 
stands  out  from  the  surface  of  tiie  ovary, 
but  invested  by  its  membrane,  which,  as 
the  ovum  becomes  separated,  takes  the 
place  of  a  vitelline  membrane. 

In  the  meanwhile  the  germinal  ve- 
sicle has  increased  in  size ;  and  its  nu- 
cleus is  no  longer  visible.  In  the  ovum 
it  appears  as  a  dear  space ;  isolated  by 
crushmg  the  ovum,  it  is  a  transparent, 
colourless  vesicle.  The  perfect  ova  are 
oval,  about  1-10"  in  diameter,  and  are 
extruded  by  the  parent  into  the  gela- 
tinous connecting  substance,  where  they 
imdergo  their  development 

The  changes  that  take  place  after  ex- 
trusion, or  even  to  some  extent  within 
the  parent,  are — 1,  the  disappearance  of 
the  germinal  vesicle  (as  Huxley  judired 
from  one  or  two  ova  in  which  he  could  find 
none) :  2,  the  total  division  of  the  yelk  (as 
described  by  Eolliker  in  MegtUoirocha), 
until  the  embiro  is  a  mere  mass  of  cells 
(xxxvn.  5,  6,  0,  9),  from  which  the  va- 
rious organs  of  the  foetus  are  developed. 

The  youngest  foetuses  are  shout  1-70" 
in  length.  The  head  abruptly  trun- 
cated ^cxxvn.  10),  and  separated  by  a 
constriction  from  the  body.  A  sudden 
narrowing  separates  the  other  extremi^ 
of  the  body  nom  the  peduncle,  which  is 
exceedingly  short,  ana  provided  with  a 
ciliated  ctmty  (a  sort  of  sudcer^  at  its 
extremity.  The  head  is  nearly  circular, 
seen  from  above,  and  presents  a  central 
protuberance,  in  which  the  eye-spots  are 
situated.  The  margins  of  this  protu- 
berance are  provided  with  long  cilia, 
which  will  become  the  upper  circlet  of 
cilia  in  the  adult    In  yoimg  Zacimilarim 
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1-90"  in  length,  the  head  has  become 
triangular  (xxxvn.  11),  and  thus  it  gra- 
dually takes  on  the  perfect  form.  The 
youn^  had  previously  crept  about  in  the 
gelatmous  mvestment  or  the  parents; 
they  now  begin  to  *' swarm,"  uniting 
together  by  their  caudal  extremities,  and 
are  readily  pressed  out  as  free-swimming 
colonies,  resembling  in  this  state  the 
genus  QmoehHuB  (Huxley).  But,  besides 
the  ova  whose  development  is  ^us  de- 
scribed, Professor  H^ixley  observed  a 
second  dass,  to  which  he  refers  as  fol- 
lows:— "In  a  fullv-grown  Lacimdaria 
which  has  produced  ova,  the  ovaiy,  or  a 
large  portion  of  it,  begins  to  assume  a 
bli^kish  tint  (xxxvn.  22);  the  cells, 
with  their  nuclei,  undergo  no  change, 
but  a  deposit  of  strongly  refracting  ele- 
mentary granules  takes  place  in  the  pale 
connecting  substance.  JBvery  transition 
may  be  traced,  from  the  deep  black  por- 
tions to  unaltered  spots  of  the  ovarium ; 
and  pressure  always  renders  the  cells 
with  their  nuclei  visible  amongst  the 
granules.  The  investing  membrane  of  the 
ovary  becomes  separated  from  the  daric 
mass,  so  as  to  leave  a  space ;  and  the  outer 
surface  of  the  mass  mvests  itself  with 
a  thick  reddish  membrane  (xxxvn.  24), 


which  is  rough,  dastic,  and  reticulated 
from  the  presence  of  many  minute  ap»^ 
tures.  This  membrane  is  soluble  in  bo^ 
hot  nitric  acid  and  caustic  potass.  The 
nuclei  and  cells,  or  rather  the  clear  spaces 
indicating  them,  are  still  visible  upon 
pressure,  and  may  be  readilv  seen  by 
bursting  the  outer  coat  Bv  aegrees  the 
ephippud  ovum  becomes  lignter,  until  at 
last  its  colour  is  reddish-brown,  like  that 
of  ordinary  ova ;  but  its  contents  are  now 
seen  to  be  divided  into  two  masses,  hemi* 

r*  meal  from  mutual  contact  (t  21).  If 
body  be  now  crushed,  it  will  be  found 
that  an  inner  structurelees  membrane 
exists  witiiin  the  first-stated  membrane^ 
and  sends  a  partition  inwards  at  the  line 
of  demarcation  of  the  two  masses.  The 
contents  are  precisely  the  same  as  befoi^ 
viz.  nuclei  and  elementary  granules.  I 
was  unable  to  trace  the  development  of 
these  ephippial  ova  any  further.^ 

Professor  Huxley  tnus  indicates  his 
belief  in  the  existence  of  two  classes  oi 
ova  in  Lacmularia,  one  of  which  he 
thinks  probably  requires  sexual  fecunda- 
tion, wnilst  the  others  do  not  Cohn 
believes  that  the  bodies  usually  termed 
ova  by  Huxley  and  others  are  not  so, 
but  internal  gemnue. 


Genus  MEUCERTA  (XXXII.  386, 387 ;  XXXVI.  1 ;  XXXVH.  12-18> 
— With  a  case  or  envelope ;  solitary ;  rotary  organ  simple,  with  four  lobes 
when  expanded ;  free  longitudinal  muscles  for  the  contractions  of  the  body ; 
alimentary  canal  divided  into  segments,  in  one  of  which  (the  pbaiyngeal 
bulb)  are  complex  jaws ;  mouth  situate  at  the  bottom  of  the  cleft  between 
the  two  larger  lobes  of  the  rotary  organ ;  the  orifice  of  the  cloaca  near  the 
junction  of  the  long  peduncle  with  the  body.  Male  generative  organization 
unknown ;  believed  by  Mr.  Gosse  to  be  dioecious.  Female  organs  a  large 
ovary  filled  with  granular  protoplasm  and  germinal  vesicles,  as  in  the  pre- 
ceding genns,  but  with  a  distinct  oviduct  opening  into  the  doaca.  Two 
water-vascular  canals,  arising  from  a  contractile  vesicle,  ascend  towards  the 
head.  Two  tactile  appendages,  with  setigerous  extremities,  on  each  side  the 
head.     Two  eye-spots  in  the  young  animal.     Nervous  system  uncertain. 


MsLiCEBTA  ringem,  —  Case  (xxxvi. 
Id)  conical,  granulated,  resembling  a 
honey-comb,  of  a  browniah-red  colour; 
it  is  composed  of  small  lenticular  bodies, 
secreted  and  deposited  by  the  animalcule ; 
these  are  agglutinated  by  a  peculiar 
viscid  matter,  afterwards  hardened  in 
the  water.  Into  this  tube  the  soft  cry- 
stalline or  whitish  animalcule  can  witn- 
draw  itself;  and  when  its  flower-like 
wheel-work  (1  a)  is  expanded,  the  vibra- 
tile  cilia  appear  to  run  slong  the  margin  of 
this  organ ;  Ijut,  in  fiact,  each  single  ciHum 
only  turns  itself  upon  its  base,  their  aggre- 
gate motion  causing  a  little  whirlpo<3  in 


the  water,  directed  towards  the  mouth, 
which  is  situated  in  the  middle  of  the  two 
large  leaflets  of  the  rotary  organ ;  the  eyes 
in  the  young  animal  are  plik^  near  the 
two  other  bent  leaflets,  wtiich,  accoidiz^ 
to  Ehrenberg,  are  analogous  to  a  deA 
upper  lip  of  the  dorsal  surfiice :  the  dis- 
charging orifice  is  on  the  same  side ;  and 
therefore  the  dorsal  tail-like  portion  be- 
comes a  ventral  member  or  foot  (xxxn. 
886,  an  animalcule  within  its  case,  havixtf 
the  rotary  oigan  contracted ;  ^z.  387,  wi^ 
the  trochal  msc  fully  expanded :  the  case 
is  given  in  outline  only,  in  order  to 
show  the  internal  structure.)  On  Lemme 
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and  other  aquatic  pknts.  Length  1-12"; 
ease  1-24" :  egg  1-160". 

The  peUetB  fonning  the  case  were 
thought  by  Ehrenbeiff  and  others  to  be 
dqrasited  from  the  doacal  orifice :  but, 
from  ^e  careful  researches  of  Mr.  Goese, 
tius  appears  to  be  an  enor  (lyam, 
Mierofe.  8oc  1851,  vol  iiL  part  iL  p.  62). 
That  observer  points  out  the  existence 
of  a  fecial  rotating  organ  of  a  cup-like 
figure  (xxxvi.  1  e)  (the  disc  seen  above), 
seated  unmediately  above  the  projecting 
tube.  This  organ  he  saw  fill  and  empl^ 
iteelf  "  manj  times  in  succession,  until 
a  goodlj  airav  oi  dark  pellets  were  hud '' 
down  irregularlj,  the  animal  effectinflr 
their  distnbution  bj  bending  its  head 
downward,  so  as  to  brin^  this  cap  and 
the  margin  of  its  sheath  mto  apposition. 
<^  After  a  certain  number  were  deposited 
in  one  part^  the  animal  would  suddenly 
torn  itself  round  in  its  case  and  deposit 
some  in  another  part  It  took  from  two 
and  a  half  to  three  and  a  half  minutes  to 
make  and  deposit  a  pellet"  Coloured 
particles  in  the  water  **  are  hurled  round 
tiie  mar]^  of  the  ciliated  disc,  until  they 
pass  off  m  front  through  the  great  sinus 
oetween  the  large  petau ; "  and  the  atoms, 
if  few^  <' glide  along  the  fecial  surfiAce, 
following  the  irregularities  of  the  out- 
line with  great  precision,  dash  round  the 
jnrojecting  chin,  and  lodge  themselvee 
one  after  another  in  tiie  little  cup-Hke 
receptacle  beneath,"  in  which  again  they 
ave  whiried  round  with  great  rapidity, 
and  prepared  into  pellets  for  the  building 
up  OT  the  case  of  tne  animaL 

The  internal  organization  of  this  ani- 
mal has  been  investigated  by  Professor 
Williainson.  Like  LaeinulaHa,  the  tro- 
chal  disc  is  double  at  its  margin,  with 
two  rows  of  rotary  cilia,  the  currents 
created  bv  which  are  directed  to  the 
mouth  and  pass  off  by  the  ciliated  ''chin" 
— a  small  additional  lobe  above  the  cili- 
ated cup  of  Mr.  GoBse.  On  each  side  of 
the  trochal  head  are  two  hollow  pro- 
cesses or  ''calcars"  —  the  respiratory 
tubee  of  Ehrenberg,  but  which  are  pro- 
bably tactile  (xKxvn.  17  d).  These  ter- 
minate externally  in  a  deltoid  body  (13), 
from  which  projects  a  pencil  of  straight 
setae.  Along  the  intonor  of  this  tube  is 
a  delicato  muscular  band,  by  which  the 
setifferous  extremity  can  be  drawn  baek- 
waras  into  the  tone  (14^  and  the  8et» 
thus  be  removed  out  oi  danffer.  The 
alimentary  canal  much  resembles  that  of 
Zaeimsiana,  There  is  a  narrow  oeso- 
phagus conducting  downwards  to  the 
phasyngeal  bulb  ^gs.  17  e  and  23),  in 


which  are  implanted  the  peculiar  jaws : 
these  are  complex  (f.  26),  consisting  of 
equilateral  sets  of  numerous  transverse 
bars,  those  of  each  set  connected  at  their 
peripheral  extremities  by  an  arcuate  lon- 
giti^inal  one,  and  at  their  inner  extre- 
mities by  a  double  broad  longitudinal 
one  prolonged  upwards  into  a  long  nar- 
row nandle  or  process  which  meets  ite 
fellow  of  the  opposite  side  at  a  kind  of 
hinge-Hke  j oint  These  iaws  work  upon 
one  another  with  a  crusning  motion  by 
means  of  the  above  joint, — the  ugfer  part 
of  the  alimentary  canal,  and  consequently 
the  food  swallowed,  pasainff  between 
them.  Below  the  phaiynffeal  bulb  is  an 
oblong  stomach,  with  ceUular  parietea 
and  hned  with  dlia.  A  ccmstiiction 
separates  this  from  a  lower  and  mote 
spherical  portion  (17  g),  also  cellular 
and  lined  with  still  longer  dlia.  This 
opens  into  a  long  cloaca  (17  k),  which 
turns  suddenly  upwards  to  its  terminal 
outlet  (17 1).  The  interior  of  the  body 
contains  numerous  free  muscular  bands. 
These  are  especially  distinct  in  the  pe- 
duncl^  along  the  entire  leuj^  of  which 
several  of  them  run,  wmch  shorten 
the  body  in  ite  axial  Une.  Each  fasci- 
culus consists  of  transversely  striped  or 
voluntary  muscular  fibre,  and  is  enclosed 
in  a  sar^emna  or  membranous  sheath 
(18).  Diffused  through  the  body  of  the 
ajiimal,  but  spedallv  distinct  at  the  up- 
per part  of  ine  pedunde,  are  numerous 
small  masses  of  visdd  granular  proto- 
plasmic substance,  which  send  slender 
prolongations  to  each  other  and  to  the 
surrounding  parts,  reminding  the  ob- 
server of  me  pseudopodia  of  the  Rhi- 
zopods  and  uie  internal  threads  of 
yoctibiea. 

The  v^ter-vascular  system  consbts  of 
two  canals  arismg  from  a  small  pyriform 
contractile  veside  below  the  stomach, 
and  apparently  with  the  doaca.  One 
ascencb  on  each  side  of  the  alimentary 
canal  towards  the  head,  where  they 
branch.  Viloatile  tags  are  connected 
with  them. 

Professor  Williamson  describes  the 
ovary  as  ''a  hollow  sac  (xxxvu.  23 A), 
consisting  of  a  very  thin  pdludd  mem- 
brane. £is  filled  with  a  visdd  granular 
protoplasm  of  a  light  grey  colour,  in 
which  are  distributed  from  twenty  to 
thirty  nudei,  each  having  a  diameter  of 
from  1-1200"  to  1-1600".  Each  nudeus 
contains  a  large  nudeolu&  varying  in 
diameter  from  1-1600"  to  1-3600".  In 
its  normal  state  the  granular  protoplasm 
is  of  a  uniform   grey  colour,  flowing 
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freely  out  of  the  ovary  when  the  latter 
is  ruptured.  The  nuclei  situated  nearest 
the  centre  of  the  ovary  appear  to  be 
successively  selected  for  development. 
One  of  these  nearest  the  sur&ce  attracts 
around  itself  a  small  portion  of  the  gra- 
nular protoplasm,  detaching  it  from  the 
remaining  contents  of  the  organ,  though 
in  close  contact  with  them.  The  portion 
thus  specially  isolated  gradually  enlarges, 
assummg  at  the  same  time  a  cUirker  hue, 
whilst,  mm  its  central  position,  it  par- 
tially divides  the  upper  from  the  lower 
half  of  the  remaining  ovarian  protoplasm. 
At  the  same  time  the  cenml  nucleus 
sometimes  undergoes  some  slight  en- 
largement, and  its  nucleolus  appears  to 
become  absorbed.  The  position  of  this 
nucleus  in  the  centre  of  the  ovum  is 
now  indicated  by  an  ill-deiined  trans- 
parent spot;  but  on  bursting  the  proto- 
plasmic mass,  it  is  seen  to  be  a  small 
spherical  cell  about  1-1000"  in  diameter, 
having  very  tiiin  pellucid  walls  and 
scarcely  any  visible  cell-contents.  When 
the  ovum  thus  segmented  from  the  ova- 
rian protoplasm  has  attained  its  full  size 
(xxxvn.  17  o),  it  becomes  invested  by  a 
thin  shell,  which  is  apparently  a  secre- 
tion from  its  own  surnice." 

"The  ovum  being  now  ready  for  ex- 
pulsion, it  is  slowly  forced  down  to  the 
tower  part  of  the  ovary,  the  stomachs 
being  orawn  upwards  and  to  one  side  in 
order  to  make  way  for  it  Yielding  to 
the  pressure  produced  by  the  successive 
contractions  of  the  body,  the  ovum 
sweeps  round  the  inferior  border  of  the 
lower  stomach,  and,  passing  through  the 
dilated  oviduc^  enters  the  cloaca.  The 
latter  canals  become  entirely  everted,  as 
is  the  case  when  the  excrements  are  dis- 
charged; and  by  a  sudden  contraction 
the  ovum  is  expelled." 

Professor  Williamson  minutelv  de- 
scribes the  conversion  of  the  yelk  into 
an  embryo — the  successive  segmenta- 
tions of  the  nucleus  and  surrounding 
yelk,  until  the  whole  becomes  a  cellular 
mass,  as  in  iMcimilana,  The  first  visible 
evidence  of  life  is  the  production  of  a 
few  moving  cilia,  especially  near  the 
future  head,  followed  first  by  traces  of 
the  dental  apparatus,  then  by  the  de- 
velopment 01  the  various  organs,  in- 
cluding the  two  eye-spots,  soon  after 
which  the  young  animal  escapes  from 
its  shell. 

"Almost  immediately  after  its  escape 


from  the  egg,  the  young  MeUeerta 
stretches  itself  out,  and,  everting  the 
anterior  part  of  its  body,  unfolds  several 
small  projecting  manmlie  (xxxvn.  16), 
covered  with  large  cilia,  bv  means  of 
which  it  floats  freely  away.  t*he  ciliated 
mamilln  at  this  st^^  of*  growth  are  not 
unlike  those  seen  m  Notommata  dan^ 
lata,  but  they  soon  enlarge  and  become 
developed  into  the  flabSli£>rm  wheel- 
organs  of  the  matured  animal."  In  tids 
sta^  all  the  organs  of  the  perfect  animal 
are  present^  showing  that  the  creature 
passes  through  no  larval  form,  and  tliat  it 
IS  not  identical  with  the  Ptyffwra,  as  £3ir- 
enberg  and  others  have  thought  After 
swimming  about  some  time,  a  dark- 
brown  spot  disappears  from  the  posterior 
part  of  the  boay,  followed  by  the  eye- 
specks,  when,  the  same  writer  adds, "  the 
animal  attaches  itself  by  the  tail  to  some 
fixed  support^  and  developes  from  the  skin 
of  tiie  postenor  portion  of  its  body  a  thin 
hvaline  cylinder,  the  dilated  extremity 
of  which  is  attached  to  the  supporting 
object  This  structure  has  alreaay  been 
noticed  by  Dr.  Mantell  {Humgkts  <m  Am- 
tnalcule$\  thoup^h  I  have  never  seen  it 
so  largely  developed  as  is  represented  in 
his  figures.  The  young  animal,  having 
chosen  a  permanent  resting-place,  com- 
mences tne  formation  of  its  singular 
investing  case.  I  have  verified  Dr.  Sbn- 
tell's  account  of  the  position  ooci^ied 
by  the  first-formed  spneres.  They  are 
arranged  in  a  ring  round  the  middle  of 
the  body  (xxxvn.  15),  and  are  for  some 
time  unattached  to  the  leaf  or  stem 
which  supports  the  animal.  They  appear 
to  have  some  internal  connexion  with 
the  thin  membranous  cylinder.  At  first 
new  additions  are  made  to  boHi  extre- 
mities of  the  enlai^giii£[  ring;  but  the 
jerking  constrictions  of  the  animal  at 
length  force  the  caudal  end  of  the  cylin- 
der down  upon  the  leaf,  to  wbidi  it 
becomes  securely  cemented  by  the  same 
viscous  secretion  as  causee  the  little 
spheres  to  cohere."  "When  ike  ova  are 
dischanfed  from  the  cloaca,  they  8ucoe»> 
sively  mil  into  the  cavity  of  the  teesel- 
lated  case,  where  they  undergo  devetop- 
ment  I  have  often  found  as  many  as 
four  in  one  case  in  various  stages  of 
progress.  It  is  whilst  the  eg^  are  thus 
protected  that  the  young  animals  burst 
their  shells,  swimming  out  at  the  free 
extremity  of  the  case  as  soon  as  they 
are  liberated." 


Genus  FLOSCULARIA  (XXXII.  384,  385 ;  and  woodcuts).— These  crea- 
tures possess  when  young  two  eye-spots.     Several  lobes  surround  the  heed. 
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each  sonnoimted  by  a  pencil  of  long  setse.  These  lobes  are  regarded  by 
Ehrenberg  as  the  rotary  organ ;  but,  according  to  Gosse,  the  upper  surfiaoe 
of  the  central  disc  fulfils  the  rotatory  functions.  Body  furnished  with  a 
long  peduncle,  by  which  the  animal  is  fixed,  and  the  whole  surrounded  by 
a  thin  diaphanous  case  resembling  that  seen  in  the  very  young  Melicerta. 
From  its  trsuisparency  this  can  often  be  detected  only  by  colouring  the 
water  with  some  pigment.  Alimentary  canal  simple,  conical.  Reproductive 
system  resembling  that  of  Ladntdaria.  Ova  deposited  within  the  case. 
When  viewed  from  above^  the  head  of  the  animal  resembles  an  Acineta, 


Flosculabia  proboscidea. — Case  cy- 
lindrical, hyaline,  gelatinous.  SetigerouB 
lobes  six,  with  short  cilia  surrounding  a 
ciliated  flexible  proboscis,  which  appears 
to  have  an  opening  at  its  extremity. 
Dujardin  thinks  this  proboscis  may  be 
notning  more  than  one  of  the  ciliated 
lobes  advanced  towards  the  centre.  Body 
ovate,  with  a  long  slrlifonn  peduncle 
attached  to  the  ba^  of  the  case ;  when 
extended,  the  bodv  and  part  of  the  foot 
are  protruded.  Found  upon  the  leaves 
of  JSattoma  pakutris.  Length  when  ex- 
tended 1-18":  case  1-36". 

F.  amaia  (Cercaria,  M.)  (xxxn.  384, 
385). — Case  or  envelope  hyaline;  very 
thin  at  its  upper  extremity ;  thicker,  and 
often  with  forei^  bodies  entangled  in 
it  inferiorly.  It  is  sometimes  very  slug- 
gish, but  at  others  moves  with  consider- 
able activity,  oft^i  contracting  itself  veiy 
quickly  within  its  case.  The  setigerous 
lobes,  according  to  Gosse,  are  not  the 
true  rotatoiy  organs:  **yet,"  he  says, 
"there  is  a  rotatory  organ  —  the  par- 
ticles of  floating  matter  revolving  m  a 
perpendicular  oval  within  the  mouth  of 
the  disc  Hence  I  conclude  that  the 
rotatory  dlia  are  set  on  the  inner  surface 
of  the  disc."  He  further  adds :  "When 
the  pencil  of  united  tufts  is  in  process 
of  ex]uuision  the  hairs  have  a  wavy, 
quivering  sort  of  motion,  but  when  ex- 
panded uiey  remain  perfectly  motionless. 
The  two  red  eyes  seen  in  the  young 
animal  ordinarily  disappear  in  the  adult ; 
but  Mr.  Gosse  has  occasionally  met  with 
such  specimens  in  which  they  were  still 
plainly  visible.  He  has  observed  the 
body  **to  be  lined  with  a  yellowish 
Tamilar  membrane,  which  does  not  ex- 
tend up  to  the  petals,  but  terminates  at 
the  neck  with  a  free,  very  mobile  edge, 
forming  an  irreg^ular  opening,  the  out- 
line of  which  is  constantly  cSanging  by 


the  contraction  and  expansion  of  the 
membrane.  The  opacity  of  this  lining 
renders  it  difficult  to  resolve  the  viscera." 
"Ehrenberg  sneaks  of  an  oesophageal 
head  above  tne  jaws;  but  I  can  see 
nothing  of  the  kind,  and  am  inclined  to 
think  he  may  have  mistaken  the  ever- 
contracting  opening  of  the  lining  mem- 
brane for  one."  Tnese  ftnimftlft  axe  very 
fond  of  Chiamidomonas ;  and  when  swal- 
lowing large  bodies,  such  as  Nameukgf 
they  contract  the  entire  body.  Ehr- 
enberg has  numbered  as  many  as  five 
ova  retained  within  the  diaphanous  case 
at  the  same  time.  Gosse  once  counted 
nine.  These,  as  is  also  the  case  in  MeU- 
certa,  are  generally  in  diflferent  stages 
of  development,  —  in  some  the  per- 
fectly-formed embiyo  bein^^  distinctly 
visible,  its  movements  and  its  two  red 
eyes  being  very  manifest  With  a  mo- 
derate pressure  Ehrenberg  burst  the  shell, 
which,  according  to  €k)sse,  is  calcareous : 
the  young  animal  crawled  out  with  a 
slight  vibratory  motion ;  the  cilia  were 
short  and  not  very  distinct.  In  the 
mature  animal  the  peduncle  is  truncate 
at  its  extremity.  Upon  CeratophyUutn 
and  similar  plants.  1-108".  In  xl.  25 
the  dorsal  aspect  of  the  jaws  is  repre- 
sented, and  in  26  their  frontal  aspect. 

Dr.  Dobie  writes  {A.  K  H,  Oct.  1849) : 
"  Ehrenberg  regards  the  Ihscularia  de- 
scribed and  flgured  by  M.  Peltier,  as 
identical  with  his  F.  ornata.  Both  Du- 
jardin and  Peltier  found  the  rotary  organ 
flve-lobed  in  the  species  observed  in 
France;  so  we  must  either  hold  with 
PritchiDrd  that  F,  omata  has  sometimes 
five,  at  others  six  lobes^  or  consider  the 
flve-lobed  species  a  variety  of  F,  omata. 

Mv  friend  Mr.  Hallet  writes  me  that 

he  finos  F.  omata  with  a  six-lobed  ro- 
tary organ  and  no  process." 


The  two  next  species  and  accompanying  remarks  are  taken  fr^m  a  paper 
by  Pr.  W.  M.  Dobie  {A,  N.  H.  Oct.  1849). 

F.   campamdata,  —  Case  diaphanous,  I  fringed  with  very  long  cilia  j  body  ovate, 
rotary  organ  with  five  flattened  lobes,  |  without  proboscis ;  tail  long,  and  termi- 
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nating  abruDtly  in  a  tranapai^nt  fila- 
ment, spreaa  out  in  a  kind  of  sucker 
at  the  point  of  attachment.  Length 
1-50"  when  extended.  Egg  with  two  red 
eye-spots;  contained  in  a  large  ovary. 
Found  near  Chesteri  on  CertiophyUufn 
and  ConfenrsB. 

F.  eortmta, — Case  short,  diaphanous, 
not  rexy  distinct ;  rotary  organ  furnished 


with  five  rounded  lobes,  surrounded  bj 
extremely  long  and  delicate  dlia :  a  ahor^ 
narrow,  non-ciliated,  flexible  procesB 
(comu)  is  attached  to  the  outside  of  one 
of  the  lobes.  Egg  with  two  red  eye- 
spots  ;  younf  animal  with  yibratQe  cuia 
on  the  heao,  and  rapidly  locomotiye. 
Length  1-40"  when  extended.  In  same 
locafity  as  the  preceding  (see  woodcuts). 


Fla$cularia  comuta,  Dobie. 


The  lobes  of  the  rotary  organ  of  F. 
comuta  resemble  very  much  those  of 
F.  omatay  but  only  five  exist,  while  in 
the  other  there  are  six.  According  to 
Ehrenbere  the  F,  campcmulata  is  gre- 
garious, whilst  F,  comuta  is  soHtaiy ;  the 
former  is  also  stronger  and  is  more  active 
than  the  latter. 


has  described  a  FloKuUtna 
under    the    name    of   F.  tmendindafn 

iZeiUehrift  fir  wi99ent€hafihcke  Zoclo^ 
ulyl864).  Mr.  Goese,  however,  beUeves 
this  to  be  identical  with  the  J^.  connda 
of  Dr.  Dobie. 
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nioricated  EotafezEy  having  the  dilated  wreath  divided  into  several  lobes 
or  sabdivisions. 

In  many  of  the  genera  distinct  striated  mnsdes  of  the  voltintaiy  type  exist, 
effecting  tiie  vaiions  movements  and  altering  the  form  of  the  body.  The 
nutritiYe  system  usually  consists  of  a  simple  conical  alimentary  canal  without 
a  distinctly  separated  stomach  (Coelogastiica) ;  but  a  pyloric  constriction  exists 
in  HydaHna^  some  Notommaia!,  and  other  forms.  Notommata  cUtwdata  and 
Diglena  laeustris  have  special  csBca  appended  to  their  stomachs.  Yariously 
modified  cellular  appendages,  supposed  to  be  glandular,  exist  in  aU  the  genera. 
The  ovarium  is  mostly  ovate  and  only  evolves  a  few  ova  at  a  time.  In 
Notommata  MyrrtuUo,  N.  clavuJata,  and  Diglena  lacustris  it  is  very  long.  In 
all  it  communicates  with  the  cloaca,  by  an  oviduct  of  vaiying  length.  The 
ova  vary  considerably,  and  belong  to  two  distinct  types,  respectivdy  termed 
the  summer  and  winter  ova.  The  former  have  a  smooth  sheU,  and  are  gene- 
rally regarded  as  mere  unimpregnated  gemmsB,  like  those  of  Aphides  amongst 
insects.  The  latter  are  hard,  and  often  spinous,  in  which  form  M.  Tarpin 
regards  them  as  constituting  the  genera  BurseUa  and  Eriihrindla  (?)  amongst 
plants.  It  is  amongst  the  membeis  of  this  group  that  many  of  the  interesting 
researches  of  Dalrymple  and  others  have  been  made,  demonstrating  the  exist- 
ence of  dioecious  animals.  Amongst  the  Eotifera  the  male  animals  of  Hydatina 
and  Atfplanchna  are  distinct  from  the  females.  They  are  generally  character- 
ixed  by  their  smaller  size  and  by  the  absence  of  digestive. organs — vindicating 
a  brief  existence,  during  which  the  vis  vitas  derived  from,  the  ovum  suffices  to 
sustain  the  animals  in  ftdfiling  their  several  functions.  According  to  Gohn, 
this  absence  of  an  alimentary  canal  in  the  males  does  not  characterize  the 
male  of  Notommata  parasitiea  (XXXIX.  8) ;  but  this  is  so  exceptional  to 
all  other  allied  discoveries  as  to  suggest  a  doubt  of  its  correctness:  at 
the  same  time,  we  have  scarcely  crossed  the  threshold  of  this  inquiry,  and 
want  the  materials  for  general  conclusions.  Water-vascular  canals,  variously 
modified,  exist  in  most  of  the  Hydatinsea.  The  frequent  association  of  the 
red  **  eye-spots''  with  a  subjacent  organ,  supposed  to  be  a  cerebral  ganglion, 
suggests  sensational  functions ;  but  no  true  nerves  occur. 

Some  spedes  of  Synchata  are  said  to  evolve  light  and  contribute  to  the 
phosphorescence  of  the  sea.  Hydatina  aenia,  Diglena  cateUina,  and  Triarihra 
are  sometimes  so  numerous  as  to  render  the  pools  in  which  they  reside  milky 
and  turbid. 

Ehienberg's  classification  of  this  fEtmily  is  given  at  p.  478,  Section  Soro- 
tzodia.  Division  Folytrocha. 

The  first  genus  (ENTEROPLEA),  established  to  receive  E.  kyalina,  has 
been  shown  by  Leydig  to  have  no  existence,  as  the  above  aninudcule  proves 
to  be  the  male  of  Hydatina  senta. 

Genus  HYDATINA  (XXXII.  894 ;  XL.  1, 2).— Eyes  absent.  The  female 
has  two  jaws,  consisting  of  several  teeth  and  a  forked  foot.  Locomotion  is 
effected  by  the  compound  wheel  organ  and  the  pincer-like  foot,  acted  upon 
by  oompl^  internal  muscles.  In  Hydatina  senta  the  sexes  are  distinct,  the 
EfUeropUa  hyalina  being  the  male  form. 

Hydatina  aenta  (  Vortieella  eenta,  M.) 
(xxxn.  394 :  xl.  1).— Body  of  the  female 
conicalt  hvaiine ;  rotary  orffan  consisting 
of  a  simple  external  wreath  of  cilia  sur- 
:  the  tnmcate  anterior  extremity 


of  the  £ody,  and  enclosing  at  tiie  back 


part  of  the  head  an  intemipted  row  of 
tofts  of  cilia  supported  on  small  hemi- 
spherical projections, — ^the  cilia  of  the 
latter  broader  and  longer  than  those  of 
the  extern^  row.  within  these  is  a 
thbrd  uninterrupted  line  of  cilia.    Neck 
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constricted  and  thrown  into  folds  or 
wrinkles  by  trsnsrerse  filamentous 
muscles,  hung  like  hoops  within  the 
integument,  to  which  Uohn  believes 
them  attached  only  by  a  few  interrunted 
points.  These  muscles  were  regardecL  by 
^renberg  as  TesseL».  The  contractile 
influence  of  these  and  similar  muscles 
occupying  the  lower  parts  of  the  body  is 
anta^nized,  according:  to  Leydig,  by  the 
elasticity  of  the  cuticle,  but  accoiding  to 
Cohn  by  the  pressure  of  the  compressed 
fluids  of  the  Dody.  Longitudinal  con- 
traction of  the  body  efiected  by  nume- 
rous muscles  proceeding  from  the  head 
backwards  to  the  centre  of  both  sides  of 
the  body  and  thence  to  the  foot.  Ehren- 
berg  counted  nine,  which  number  Cohn 
regards  as  correct.  The  latter  observed 
vacuoles  and  what  appeared  to  be  nuclei 
in  the  substance  of  the  muscles,  but  no 
transverse  strias.  Two  bodies  at  the  base 
of  the  toes  Ehrenberg  regarded  as  muscles 
moving  those  organs ;  but  Cohn  believes 
them  to  be  fflandular,  secreting  an  ad- 
hesive fluid  by  which  the  creature  at- 
taches itself  to  other  bodies. 

Digestive  canal  consisting  of  an  oral 
orifice  (tl.  1  a),  buccal  cavily,  pharyn- 
geal bulb  (1  c),  oesophagus  (1  a),  stomach 
(1  e),  intestine  terminated  by  a  doacal 


•ific 


orifice  at  1/,  and  gastric  glands.  The 
buccal  cavity  a  short  passage  from  the 
mouth  (la)  located  on  one  side  of  the 
head)  to  the  pharynx  (1  c),  which  is  large ; 
and,  according  to  Cohn,  a  muscular  mass 
invests  the  jaws,  which  are  complex 
and  not  easily  interpreted,  but  consist  of 
several  parallel  teeth  (julxvlu.  34)  ar- 
ranged m  two  sets  and  attached  to  a 
complicated  pyriform  organ:  respecting 
the  details  oi  their  form,  authors  difler. 
A  constricted  passage  (1  d)  conducts  from 
the  pharynx  to  the  stomach  (1  e),  which 
is  large  and  oblong ;  its  walls  are  saccu- 
lated, or  expandedinto  numerous  lateral 
pouches  or  pockets  opening  into  the 
cavity  of  the  stomach,  ihe  whole  lined 
by  delicate  cilia  (xl.  4).  A  narrow 
pylorus  separates  this  organ  from  a  short 
conical  intestine,  the  narrow  extremity 
of  which  terminates  at  the  cloaca  (1/), 
opening  near  the  posterior  extremity  of 
the  body  on  the  opposite  side  to  t^at  on 
which  the  mouth  is  situated ;  two  large 
pyriform  bodies,  supposed  to  be  glan- 
dular, are  suspended  by  narrow  peduncles 
on  each  side  of  the  pharynx. 

Connected  with  tne  cloaca  is  a  large 
contractile  vesicle  (1  ^),  frx>m  which 
ascend  two  water-vasciuar  canals  (1  f). 
convoluted  at  intervals  and  giving  off 


small  twigB  which  support  tremulous 
tags  (xi^  6).  Ovarium  a  large  pyriform 
sac  (1  A),  comiected  with  the  cloaca  by 
a  narrow  oviduct ;  it  consists  of  a  thin 
membrane  distended  by  a  granular  fluid, 
in  which  are  seen  numerous  genninal 
spots.  A  smaU  bodv,  sqjposed  to  be  a 
cerebral  ganglion  (ik),  is  situated  on 
one  side  of  8ie  oesophagus,  and  is  con- 
nected with  a  smaU  setigerous  groove  on 
one  side  of  the  neck  by  what  Cohn  be- 
lieves to  be  nerves.  Male :  The  Snte- 
roplea  hydatina  (xxxn.  393;  XL.  2)  of 
Enrenbeig  has  been  demonstrated  by 
recent  researches  to  be  the  male  of  Hy^ 
datina  setUa.  Like  that  of  many  other 
species  it  has  no  visible  digestive  cavity : 
in  general  form  it  doselv  resembles  the 
female,  but  is  much  smaller.  Its  repro- 
ductive oivans  consist  of  a  reisuctile 
penis  (xL.  8  a),  enclosed  in  a  fold  of  the 
cuticle  (6  c?),  the  opening  of  which  cor- 
responds with  that  of  the  cloaca  in  the 
female:  the  base  of  the  penis  is  sur- 
rounded by  a  gland  (6  6),  above  which 
is  the  large  oblong  testicle  containing 
spermatozoa,  by  the  side  of  which,  at  its 
lower  part,  are  two  small  vesicles  (Qc\ 
connected  with  the  penis,  and  filled  wiui 
numerous  large  granules,  xi..  3  r^ptre- 
sents  an  immatiire  ovum  of  Hydtmna 
serUa,  and  fig.  7  the  detached  sperma- 
tozoa from  the  male  animal. 

In  most  cases  the  female  fixes  itself  to 
a  spot  by  its  foot,  and  lays  several  ^gs 
upon  the  same  place,  one  after  aaotte, 
by  sudden  contractions ;  aometimes, 
when  it  is  going  to  lay  more  egss,  it 
returns  to  the  original  spot.  In  eleven 
hours  after  the  eggs  were  laid,  vibration 
of  the  anterior  cuia  was  observed,  by 
Ehrenberg,  within  them ;  and  in  twentv- 
four  hours  the  young  escaped  frtnn  ^e 
shell.  Many  of  the  ova  are  said  to  have 
a  double  shell,  and  leave  a  Inight  apace 
between  the  two  at  one  of  the  extremi- 
ties; similar  ova  are  found  in  other  Rota- 
toria, having  different  shapes.  In  theee 
double-shelled  ova  the  young  are  slowly 
developed.  Ehrenbeig names ih&ai  ''last- 
ing eggs,  or  vdnter  eggs."  xxxn.  394 
represents  an  animal  completelyimfolded, 
seen  from  the  ventral  surtace.  Theanows 
in  the  alimentary  canal  indicate  a  de- 
cussating or  circulating  movement  of  its 
contents,  produced  by  delicate  internal 
cilia,  and  must  not  lie  mistaken  for  the 
motion  of  Monads. 

H.  brachydactyla. — Cylindrical,  trun- 
cated anteriorly,  and  suddenly  att^iu- 
ated  at  the  base  of  the  foot ;  daws  sho^ 
On  HoUonia,  &c     1-144". 
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Dajardin  would  indade  in  the  genns  Hydaiina  several  Botatoria  diatributed 
by  Ehrenbeig  among  other  genera.  He  says :  <^  Notwithstanding  the  presenoe 
of  a  red  eye-speck,  we  mast  consider  as  HjdatinsB — 1.  Notammata  tuba  ; 
2.  N,  brackiama ;  3.  N,  trvpus ;  4.  N.  elavtdata,"  and,  thongh  doubtfully,  N. 
mcdgeray  for  this  species  in  form  resembles  a  true  Furcularia,  "  The  8yn- 
chcBtce  (£3ir.),  characterized  by  their  stiff  setffi  or  styles,  are  true  Hydatinas 
from  their  conical  or  campanulate  form,  if  their  jaws  are  really  pectinated ; 

but  if  not,  they  will  constitute  a  genus  apart The  Distemma  maximum, 

represented  by  Ehrenberg  with  pectinated  jaws,  and  placed  as  doubtful  by 
him  in  the  genus  Distemma^  characterized  by  a  double  eye-speck,  appears  to 
be  a  true  ffydatina.*' 

Genus  PLEUROTROCHA  (XXXTT.  395,  396).— These  have  no  eyes,  but 
possess  a  single  tooth  in  each  jaw,  and  a  furcate  foot.  The  rotary  organ  con- 
sists, not  of  a  simple  wreath  of  ciHa,  but  of  cilia  distributed  in  bundles  near 
each  other,  the  bundles  beiug  planted  in  muscular  cases.  In  P,  gibba  there  are 
two  muscles  for  moving  the  foot ;  and  in  all  the  species  the  globular  oesophageal 
head  has  four,  acting  upon  two  single-toothed  jaws  (fig.  396) ;  GBS<^hagus 
short ;  alimentary  canal  simple,  conical,  having  anteriorly  two  spherical  glands. 
The  anus  ia  at  the  base  of  the  foot,  upon  t^e  dorsal  surface.  The  ovary  is 
globular.  In  P.  leptura  a  contractile  vesicle  is  seen.  Organs  of  sensation 
are  not  satisfEictorily  known,  and  the  nervous  loop  in  the  neck  of  the  Hydaiina 
appears  wanting.     This  genus  is  not  admitted  by  Dujardin. 


Plefrotbocha  ffibba,  —  Truncated 
anteriody,  enlarging  from  the  front  to- 
wards the  base  of  the  foot,  where  it  ia 
suddenly  attenuated,  the  toes,  or  daws, 
short  and  tuijg^id^  near  the  mouth  is  a 
beak-like  prmection,  forming  an  under 
lip.  xxxn.  396  is  a  right  side  view; 
396  the  teeth  and  oesophageal  head  dis- 
sected out.  Found  with  Mydatma  bra- 
ekydactyla.     1-216". 

P.  eonsiricta.  —  Elongated,  conical, 
head  separated  by  a  stricture ;  front  ob- 
lique; toes  straight  and  slender.    This 


animalcule  is  venr  active  and  powerfuL 
Upon  CeraUphfl&im.    1-144". 

F.  kptura, — fiodv  turgid  in  centre^  front 
oblique;  foot  slender;  toes  thin,  slightly 
curved.     Amongst  Confenr®.    1-144". 

P.  renalis  (E£r.). — ^Elongate,  slightly 
constricted  in  front,  toes  ahoit,  fi^ntal 
portion  rather  oblique,  truncate,  pan.- 
creatic  glands  kidney-shaped  (reniform). 
1-240".    Berlin. 

P.  truncfUa  (Gosse). — Subcvlindrical; 
truncate  behind  above  the  foot;  toes 
short,  straight,  slender.     1-176". 


Genus  FURCULARIA  (XXXTU.  397,  398).— Frontal  eye  single;  foot 
forked.  Rotary  organ  compound.  Longitudinal  muscles  exist  in  F,  gibba, 
and  foot-muscles  in  three  species.  The  oesophagus  is  very  short,  its  head  has 
two  jaws,  single-toothed  (Monogomphia)  in  two  species,  but  not  in  the  others ; 
alimentary  canal  simple  (Coelogastrica),  conical,  with  two  ear-like  glands ; 
ovary  distinct,  except  in  F.  gibba,  which  has  only  a  contractUe  vesicle. 
Yeesels,  respiratory  tubes,  gills,  &c.,  are  not  recognizable.  The  eye  in 
j^.  Seinhardtii  is  placed  upon  a  brain-like  mass. 

Dujardin  has  the  following  remarks  on  the  genus  Furcularia : — ''  The 
genus  FurcuUtria,  one  of  the  most  numerous,  undoubtedly  requires  to  be 
divided  after  new  observations,  but  not  according  to  the  number  and  dis- 
position of  the  red  points,  as  has  been  done  by  Ehrenberg.  This  author  has 
indeed  distributed  some  Systolides,  which  appear  to  us  to  have  the  closest 
relations  in  form  and  mode  of  living,  into  eight  genera  "  (viz.  Pleurotrocha, 
Furcularia,  Notommata,  Scaridium,  Diglena,  Distemma,  EospTiorus,  and 
Theorus);  "but  many  of  these  are  purely  nominal,  and  require  a  rigid 
revision. 

"  The  following  are  the  principal  species  to  be  classed  with  certainty  among 
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the  Fnirculanm: — ^1.  F.  furcataa^Diglmui  eamdcOa  (Bhr.),  Diglma  ctq^UtOa, 
and  Furadaria  gradUi ;  2.  F,  marina,  of  the  same  aixe  and  form  as  tiie 
preceding,  but  marine,  and  dintingniahed  further  by  the  styles  of  its  tail, 
which  are  twioe  as  short,  and  bj  its  three-toothed  bat  acate  jaws,  resembling 
a  hook;  3.  F.  fbfxipafa,  placed  by  Ehrenberg  among  the  Diglena;  4.  F. 
grandi$»Diglena  grandu  (£hr.) ;  6.  F,  fyrficiday  with  which  most  also  be 
associated  Dittemma  forfkvla ;  6.  F,  eameuUiy  which  Ehrenberg  with  doubt 
refers  to  Diglma'f  aunta;  7.  F,  najoi,  to  which  belong  the  various  SytUn 
Ude$,  more  or  leas  like  Hydatina  in  their  olab-8hiq>ed  form  and  articulated 
tail,  such  as  Notommata  p^iromyzony  N.  naja$,  N>  gUba,  and  probably  also 
Eosphara  fiaja$,  E.  digttata,  and  E,  eUmgata  (Ehr.).  We  moreover  refer 
provisionally  to  the  genus  F\ireularia  several  other  SysioUdes  considerably 
dissimilar  in  form,  some  being  very  long,  with  two  veiy  long  styles,  of  which 
Ehrenberg  makes  his  Notommata  hngiseta,  and  N,  cequaUSy  and  his  genus 
Scaridium;  whilst  others  have  an  ovoid,  thick  body,  rounded  posteriorly, 
truncate  in  front,  and  with  a  short  oblique  tail,  which  Ehrenbeig  calls 
Notommata  myrmeleo  and  N,  syrinx. 

"  All  these  Furcularice,  except  F,  marina,  to  which  F.  BeinhardiH  of  Ehren- 
berg must  probably  be  added,  have  been  found  in  fresh  water ;  but  it  is  most 
likely  the  number  of  those  living  in  the  sea  are  much  more  numerous ;  and  I 
have  indeed  myself  met  with  three  or  four  distinct  species,  which  I  have 
fh>m  want  of  time  not  yet  described.'' 


FuRCULABiA  gibba, — Oblonff,  slightly 
compressed,  under  side  flat,  back  convex, 
toes  forked,  long  (styliform),  eqiud  to 
half  the  body;  the  eye  is  placed  upon  a 
nervous  gangHon  over  the  mouth,  clearly 
indicatii^  the  dorsal  sur&ce;  the  ova- 
rium has  generally  one  larve  and  ripe 
ovum.  The  movement  of  this  animal- 
eule  is  somewhat  slow.  Found  in 
green  water,  and  amongst  Gonferv«e. 
1-09". 

F.  Reinhardtii — Fusiform,  truncated 
in  front;  foot  elongated,  cylindrical,  and 
shortly  ftircate  at  the  end;  a  uight 
stricture  divides  the  body  and  h^uL 
xxxm.  897  represents  an  animal  ex- 
tended^  and  898  another,  contracted ; 
the  former  is  a  side  ([right),  the  latter  a 
back  view.    Parasitic  upon  Monopyxis 


iSerttdaria)  aemadata,  in  sea-watsr. 
-120". 

F.  For^leyla.  —  Cylindrical,  obtusely 
pointed  m  front,  rounded  and  dentated 
at  the  base,  on  tne  upper  side ;  the  toee 
very  long ;  the  rotaiy  organ  afipean  to 
have  two  frontal  clusters  of  cuia  near 
the  eye,  and  a  wheel-like  bundle  on 
each  side.    1-144". 

F.  graeHU, — Slender,  cylindrical,  sud- 
denly attenuated  at  the  base  of  the 
fttrcate  foot:  toes  straight^  long,  hot 
shorter  than  half  the  body.  The  rotwy 
organ  appears  disposed  on  six  muscular 
masses. 

F.  ccKa  (Gknse). — Cylindrical;  eje 
wanting,  or  not  discernible ;  toes  sloider, 
obtuse.  Length,  including  toes,  1-136". 
Leamington. 


Genus  MONOCERCA  (XXX  Til.  899-417).— Eye  single,  seated  upon  a 
ganglionic  mass,  cervical ;  foot  simple,  stylifbrm,  resembling  a  tail.  In  two 
species  the  vibratile  dlia  are  distributed  into  about  six  bundles,  their  band-like 
longitudinal  muscles  and  those  of  the, foot  producing  locomotion;  the  sides 
of  Uie  cesophageal  head  are  unequal,  as  also  the  two  jaws,  which  have  one  or 
two  teeth ;  the  cesophageal  tube  is  curved  and  long,  and  the  simple  alimentaiy 
canal  conical,  with  two  ear-like  glands  anteriorly.  An  ovary  and  a  con- 
tractile vesicle  are  evident.  In  two  spedes  a  tube  projects  frx>m  the  frontal 
region. 


MoNOCBBCA  BaUrn  {Trithoda  Rattm, 
M. ;  RaUuluB  earinaius,  Duj.). — Ovate, 
obong,  truncated  anteriorly,  and  un- 
armed ;  foot  styliform,  the  length  of  the 
body.    This  creature  swims  slowly,  in  a 


stiff  manner;  when  stationaiT  it  throws 
the  styliform  foot  backwards  and  for- 
wards. The  ovary  has  a  reddish  colour; 
behind  it  lies  a  roundish  contractile 
vesicle.    The  foot  has  a  short  base,  with 
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during  contractioii^  shows  four  muscular 
sheaths;  and  the  distinct  red  eye  is  placed 
upon  a  less  distinct  ganglion ;  the  oeso- 
pnaffeal  head  is  not  evident.     1-288". 

Bl.  brachyura  (Gosse). — Form  that  of 
M,  RaUmy  out  the  foot  short  (one-fourth 
of  total  length),  slightly  curved^  and 
horixontally  flattened ;  a  large  eye  in  the 
occiput,  cmd  another  tmaU  one  in  the 
breast.    Length,  including  foot,  1-136". 

M.  Porceiiis, — ^Thick  and  plump ;  foot 
short,  much  curved  and  hent  under  the 
hody,  dilated,  flattened  horixontally^  and 
carrying  a  smaller  spine  beneath  it  as  in 
a  sheatii;  front  and  chin  each  armed 
with  a  short  shaip  spine.  Length,  in- 
cluding foot,  1-110". 

M.  ^lat€t,  —  Short,  irregularly  oval ; 
foot  a  nearly  straight  spine,  less  than 
one-third  of  total  length ;  eye  large,  red, 
set  like  a  wart  on  the  back  of  the  occi- 
pital sac ;  forehead  conical,  pointed. 
Length,  including  foot,  1-170". 


a  cordate  internal  musele,  and  four  un- 
equal bristles.  Amcmgst  Confervn,  &c 
1-120". 

Mattigoeerta  earmata  is  regarded  by 
Perty  and  Bujardin  as  identical  with 
Monoeerca  BtAus,  Dujardin  identifies 
with  this  an  animal  he  discovered  and 
figured  (xxxviiL  22),  measuring  0*147 
millim.,  or  with  its  tail  0*29  millTm. 

M.  bieorms, — Ovate,  oblong,  truncated 
in  front,  armed  with  two  spines :  foot 
styliform,  a  little  shorter  than  the  ood^ ; 
the  oblique  oesophageal  head  exhibits 
delicate  transverse  coirugations ;  it  has 
a  bent  and  a  straight  jaw,  with  probably 
three  teeth  in  each.  (xxxm.  899,  an 
animal  seen  on  its  right  side ;  417  an- 
other, contracted,  and  having  its  rat- 
Uke  tail  bent)    1-72". 

M.(P)rafya  (VorUeeUa  txdga^  M.).— 
Small,  almost  cubical,  with  distinct  head, 
an  elevation  on  the  back,  and  a  conical 
foot  unequally  fori^ed ;  the  rotary  organ, 

GenuB  NOTOMMATA  (XXXHI.  416-421;  XXXVI.  8-6;  XXXVH. 
27-32 ;  XXXVin.26 ;  XXXIX.  8, 9).— These  have,  accordiiig  to  Ehrenbei^j, 
a  single  eye  upon  the  neck,  and  a  bisulcate  foot,  resembling  a  forked  tail. 
The  rotary  organ  compound,  its  cilia  forming  bundles  on  the  frontal  r^on. 
Eight  of  the  larger  species  have  numerous  muscles.  Of  Ehrenberg's  species 
ei^teen  or  nineteen  have  two  jaws,  each  famished  with  a  single  tooth ;  in 
eight  the  jaws  have  many  teeth.  The  oesophagus  is  mostly  short,  wilh  a 
simple  wide  conical  alimentary  canal  (Coelogastrica) ;  in  N,  tuba  only  is  there 
a  stomach-like  division,  with  a  constriction  (Gasterodela) ;  and  in  N.  Myr^ 
meleo,  N.  Syrinx,  and  N,  davuUUa  there  is  also  a  stomach-Hke  enlai^ed 
place,  but  no  constriction  (Gasterodela) :  csecal  appendages  are  observed  only 
in  N.  elavukUa.  The  two  ear-like  anterior  appendages  of  the  alimentary 
canal,  regarded  by  Ehrenberg  as  pancreatic  g^ds,  exist  in  twenty-four 
species.  N.  Syrinx  alone  was  observed  by  Ehrenberg  to  contain  fully- 
developed  ova.  The  water-vascular  system  is  represented  in  ten  species  by 
delicate  tubes,  with  flexible  and  tremulous  gills ;  only  three  of  the  smaller 
species  have  ^s.  In  N.  Myrmeleo  and  N,  Syrinx  a  broad  vascular  network 
is  distinct  about  the  head.  A  prominent  tactile  tube  in  the  neck  is  present 
in  four  or  five  species ;  in  some  others  an  opening  alone  is  seen.  The  visual 
point  is  red,  except  in  N.  Felis,  where  it  is  colourless;  a  ganglion  is  placed 
beneath  the  eye  in  twenty-six  species.  In  N,  Capeus  and  N.  eentrura  the 
brain  (?)  is  three-lobed,  and  placed  over  the  oesophageal  head ;  in  the  rest  it 
consists  of  one  or  more  nervous  gangUa,  situated  amongst  the  dHaiy  muscles 
of  the  frx>ntal  r^on.  This  genus  is  especially  remarkable  for  the  parasitical 
habits  of  its  members.  They  live  upon  other  Eotatoria,  upon  the  Polygastric 
Infrisoria,  and  even  within  tiie  globular  masses  of  Volvox  Olobator ;  ^<  but,'' 
says  Ehrenberg, ''  not  like  a  cuckoo's  egg  in  a  hedgesparroVs  nest,  but  like 
the  bear  and  the  bee-hive,  or  a  bird's  nest  in  a  wasp's  nest." 

Dujardin  has  the  following  criticisms  on  this  genus : — *'  Five  of  the  species 
appear  to  be  Eydatince ;  nine  others,  more  or  less  distinct,  are,  in  our  opinion, 
FurcuJaricB ;  three  others  Plagiognathi ;  some  are  imperfectiy  known ;  and 
only  six,  at  most,  offer  sufficientiy  precise  characters  to  retain  the  name 
NoUnnmcUa.     Such  are,  1.  N.  copeus,  2.  N.  eentrura,  3.  N,  brathyota,  4.  N. 
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eoUaris,  5.  N,  aurita,  and  6.  N.  ansaia.^*  To  these  species  most  be  added 
a  seyenth,  called  by  £hrenbeig  Cydoglma  Lupus,  and  an  eightby  wbich  ire 
distingaiHh  as  Notommata  vermicufaris. 

All  the  best  obsenrers  agree  that  the  genus  Notommata  requires  division, 
being  a  very  defectiye  one,  and  containing  the  elements  of  several  genera ; 
but  all  the  species  now  composing  it  must  be  subjected  to  a  very  careful  and 
individual  examination  before  such  a  division  can  be  made.  Until  this  is 
accomplished  we  retain  the  genus  as  adopted  by  Ehrenberg,  observing  that 
the  analysis  of  Ehrenberg's  views  respecting  it,  as  given  in  a  preceding  page, 
will  ultimately  require  many  modifications.  Some  species  have  already  been 
carefully  investigated  by  Gosse,  Perty,  and  Leydig. 


a.  Subgenus  Labidodon. 

Notommata  Myrmdeo, — Body  large, 
bell-shaped;  foot  short,  lateral;  teeth 
curved  in  a  circular  forceps-like  manner 
(xxxin.  420).  There  are  two  varieties : 
in  the  one  (var.  a),  a  long  thin  oesopha- 
gus, a  globular  thick  stomach,  and  along 
rectum  constitute  the  alimentary  organs. 
Ehrenbeig,  by  pressure,  made  an  ani- 
malcule, whose  dark  stomach  nearly 
tilled  the  body,  disgorg^e  two  large  spe- 
cimens of  Lync€%t8  minutus  (described 
and  fi^pired  in  the  Microscofic  Cabinet) ; 
the  ammalcule  afterwards  vibrated  away 
in  a  lively  manner.  Five  transverse  mus- 
cular bands  and  four  lonjritudiDal  ones 
(a  pair  uniting  to  each  of  the  first  two 
transverse  ones)  represent  a  muscular 
system  in  this  vanety.  In  the  other 
(var.  6),  a  distinct  muscular  network  is 
seen  at  the  head,  but  only  four  trans- 
verse bands  and  two  longitudinal  ones 
ffoing  to  the  first.  The  red  eye  is  much 
huger  in  this  variety,  (xxxm.  418,  a 
side  view  of  the  variety  b :  to  exhibit  its 
or^^ization,  a  small  Crustacean  is  shown 
within  its  stomach.  Fig.  420,  the  man- 
ducatory organs  separated ;  fig.  419,  the 
upper  part  of  an  animalcule,  var.  a,  show- 
ing the  smaller  eye,  rotary  organs,  teeth^ 
and  network.)  Found  in  clear  water,  in 
turf-hollows.     1-40". 

Notommata  Myrmdeo^  var.  muUieepSf 
according  to  Leydig,  presents  the  follow- 
ing features : — ^The  foot,  which  on  a  pro- 
file view  appears  given  ofi^firom  a  lateral 
surface,  projects  from  the  abdominal 
one.  The  rotary  organ  not  consisting 
of  separate  portion^  but  forming  a  con- 
tinuous wreath,  which  descends  towards 
the  mouth,  forming  an  apparent  fissure. 
On  the  free  surface  are  tour  unsymme- 
trical  lobes  bearing  larger  setiform  cilia. 
Cuticle  soft  and  min,  slightly  acted  on 
by  add,  which  renders  it  clearer ;  sub- 
jacent layer  granular  and  homogeneous. 
Maxillary  hc^  very  large.  €E)eophagus 
long,  thin,  folded  longitutinally.  Stomach 


— One  tooth  in  each  jaw, 

round,  with  ciliated  cells :  no  rectum 
beyond  the  stomach,  Ehrenbeig  beinff 
in  error  on  this  point;  d^ris  rejected 
by  the  mouth.  A  respiratory  can&L  pro- 
ceeds from  each  side  the  contractile  sac 
towards  the  head,  beinff  much  convo- 
luted and  enveloped  wim  cell-like  cor- 
puscles; a  second  smaller  pair  follows 
a  similar  course,  joining  the  laiger 
near  the  maxillary  bulb.  The  smaller 
have  not  granular  walls,  but  support 
numerous  tags,  which  are  absent  from 
the  larger  canals.  Two  bands  proceed 
backwwls  from  the  cerebral  ganglion  to 
a  couple  of  fossfe  on  the  dorsal  surfiice, 
frirmsned  with  a  bundle  of  setse.  Eye- 
speck  dark-red  or  black.  Ovary  present- 
ing two  horns,  forming  an  organ  like  a 
horseshoe,  the  oviduct  opening  at  the 
base  of  the  taiL  Winter  ova  spherical, 
bristly,  with  a  light  cortical  layer  con- 
taining dear  vesides. 

N.  Syrinx, — ^Laige,  bell-shaped ;  lateral 
foot  scarcely  visible :  teeth  curved  and 
bifid  at  the  points.  This  spedes  is  t^ 
similar  to  the  former,  and  only  distin- 
guished from  it  bv  its  small  foot  and 
by  the  spaces  within  the  cilia-duster 

J  mouth)   being   convex,    not   concave, 
i'ound  m  a  turf-pool.    1-40^. 

N.  AypeMma.— Bell-shaped,  nearly  glo- 
bular, rather  laige;  foot  sli^tly  pro- 
minent at  the  middle,  teeth  small ;  viora- 
tile  organ  composed  of  four  or  five 
muscular  bundles :  oesophagus  very  shcnrt 
1-72". 

N.  oarasita  (xxxix.  9). — Small^  oval ; 
foot  snort,  teeth  small;  rotary  apparatus 
three  or  four  lobes;  oesophafleal  head 
globose:  oesophagus  short;  aLimentanr 
canal  stout,  simple,  usually  fiJled  with 
green  matter.  This  cnrious  animalcule 
Bves  in  the  globes  of  Volcox  GlobatOTy 
where  it  deposits  its  eggs,  which  are 
therein  hatched;  and  when  of  prop^ 
age,  the  creatures  eat  their  way  out 
through  the  hollow  sphere.     SSummer 
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ova  large,  mnooth :  winter  oTa  spinouB. 
1-40". 

According  to  Cohn,  the  male  of  this 
epedes  (xxxix.  8)  is  a  small  Botifer 
1-20"'  in  length.  Body  short  and  sac- 
cular ;  two  short  toee,  usually  retracted ; 
head  distinguished  hy  a  8]ight  excava^ 
tion,  and  with  an  ear-like  lappet  on 
either  side ;  rotary  organ  fnmishea  with 
some  stout  uncini,  in  addition  to  the 
fine  cilia;  phaiynx  cylindrical^  contain- 
ing two  scalpel-like  teeth^  which  can  he 
extended  h^ond  the  mouth:  stomach 
separated  from  the  intestine  oy  a  con- 
striction. A  contractile  vesicle  aboye  the 
fool^  but  water-canals  scarcely  yisible. 
A  cerebral  ganglion,  resembling  a  long 
sac,  within  the  head,  and  bearmg  a  red 
speck  at  its  anterior  extremity.  Males 
and  females  usually  existing  in  the  same 
V<3k)ox,  We  have  considerable  doubts 
respecting  the  correctness  of  the  above 
account  since  it  differs  so  widely  from 
what  has  elsewhere  been  olwerved 
amongst  such  male  animals  as  have 
hitherto  been  discovered  amongst  the 
Kotifera.  The  absence  of  a  complete 
alimentary  canal  has  hitherto  character- 
ized all  male  Kotifera.  (The  female  is 
repreeented  alter  Cohn  in  xxxix.  9.) 

N.  peiromyxon.  —  Elongated,  attenu- 
ated at  both  ends;  mouth  and  rotary 
organ  lateral.  £hrenben[  says,  in  May 
1^5  he  found  one  in  a  Volvox  Ohbator, 
whoee  gemmiferous  masses  it  eats  like 
N.paratiHca,  The  eggs  are  often  de- 
posited on  J^n«fy/».    1-180"  to  1-144". 

N.  lacmulata  \Vorticdla  (surieulaia  et 
arcmuUda,  M.).  —  Small,  conical,  trun- 
cated and  slightly  lohed  in  front ;  teeth 
extended,  often  bicuspid.  Alimentary 
canal,  according  to  Leydig,  clearly  sepa- 
rable into  a  greenish  yellow  stomach 
and  a  clear  intestine.  This  species  is 
very  active.  Found  with  CMarmdomonoB 
Ihavisculus  in  clear  water,  also  in  water- 
tubs.     1-280". 

"S./orcipata, — Small,  elongated;  toes 
long,  and  often  crossed ;  eye  very  large. 
The  yibratile  organ  appears  sometimes 
like  a  simple  wreath.  Amongst  LemnsB. 
Very  common  in  Switzerlanc^  according 
to  iFerty,  but  with  a  small  red  eye-speck 
instead  of  a  large  pale  one,  as  descnhed 
by  Ehrenberg.     1-180". 

N.  eoBaris. — Elongated^  large,  gradu- 
ally attenuated  at  both  ends ;  neck  tur- 
gid; toes  short  It  swims  slowly,  the 
yibratile  organ  being  small  in  comparison 
with  the  body.     1-48". 

N.  Wemeeku, — Elongated,  flpmdually 
attenuated  at  both  ends ;  toes  snort.    It 


has  two  set®  near  the  mouth.  This 
animalcule  resembles  N,  eoUans,  but  is 
smaller,  and  lives  in  the  club-like  ex- 
crescences of  Vaueheria  as  an  entophyte. 
1-90 '. 

N.  Najoi, — Conical,  cylindrical,  stout, 
truncated  in  front ;  no  auricles.  It  re- 
sembles Hydatma  senta  and  Eotphora 
Naja» ;  it  is  distinguished  from  the  first 
by  ito  cervical  eye,  frt>m  the  latter  by  the 
want  of  frontal  eyes.  Amongst  Lemnae. 
1-120". 

N.  awnia  (xxxvi.  8-6).— Described  by 
Mr.  €k)sse  as  cylindrical,  but  frequently 
pyrif orm.  Head  obliquely  truncate,  belly 
nearly  straight,  posterior  extremity  pro- 
duced into  a  retractile  foot  ^xxxvi.  4  K) 
with  two  pointed  toes,  wnich  organ, 
being  antenor  to  the  cloaca,  is  not  a 
tail.  An  oval  mark  on  each  side  of 
the  head,  from  which  the  animal  can 
suddenly  project  a  semiglobular  lobe 
by  evolution  of  the  integument  (xxxvi. 
4  a),  each  lobe  fringed  with  cilia,  form- 
ing a  locomotive  organ ;  fringe  of  cilia 
extending  across  the  front  of  the  face 
as  far  as  the  constriction  of  the  neck. 
Maxillary  bulb  or  gizzard  (4  6)  large, 
oval,  nearer  the  ventral  than  the  dorsal 
side,  having  imbedded  within  it  a  pair 
of  coxnplex  jaws  (xxxvi.  6  •).  A  auct 
leads  ^om  the  maxillary  bulb  to  the 
continuation  of  the  alimentary  canal, 
which  is  wide,  subcylindrical,  tapering 
towards  the  anus,  not  divided  by  any 
constriction,  but  at  once  stomach  and 
intestine ;  walls  thick,  probably  cellular. 
Cloaca  between  the  projecting  point 
(xxxvi.  3)  and  the  foot  Ovary  large, 
occupying  the  ventral  region;  some- 
times long  and  dear,  containing  trans- 
parent globules  (4/),  at  others  gra- 
nulated (xxxvi.  8).  A  large  developed 
egg  (4o)  often  occupying  a  great  por- 
tion of  the  abdominal  cavity.  Eggslarge, 
covered  with  short  flexible  spines.  Male 
unknown.  Water-vascular  system  con- 
siBting  of  two  sets  of  tortuous  vessels, 
commencing  at  the  cloaca  (6  a)  and 
terminating  at  the  head,  and  bearing 
tremulous  tags.  Parallel  with  the  oeso- 
phageal bulb,  but  nearer  the  dorsal  sur- 
uuse,  IB  a  large  lobulated  subglobose 
mass  of  dense  matter  (4^),  white  by 
reflected  light,  but  opaque  and  hence 
appearing  black  by  transmitted  light, 
occupying  the  bottom  of  a  deep  cylin- 
drical sac  A  tube  runs  through  the 
centre  of  this  sac  towards  the  rotary 
organ,  ^'on  which  it  opens,  or  at  leai<t 
impinges"  (Leydig).  As  this  opaque 
mass  supports  the  eye-spot,  Gosse  i-e- 
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gards  it  as  oerebnd.  Muaeolar  sjstem. 
oomj^ex  (zxxvi.  6.  6).  Six  or  seven 
muscles  are  circular  and  transrerse 
Od  t)  'f  others,  arranged  longitudinally 
(61),  are  attached  to  yarious  internal 
Tiscera  and  to  the  integument.  Some  go 
to  the  occipital  sac,  others  to  the  gixsard 
and  to  the  foot,  effecting  various  motions 
in  all  these  organs.  Gosse  observes,  <<  It 
commonly  keeps  the  ear-Uke  lobes  con- 
cealed -whilst  crawling,  but  will  often 
suddenly  protrude  them,  and  in  the  same 
instant  shoot  off  through  the  water  with 
considerable  rigidity  and  with  a  smooth 
gliding  motion,  partiallj  revolving  on 
the  lonfptudinal  axis  as  it  proceeds.^' 

Leydig  observes  that  the  alimentaiv 
canal  consists  of  two  portions — stomach 
and  intestine.  1-70".  Amongst  Con- 
fervas, &c.;  also  beneath  ice.    (zxxvi. 

a.7.) 

N.  ffMa, — ^Back  swollen,  front  trun- 
cated, not  anrided,  no  cerebral  sacculi 
below  the  eje;  toes  short;  the  vibratile 
organs  compound.  In  old  exposed  in- 
fusions.   1-200". 

N.  ansata  {VortieeOa  aunta,  M.).— 
Turgid  in  the  middle,  suddenly  trun- 
cated at  both  ends ;  the  front  aurided, 
no  cerebral  sacculi  below  the  eye ;  toes 

b.  Subgenus  CrEiroDoir. 

N.  chvuiata, — ^Bell-shi^ed ;  foot  coni- 
cal, very  short;  pancreatic  glands  of  a 
club-shwe.  Tlus  creature  presents  great 
frtdlity  for  observing  its  internal  struc- 
ture ;  but  the  limits  of  this  work  preclude 
details.  Mr.  Gosse  kindly  infonns  us 
that  he  has  distinctly  seen  in  it  a  nor- 
mal intestine  tenninating  in  the  doaca. 
1-96". 

N.  Iktba,  —  Conical,  trumpet-shaped, 
dilated  anteriorly ;  foot  furcate  and 
acute.  It  resemoles,  in  form,  Stentor 
MiiUeriy  but  is  more  active.     1-120". 

N.  BraeMomu. — Dilated,  nearly  square, 
dei>res8ed,  foot  slender,  eggs  pendulous. 
This  creature  appears  to  nave  a  shell, 
but  Dr.  £.  says  it  has  not.  Ehrenberg 
described  his  N,  granulans  as  depositing 
its  eggs  upon  N,  Brachiomta,  whence  he 
concluded  that  the  former,  like  the 
cuckoo,  left  its  young  to  be  reared  by 
another  creature.  He  found  that  some  of 
the  eggs  on  the  dorsal  sur&ce  of  iV.  Bra- 
ekUmua  produced  K  granulans.  Ley  dig 
solves  the  mystery  by  affirming  that  the 
latter  spedes  is  the  male  of  the  fonner, 
the  animal  in  this  case  being  bisexual, 
not  hermaphrodite.     1-96". 

N.  ^jptM. — OvaL  subtruncated,  and 
slightly  aurided  in  front    Dark  red  eye- 


Jdd.I»bog.w.*«,«n«^Confl^ 

N.  deapimu.  —  Cylindrical,  not  an- 
rided; toes  short;  the  ovarium  often 
contains  four  large  eggs.  Perty  thinks 
this  is  only  the  young  of  some  other 
spedes.    1-180". 

N.  (P)  JPeftii.— Small,  dender :  one  horn 
in  front;  eje  cdouriess;  back  attenu- 
ated postenoriy,  and  forked.    1-240". 

N.  (?)  Tigris  (IHaoda  Tfym,  IL) 
(xxxiiL  421). — CylinoricaL  curved,  foot 
half  the  length  of  the  body ;  toes  very 
long,  and  curved  downwards;  it  lias  a 
little  horn  in  fr(mt ;  the  eye  is  large  and 
red.  Perty  has  found  many  exam^ea 
without  the  red  eye.  Anumgat  Oscil- 
latorin.    1-72". 

N.  Imaiseta  {VwUceOa  longueta^  ^). 
— Cprlindrical,  truncated  anteriorly ;  toes 
styliform,  unequal,  and  two  to  four  timss 
longer  than  the  body.  It  is  active,  and 
frequently  leaps,  being  assLsted  by  its 
long  claws,  which  resemble  tails,  fig. 
421  is  a  full-grown  spedmenu  Entire 
length  1-60". 

N.  €&quaiii  (VartieeOa  Umgiaela,  M.). 
— Cylindrical,  obtuse  in  front ;  toes  sty- 
liform, equal  the  length  of  the  bodnr. 
1-120". 

, — Jaw$  many 'tootled. 

speck  with  three  chalky  masses,  giving 
tne  organ  a  trilobed  appearance.  Foot 
apparently  trifid,  but  not  really  so,  the 
central  lobe  being  only  the  pndcmged 
back  of  the  animal    1-200". 

N.  Boedgera, — ^Elongated,  cylindrical, 
attenuated  posterioriy ;  foik  short  It 
has  a  curious  internal  pouch  beneath  the 
eye,  with  a  group  of  rounded  vesidas 
in  front  of  tne  stomach,  recalling,  as 
Perty  observe^  the  pretended  agglome- 
ration of  eyes  m  Tkeorus, 

N.  Oopeus. — ^Large,  attenuated  at  both 
ends;  tail  small  and  indurated.  This 
curious  creature  has  a  long  bristle  on 
each  side  of  its  body;  and  on  each  side 
of  the  head  a  stout  process,  called  by 
Ehrenberg  an  auride,  ninged  with  vibra- 
tile cilia  at  its  ends,  and,  like  the  sets, 
standing  out  at  right  angles  to  the  body; 
a  thick  gelatinous  subeSanoe  covers  the 
body;  the  back  terminates  in  a  some- 
what hard  point,  which  is  a  true  tail, 
between  which  and  the  foot  the  dis- 
charging opening  is  situated.  When 
creeping,  the  la^  vibratile  arms  are 
withdrawn,  but  it  vibrates  with  the 
frontal  cilia  and  probosds.  ^xxxin.  416 
represents  the  creature  extended.^  1-36". 

r^.  oentrura  (xxxvin.  26).--Body  laige, 
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attenuated  at  both  ends.  Usually  tur- 
roonded  by  a  broad  gelatinous  sheath, 
either  hyaline  or  filled  with  small  ad- 
cular  bodies.  According  to  Ehienberg, 
in  this  sheath  yegetate  threads  of  JSy^ 
droeroeUj  but  these  could  not  be  found 
by  Lejdig.  Sheath  wanting  in  young 
specimens.  Cuticle  thick,  solulue  in 
caustic  potass.  Behind  the  middle  of 
the  body,  on  each  side,  is  a  small  conical 
eminence  (xxjlviu.  26  6) ,  surmounted  by 
a  bunch  or  long  set8B.  Rotary  organ  pe- 
culiar, differing  from  Ehrenberg's  repre- 
sentation. Anterior  ciliated  extremity 
small  compared  with  the  size  of  the 
animal ;  yentral  portion  (fig.  26  d)  nro- 
longed  in  the  form  of  a  half  canil  or 
srooye,  constituting  a  kind  of  under  lip. 
At  the  base  of  this  is  the  mouth,  com- 
municating with  the  maxillary  bulb  and 
oesophagus,  and  opening  into  a  stomach 
with  wuls  composed  of  large  cells  (fig. 
26/),  beyond  which  is  a  restriction 
separating  it  from  the  rectum  (fig.  26  at). 
Three  sac-like  orpns  (fig.  26  ^  e)  on  the 
hinder  border  of  the  brain  (fig.  26  k) : 
the  centre  one  composed  of  clear  y esides 
(fig.  26  e),  the  outer  two  apparently 
sometimes  continuous  with  the  cerebral 
ganglion.  They  are  granular,  nucleated, 
and  anparent  with  some  inorsranic  mat- 
ter, which  is  white  by  reflect^  and  dark 
by  transmitted  light  Oyary  (fig.  26  o) 
transy  ersal ',  Perty  saw  only  wmtor  oy  a 
in  it.  (xxxyn.  SJo  exhibits  a  small  por- 
tion of  the  oyaiy  in  which  an  oyum  is 
fovming, — a  being  the  germinal  spot,  b  a 
dear  space  suixoundi^  it,  ana  e  the 
yelk-suDstance.  xxxvuu.  11.  represents 
a  small  portion  of  the  water-yascular 
canal  witn  its  tags,  and  fi^.  12  the  ter- 
mination of  a  t^  with  its  contained 
dHum.) 

N.  braehyota, — Small,  slightly  attenu- 
ated towards  the  ends ;  no  tai(  aurides 
yery  small ;  it  has  two  dark  spots  near 
the  eye;  foot  forked.     1-120". 

N.  Fteurotroeha, — Slender,  cylindrical, 
not  aurided;  foot  with  yery  short  toes; 


eye  obscure,  oyate,  large;  iaw  with  one 
tooth.  1-144".  Berlin.  Has  the  form 
of  Heitrotroeha, 

"N,  vermumlariB  (Duj.). — Vermiform, 
yery  contractile ;  of  yanaUe  form,  with 
a  kidney-shaped  red  epeck  (xxxym.  3d), 
in  which  is  partly  imbedded  a  white 
transparent  globule.    1-118".   Found  in 

N.  tardigrada  (Leydi^)  would  be  re- 
ferable to  the  genus  Lmdia  (Duj.),  had 
not  its  author  made  the  absence  of  dlia 
from  the  head  a  generic  character.  Fi- 
gure yermiform,  rounded  in  front,  pro- 
longed behind  into  a  short  biundnate 
foot.  Mouth  a  long  fissure  on  the  under 
side  of  the  head,  which  is  dothed  wi^ 
short  and  delicate  dlia,  the  only  part  of 
the  head  so  famished.  Maxillary  bulb 
capable  of  being  protruded.  Dental  f^ 
paratus  recalling  to  mind  that  of  Eckimu, 
CEsophagus  long,  resembling  that  of  N. 
eenirura,  Stomadi  long,  yellow,  with- 
out cilia  on  the  free  surfisuses  of  its 
parietal  cell&  Intestine  short  and  dear, 
opening  at  the  base  of  the  foot  on  the 
abdominal  surface.  Contractile  sac  yi- 
sible.  nying  off  traces  of  two  water- 
canals,l)ut  without  yibratile  tags.  Aboye 
the  mazillaiy  bulb  the  ^'  sacculus  cere- 
bralis  "  of  Ehrenberg,  white  by  reflected 
and  black  by  transmitted  fight,  and 
soluble  in  Uquor  poUusa* 

N.  roaeola  (Perty^* — Body  of  a  pale 
rosy  red,  elongated,  rounded  in  mmt. 
Rotary  organ  mrminff  a  cylindrical  pro- 
cess on  each  side  of  the  head.  Cfohn 
sugffests  that  the  animal  may  be  identical 
with  his  Xiiufta  toni/oMk 

N.  omaeifomm  (Perty). — ^Body  broad 
like  an  Omscus,  with  a  round  lappet  on 
each  side  of  tne  head.  Jaws  strong, 
many-toothed;  tul  flat,  rather  long. 
Entire  anterior  extremity  capable  of 
being  retracted.  An  ear-uke  lappet  on 
each  side  of  the  head^  between  which 
are  seen  the  yibratile  cilia.  No  alimen- 
tary canal  seen  beyond  the  maxillary 
bulb.    Amongst  ConfenriB  and  Char». 


QeaoB  SYNCBLETA  (XXXIII.  422).— Eye  single,  cervical ;  rotary  organ 
of  six  to  ten  lobes,  and  armed  with  tvom  two  to  four  styles ;  foot  Aircate. 
The  strong  styles,  or  bristles,  are  situated  between  the  dusters  of  dlia,  and 
probably  act  as  tactile  oi^;ans ;  the  body  is  yery  short,  broad  anteriorly,  and 
tapers  to  a  point  posteriorly,  or  is  conical.  Internal  longitudinal  muscles 
e:ast  in  all  the  spedes ;  those  of  the  foot  are  seen  in  three  spedes :  the  oeso- 
phi^geal  bead  is  large,  with  single-toothed  jaws ;  but  in  two  spedes  only  is  the 
whole  chewing  apparatus  distinctly  seen.  The  thin  oesophagus  is  long  in  two 
spedes,  short  in  the  rest;  it  leads  to  a  simple,  wide,  conical  alimentary 
canal,  which  has  two  roundish,  or,  in  one  spedes,  conical  pancreatic  glands. 


Digitized  by  VjOOQ IC 


QS6 


ST8TEKATIC  HI8T0RT  OF  THE  DTFUSORIA. 


The  ovary  is  rolled  up  like  a  ball ;  contractile  vesicles  exist  in  three,  and 
glands  in  two  species;  transverse  bands  (four  to  ten)  are  visible  in  two 
species,  and  probably  a  respiratory  tube  in  8.  pectinata  and  8,  iremula,  a 
tremulous  gill  being  also  present  in  the  former.  The  principal  nervous  matter 
is  a  knotty  mass  surrounding  the  head  of  the  oesophagus ;  and  in  the  middle 
of  it  is  a  large,  roundish,  red  eye.  In  8.  pectinata  three  pair  of  ganglia  and 
strong  nerves  are  also  said  to  be  seen ;  but  this  is  doubtful.  Abdominal  fluid 
of  a  reddish-yeUow  colour.  (For  remarks  on  the  genus,  see  HYDATDf  a,  p.  677.) 

tion  of  light  from  this  S^/nchata,  as  did 
Baker  a  century  ago.  Ehrenber^  thinlra 
it  takes  place  only  when  developmg  ovi. 
1-100". 

8.  oblonga, — Oblong,  with  six  rotary 
clusten,  and  four  s^Ies ;  crest  sessile  and 


Stnchjbta  pectinata, — Shorty  conical, 
with  two  styles  and  two  crest-like  horns 
anteriorly.  ''Are  these  horns,"  asks 
Ehrenberg,  "respiratory  tubes,  as  in 
Pblyarthra,  and  in  AmtrtM  P"  The  live- 
liness and  uniform  transparency  of  this 
animalcule  render  it  difficult  to  distin- 
guish its  various  organs.  The  styles 
arise  from  the  muscle  of  the  oesophageal 
head,  and  appear  asif  belonrag  to  simple- 
toothed  jaws.  Eye  blue.  Egg-yelk  con- 
taining heaps  of  led  fat-globules,  (xxxm. 
422,  a  dorsal  view  showing  its  oimiiza- 
tion.)    Amongst  Conferv«e.    l-l50". 

S.  -Bfl^(ca.--Ovat»  j  rotary  clusters 
and  styles,  four  each ;  crest  single,  sessile. 
This  creature  is  supposed  to  occasion 
phosphorescent  light  m  the  ocean.  In 
two  samples  of  water  received  by  Ehren- 
bei^  at  Berlin,  frx)m  Kiel,  the  luminous 
property  existed  j  but  this  species,  though 
present,  did  not  evolve  any  light  Mi- 
chaelis,  however,  has  noticed  the  produc- 


single.  Distinguished  fit>m  the  follow- 
ing by  the  form  of  the  pancreatic  fflands. 
Amongst  Confervas  in  spring.  Length 
about  1-100". 

S.  tretnula  (VortteeUa  tremula,  M.).— 
Body  truly  conical,  with  six  rotary  dus- 
ters, four  styles ;  crest  none ;  granules  of 
yelk  dark  coloured.  Lengrth  sbovit  1-160". 
Mr.  Qoese  thinks  this  may  be  a  dioecious 
species. 

S.  mordax  (Gosse).  —  Body  conical, 
subventricose;  toesminute;  anndeslarge, 
pendent ;  principal  styles  four,  the  lar]^r 
(or  lateral)  pair  sometimes  branched ;  eye 
rather  small,  brilliant ;  two  pairs  of  pro- 
trusile  snipping  jaws.     1-72^'. 


Genus  SCARIDIUM  (XXXIH.  423).— Eye  cervical,  single,  flat,  lenticular, 
the  compound  rotary  oigan  armed  in  frx>nt  with  an  undnus  or  hocked  bristle ; 
foot  forked,  very  long,  and  adapted  for  leaping  or  springing — Whence  the  name. 
G^phageal  head  oblique,  with  unequal,  double-pointed  (single)  teeth  to  the 
jaws ;  oesophagus  short,  narrow,  opening  into  a  simple,  wide,  conical  alim<m- 
tary  canal ;  supposed  glands  spherical,  two.  Posteriorly,  above  the  intestine, 
are  a  ball-like  ovary  and  a  contractile  vesicle.  The  foot  has  two  dub-shaped 
musdes ;  and  its  apparent  articulations  are  very  remarkable.  A  central  gan- 
glion exists  between  the  rotary  lobes.  Musdes  with  transverse  strise.  ^ell 
of  the  ovum  (winter  ovum  ?)  dothed  at  both  ends  with  scattered  hairs. 

skin.     Behind -the  eye  is  a  transverse 


ScARiDiUM  Umgicauda  (Trichoda  hngi- 
cauda,  M.).— Foot  twice  as  lonjB^  as  the 
body,  toes  half  as  long  as  the  mot ;  the 
animfd  springs  or  leaps  quickly,  by  a 
rapid  movement  of  the  foot ;  it  does  not 
appear  to  have  a  lorica,  and  is  distin- 
fl^uished  from  all  other  Rotatoria  by  the 
length  and  bendin^-in  of  the  foot,  which, 
as  also  the  body,  is  covered  wi^  a  stiff 


fold  in  the  neck,  where  the  head  draws 
itself  into  the  body ;  the  foot  has  also  a 
transverse  fold  when  it  bends.  ^xxxnL 
428,  the  animalcule  extended,  right  side ; 
fig.  424  the  oesophageal  head,  with  un- 
equal jaws,  &c.,  extended  by  pressure.) 
Amongst  OscillatoriiB.  Entue  length  odT 
thebody  1-72";  without  the  foot»  1-216". 


Genus  POLYARTHRA  (XXXIII.  400-402 ;  XXXVni.  30).— Eye  single, 
cervical ;  foot  absent ;  provided  with  cirri,  or  pectoral  fins.  The  rotary  organ 
consists  of  four  bundles  of  cilia,  inserted  in  as  many  muscular  sheaths ;  they 
sometimes  appear  like  the  double  rotary  organ  of  a  Braehionus,  The  form 
pf  the  body  resembles  Anurofa ;  but  it  is  soft,  and  the  rotary  organ  double. 
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Laterally  tbero  arc  two  longitudinal  dorsal  muscles ;  the  frontal  region  has 
little  boms,  provided  with  bristles ;  and  upon  the  breast  are  six  strong  styles, 
or  barbs,  forming  two  clusters,  which  move  in  a  fin-like  manner,  llie  oeso- 
phageal head  has  two  single-toothed  jaws;  oesophagus  short;  alimentaiy 
canal  with  a  stomach-like  division,  produced  by  a  constriction;  supposed 
pancreatic  glands,  two.  An  ovary  exists  in  both  species,  and  in  one  of  them 
a  contractile  vesicle ;  a  large  frontal  ganglion  and  a  round  red  eye  indicate 
the  S3r8tem  of  sensation. 

The  preceding  genera  of  this  family,  together  with  two  peculiar  to  himself^ 
viz.  Plagiognatha  and  Lindia,  form,  in  ti^e  system  of  Dujardin,  the  family 
Floscuboiens ;  but  the  genus  Polyarthra  and  a  few  others  in  this  flEunily  of 
Ehrenberg  belong  to  the  Brachioniem  of  that  author. 

From  the  remarks  of  the  French  naturalist,  it  is  to  be  inferred  that  he 
regards  the  distinction  between  Polyarthra  and  Triarthra  as  insufficient. 


Voj:T[AB.rsRK  pkUyptera  (xxxvm.  80, 
also  xxxni.  40CM02  &  426).  —  Ciliary 
wreath,  according  to  Pertv,  not  as  de- 
scribed by  Ehrenberg  and  Dujardin,  but 
continuous  and  ^pmnetrical,  with  two 
eminences  crowded  by  setie,  besides 
which  are  several  long  styliform  cilia. 
Near  the  posterior  end  of  the  body  are 
two  fossae  with  nnsymmetrically  arraoged 
setsB  extending  from  them.  Xlimentary 
canal  consiBting  of  a  conical  oesophageal 
bulb,  stomach,  and  intestine.  Stomach- 
ceUs  ciliated;  contractile  sac  present, 
but  no  water-vascular  system  seen ;  lon- 
cntudinal  muscles  striated;  abdominal 
fluid  yellowish-red ;  ovary  somewhat  bi- 
comate ;  yelk  of  ovum  with  large  reddish 


fat-globules.  No  winter  ova  seen.  Em- 
biyo  with  bluish  spots.  Ova  adhering  to 
the  exterior  of  the  bcxhr ;  only  one  seen 
at  a  time  (Leydig).  It  swims  quickly, 
and  often  leaps,  like  the  water-flea:  tlus 
last  motion  is  produced  by  the  fins  or 
pinnse,  the  former  by  the  vibratile  organs. 
rFijgfs.  400,  401,  &  425  represent  the  P. 
Trigla  of  authors;  but  Leyaig  has  decided 
that  it  is  identical  with  P,  platyptera. 
Fig.  425  the  under  side  while  the  ani- 
mdcide  is  swimming,  with  the  pinnae 
depressed ;  fig.  400  a  dorsal  view  while 
leaping  or  springmg ;  and  fig.  401  a  side 
view^  right.)  ^Dus  creature  is  infested 
with  Coiacwm,  Amongst  Confervae. 
1-140". 


Genus  DIGLENA  (?). — ^Eyes  two,  frontal ;  foot  forked.  Excepting  the 
foot  and  rotary  organ,  they  have  no  external  prominent  organ,  though  some 
protrude  the  teeth  in  a  pincer-like  manner.  The  oesophageal  bulb  has  single- 
toothed  jaws ;  the  oesophagus  is  very  short,  except  in  2>.  laeustris ;  alimentary 
canal  conical,  simple,  in  six,  and  constricted  in  two  species.  In  all,  two 
glands  are  present,  which  in  D,  lacustris  are  long  cylindrical  and  two- 
homed  ;  in  the  rest  they  are  spherical.  The  ovary  in  Z>.  lacustris  is  band- 
like, in  the  others  globciee.  Contractile  vesicles  are  observed  in  four  species. 
No  species  is  viviparous ;  none  carry  their  egg  hanging  to  them ;  transverse 
muscular  bands  are  seen  in  three,  and  in  one  a  vascular  network  at  the  head ; 
tremulous  tags  are  found  in  three  species,  in  two  of  which  they  appear  as  if 
attached  to  ti^e  water- vascular-canal  glands.  The  cerebral  ganglion  is  more 
especially  developed  in  D.  lacustriSf  but  is  indicated  in  all  the  species  by  the 
coloured  eyes. 

Jh&LESA  iacuairis. — Stout,  oval,  cry- 
stalline: the  front  straiffhtly  truncated ; 
foot  suddenly  attenuated^  in  length  one- 
fourth  of  the  body ;  the  toes  one-third 
the  length  of  the  foot.  The  transparency 
of  this  animalcule  is  often  a  great  hin- 
drance to  the  discrimination  of  its  internal 
organs,  though  thev  are  very  large ;  the 
superficial  skm  is  delicately  shapeened. 
(xxxin.  403  a  side  view,  left,  ofthis  in- 


teresting animalcule,  with  a  Lynceu 
see  Microscopic  Cabinet,  pi.  vii. — in  its 
stomach;  its  curious  internal  organiza-> 
tion  is  clearly  depicted.  Often  found  In 
green-coloured  water.)   1-70". 

D.  ffrandis, — Long,  slender,  and  cylin- 
drical, obliquely  truncated  anteriorly; 
toes  straight  longer  than  the  stout  foot 
The  forked  central  sacculus,  near  the 
head,  is  remarkable,    (xxxni.  404  an  ex« 
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tended  animalcule^  right  aide;  tttttt. 
4^  another^  contracted,  with  the  jaws 
pushed  out)    1-120"  to  1-72". 

D.  fordpata  (VorHceUa  vermtcuktris, 
Cerearia  foreipata  et  E.  venmetslaris,  M.) 
(xL.  24). — Cj^drical,  slender,  obliquely 
truncated  anteriorly;  toes  decurved^  and 
longer  than  the  stout  foot.    1-110". 

D.  (?)  amita  {VorHeeOa  CanUnda^  U.). 
— Cylindrical,  slender ;  front  straightly 
tnmcatedi  auricled;  foot  suddenly  con- 
stricted, toes  smalL  The  tremulous  organ 
obs^red  by  Corti  was  merely  the  yibra- 
tile  lining  membrane  of  the  anterior  por- 
tion of  the  alimentaiy  canaL  Amongst 
Conferva.  1-100". 

D.  catetUna  (Cerearia  eateUma,  VorU- 
eeUa  Larva,  M.). — Oblong^  short,  ends 
truncated ;  foot  short,  and  inferior.  The 
small  size  of  this  animalcule  is  unfaYou]> 
able  for  observing  its  internal  organiza- 
tion. It  is  foimd  at  all  seasons  of  the 
year  in  open  water,  and  in  infusions 
covered  with  a  green  pellicle,  which  is 
ofken  filled  with  its  eggs;  these,  when 


rq>idly  developed  by  gepisl  weatlier, 
cause  a  milky  turbidity  in  the  water. 
1-360". 

D.  eonura, — Ovate-oblongs  straightly 
truncated  in  front,  and  gradually  attenu- 
ated to  a  conical  foot  Amongst  Oecalla- 
tori».  1-144". 

D.  eagnUUa. — Oblong,  conical,  obliauely 
truncated  and  dilated  in  front ;  toes  \ofog, 
without  apparent  base,  or  foot  Fee£ 
upon  Cktanwdomonas  and  Nacieub, 
1-800". 

B.  eaudata  (VortieeOayureaia,  IL).— 
Elon^ted,  conical,  oUiqu^  tnmcaied 
antenorly,  but  not  dilated;  foot  disdnet, 
short ;  toes  long.  In  gnea.  water.  1-900". 

D.  (P)  birtmhu  (Qoese).— Obltmg,  the 
head  and  abdomen  ^ntly  aweUiiig;  toes 
long,  slender,  straight,  and  peifectiy 
even  in  thickness ;  eyes  placed  dose  to- 
gether, frontally;  jaws  protmsile;  alimai- 
tazT  canal  very  large,  projectii^  befaiiid 
and  above  the  gizzara,  always  fiSed  witii 
green  matter.  Length,  incJudlng  toee, 
1-110".  ^^ 


Genus  TBIAJtTHRA  (XXXTII.  406-408).— -Eyes  two,  frontal;  foot 
simple,  styliform ;  breast-fins  two.  Beside  the  rotary  organ,  internal  bend- 
like  muscles  are  observed,  and  two  bristles,  or  fins,  which  assist  in  leqang, 
as  in  PoJyarihra.  The  oesophageal  bulb  has  two  double-toothed  jaws,  as  in 
Rotifer ;  the  cesophagus  is  long  in  one  species,  short  in  the  other ;  alimentaiy 
canal  simple,  conical  or  constricted,  with  two  spherical  glands.  An  ofaiy 
and  contractile  vesicles  are  seen ;  the  ^gs,  when  expelled,  remain  atiad^d 
by  threads.  The  nervous  system  is  indicated  by  the  two  red  eyes,  plaeed 
upon  ganglia.  Both  species  often  produce  a  milky,  turbid  appearanoe  in  the 
water,  when  developed  in  masses.    A  third  species  is  now  a^Led. 


T.  lonaUeta  (TVichoda,  M.).— Eyes 
distant ;  the  cirri  or  beards,  and  the  foot, 
are  neady  three  times  the  leng;th  of  the 
body,  lliis  species  is  disting^uiahed  from 
the  foUowioff  one  by  the  greater  length 
of  cirri ;  by  larger  eyes,  frirther  removed 
from  each  other;  by  a  distinct  stomach, 
with  a  constriction  separating  it  from 
the  long  portion  of  the  alimentary  canal; 
and,  lastly,  bv  its  long  oesophageal  tube. 
It  is  readily  aistingmshed  by  its  leaping 
movement  whilst  swimming,  (xxxm. 
408,  a  youn^  animal  emerging  from  the 
egg,  the  cim  or  styles  bdng,  as  yet,  soft; 
407,  back  view  of  a  young  specimen— it 
shows  the  great  separation  of  the  eyes  and 
the  styles,  in  the  position  they  occupy 

Genus  BATTULUS  (XXXTII.  409).— Eyes  two,  frontal;  foot  mnqh, 
styliform ;  no  cirri  or  beard.  The  organization  at  present  discovered  com- 
prehends several  undefined  rotary  muscles,  an  oesophageal  head,  without  di- 
stinct teeth  or  oesophageal  tube,  a  simple  conical  alimentaiy  canal,  with  two 
round  glands,  an  ovary,  and  the  eyes. 


when  the  animal  is  swimming;  406aade 

Sight)  view  of  a  ftdl-grown  yecimeB— 
e  styles  are  advazu»d,  jp&amtary  to 
leaning.)  Found  with  Afdatma  mat* 
BnaJBraehionusureeolarig,  Leng:tfa,  with- 
out dirhi,  1-140^'. 

T.  mystaeina  {BraMomupaenUjlLy— 
Eyes  dose  together;  two  anterior  cbn, 
or  bristies ;  foot  neariy  double  tiie  kngth 
of  the  bodv;  jaws  very  soft  1-21^. 
In  water-tuDS. 

T.  hrevi^eta  (Gosse).  —  Gylindiieal ; 
pectoral  and  caudal  spines  each  about 
one-fifth  of  total  length,  and  ve^  alender. 
Length,  including  foot,  1-185". '. 
ton. 
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Hus  genus  (BaUulus,  or  BahUui)  was  established  by  Lamarck ;  but  the 
aniTnals  induded  in  it  by  him  were  referred  by  Ehrenberg  to  two  genera, 
MasHgocerea  and  Monocereaf  and  the  term  Battulus  conferred  upon  an  animal 
placed  among  Gercarise,  and  called  by  Miiller  Triehoda  lunari$,  *^  The  Mas^ 
Hgoc^rea  carinata  (£hr.)/'  obsenres  Dujardin,  *'  is  described  as  loricated,  and 
enters  into  the  fGimily  Eachlanidota ;  and  Monoeerea  Battus,  without  lorica,  is 
placed  among  the  Hydatinaea;  but  the  beings  described  under  these  two 
appellations  represent  but  a  single  species,  Ratulus  ....  The  Monoeerea 
bUomii  of  !0irenberg  would  seem  to  be  a  distinct  species,  by  reason  of  the 
horns  with  which  it  is  armed  in  front." 


Rattulvs  bmaris  (IHehoda  hmarxB, 
M.). — Small;  eyee  remote  from  the 
frontal  margin;  root  decurved,  lunate. 
No  teeth  are  seen  (xxxm.  group  409). 


In  turfy  500I8.     1-288". 

R.  earmattu  (Duj.)   (rzxvm.  22)  • 
Monoeerea  JtatUts, 


Genus  DISTEIOCA. — ^Eyes  two,  cervical ;  foot  forked ;  rotary  organ  com- 
pound, l^e  Odsophageal  head  supports,  in  three  species,  jaws,  with  two  teeth 
each ;  in  one  species  wil^  more  than  two ;  cBsophagus  short ;  alimentary 
canal  simple,  conical,  with  two  spherical  glands.  An  ovary,  and  in  2>.  (?) 
marinum  glands  and  a  contractile  vesicle  are  seen.  No  satisfactory  details 
of  a  water-vascular  system  are  ascertained ;  the  eyes  are  red,  except  in  one 
species,  in  which  they  are  colourless,  and  in  all,  except  2).  marinum,  they  are 
situated  behind  the  head  of  the  oesophagus ;  in  that  one  they  are  anterior, 
but  below  the  rotary  organ.  The  eggs  are  never  attached  to  the  parent,  nor 
are  they  developed  in  It^e  masses. 


DiSTEiocA  Forfictda,  —  Cylindrico- 
conical ;  eyes  red ;  toes  thick,  recurved 
and  dentate  at  the  base.  The  eyes  are 
placed  at  the  end  of  a  long  cylmdrical 
nervous  ganglion ;  the  rotary  or^^an  con- 
sists of  four  parts,  xxxm.  411  is  a  side 
(left)  view,  and  fi^.  410  shows  the  jaws 
extended  for  seizing  ^rey.  Per^  be- 
lieves this  to  be  identical  with  Arcti- 
iaria  Forficula,  havii^  but  a  single  eye. 
1-120". 

D.  eetigerunu  —  Ovato-oblong  ;   eyes 


red ;  toes  setaceous  and  decurved. 
1-216". 

D.  (?)  marmtim. — Ovato-conical ;  ejes 
red,  close  together ;  foot  long ;  toes  thick, 
the  length  of  the  foot;  jaws  many- 
toothed.    In  sea-water.    1-144". 

D.  (P)  fordpatum.  —  Ovato-oblong  ; 
eyes  colourless;  foot  short,  with  stout 
toes.  If  the  two  colourless  vesidee  are 
not  eyes,  it  must  be  placed  in  the  genus 
Heurotrocha.    1-288^'. 


Genus  TEIOPHTHALMUS  (XXXIH.  412-414).— Eyes  three,  cervical, 
sessile,  in  a  row ;  loot  fcNrked ;  rotaiy  organ  compound.  It  has  a  large  obso- 
phageal  head,  with  two  (single-toothed  ?)  jaws,  a  long  thin  oesophagus,  a 
globose  stomach-like  protuberance,  with  two  oval  glands,  and  a  thin  intes* 
tine ;  two  muscles  move  the  foot.     Several  small  tags  seen  ia  T.  dorsaUs, 


Tbiophthalmus  dorsaUs, — ^Body  cry- 
stalline, turgid ;  central  eye  largest ;  foot 
suddenly  attenuated,  its  length  half  that 
of  the  body.  This  species,  in  form,  re- 
sembles NoUmmuMta  anaaia,  but  in  site 


N.Myrmeleo,  (xxxiil  412,  dorsal  side  of 
an  animalcule  extended  as  it  appears 
when  swimming  and  vibrating;  ng.  413 
one  in  the  act  of  unfolding  itself,  and 
fig.  414  another  contracted.)    1<40". 


Genus  EOSPHORA  (XXXIII.  416).  — Eyes,  according  to  Ehrenberg, 
sessile,  three — ^two  frx)ntal,  one  cervical ;  foot  forked.  The  rotary  organ  is 
composed  of  numerous  muscular  portions.  An  oesophageal  head,  provided 
with  two  single-toothed  jaws,  a  short  oesophagus,  a  simple  conical  alimentary 
canal,  with  two  ovate  gjands  anteriorly,  an  ovary,  somewhat  extended,  and 
a  contractile  vesicle,  are  also  discoverable.     Transverse  bands  are  observably 

2t 


Digitized  by  VjOOQ IC 


690 


8TBTBMATIC  HI8T0BT  OF  THB  IHFT790&IA. 


in  two  species,  and  tags  in  the  third.  Beside  the  three  red*oc4oiired  eyes,  a 
cerebral  ganglion  is  seen.  Distinotly  stiiated  longitadiQal  mnsdes  are  seea 
in  alL 

According  to  Leydig,  what  Ehrenbei^g  has  regarded  as  two  frontal  eyes 
have  no  d^m  to  the  name.  Should  this  statement  be  confinned,  it  wcmld 
become  necessary  to  miite  Eotphora  with  Notommata. 

EosPHOBA  Naja$. — Conical,  transpa- 
rent, not  aurided ;  toes  much  shorter 
than  the  foot  (xxxm.  416,  an  animalcule 


fed  upon  indigo.)    Amongst  Confeiraa. 
1-12". 
E.  digUaUk — Conical,  hyaline,  not  au- 


rided; toes  a  third  the  lenfftji  of  tiie 
foot    Amongst  Confery®.     1-96". 

£.  eUmgata. — ^Elongated,  almost  fiisi- 
form,  not  auiided,  front  truncated;  toes 
short    1-72". 


Genus  OTOGLENA. — ^Eyes  three,  one  being  sessile  and  cervical,  the  others 
pedided  and  frontal ;  foot  furcated.  This  large  animalcule,  the  sole  repre- 
sentative of  this  genus,  has  considerable  resemblance  to  Notommata  Myrmdeo 
or  N*  davuUUa,  Four  lateral  longitudinal  muscles,  six  moving  the  rotary 
organ,  and  two  muscles  of  the  foot  are  present ;  a  toothless,  and  apparently 
jawless,  oesophageal  canal  leads  to  a  somewhat  thick^ed  stomach,  ending  in 
a  very  thin  intestinal  canaL  An  ovary  and  contractile  vesides  are  ob8^:ved. 
A  vascular  network  at  the  neck  represents  a  water-vascular  system.  An  oval 
cerebral  ganglion,  with  two  dark  appendages,  and  ji  red  eye,  together  with 
two  little  hom-l^e  or  auricular  frontal  protuberances  bearing  two  vinul 
points,  represent  the  nervous  system.    Thu  genus  has  not  been  %ured. 

OrooLBKA  paptUoBo,  T-  Bell-shaped,  I  with  Vokox  OMatar  and  Kotommeia 
turgid,  scabrous  with  papillae.    Found  |  Myrmdeo,    1-96", 

Genus  CYCLOGENA  (XXXTY.  425,  426).— Eyes  numerous  (m<m  than 
three),  conglomerate  at  the  neck ;  foot  fhrcate.  The  vibratQe  organ  is  com- 
pound, and,  with  the  internal  musdes  of  the  foot,  serves  for  locomotion.  The 
oesophageal  head  has  two  single-toothed  (perhaps  three-toothed)  jaws ;  oeso- 
phagus very  short;  alimentary  canal  conical,  simple,  with  two  roundish 
glands.  An  ovary  and  a  contractile  veside  are  also  present  Transverse 
circular  musdes,  and  six  pair  of  tremulous  organs  attached  to  the  water- 
vascular  canals,  exist.  A  purse-shi^ped  dark  (colourless)  body  in  the  nedc, 
connected  by  a  narrow  process  to  a  lai^  frontal  ganglion,  containing  from 
six  to  twdve  red  points,  of  which  the  anterior  one  is  most  marked,  possibly 
indicates  a  83rstem  of  sensation. 


Cyclogena  Lupm  (Cerearia  Lupus, 
M.).  —  Ovato-oblong,  or  conical,  not 
aurided ;  foot  teiminal,  and  short 
(xxxiv.   425*   a  back    view,   426   a 


side  view.)    1-120'\ 

C.  (?)  degans, — Ovate,  not  aurided; 
foot  inferior;  toes  long.    1-190". 


Genus  THE0EF8  (XXXTY.  427-429).— Eyes  numerous  (more  <han 
three),  disposed  iu  two  groups  at  the  neck ;  foot  furcate.  A  compound  rotary 
organ,  together  with  two  musdes  of  the  foot,  an  oesophageal  head,  witJi  two 
one-toothed  jaws,  a  short  oesophagus,  a  simple  conical  alimentary  canal,  with 
two  glands,  a  ball-like  ovarium,  and  a  double  group  of  colourless  cervical 
eyes,  are  the  details  of  the  organization  at  present  known.  The  frontal 
uncinus,  or  hook,  is  perhaps  a  respiratory  tube.  Perty  doubts  if  Ehrenbefg 
is  correct  in  his  interpretation  of  the  supposed  agglomeration  of  the  eyes  in 
TheoruB, 

Theobus  vemaUs,  —  Toes  small ;  no  I  creature  is  active  and  vehement,  like  Aat 
frontal  uncinus.    The  movement  of  this  |  of  an  animal  of  prey,  (xxxiv.  ^^,  a  badt 
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Tiew  of  tiik  ammaleiile  extended^  with 
six  colourieflf  ey ee  in  each  flTpup ;  428,  a 
specimen  with  lonr  eyes :  £i&,  hodj  oon- 
toacted,  but  jaws  extended.)  AmosigBt 
OsdllattKitt.    1-140"'. 


T.  MftdMO^iM.  —  Toes  long,  a  frontal 
nncintUL  or  hook,  present.  Six  yisual 
points  have  been  seen  by  Ehrenberg. 
Amongst  Osdllatoiiaa.    1-240" 


The  two  next  genera  mentioned  are  from  Mr.  Gosse,  who^  howeyer,  adduces 
the  latter  one  as  a  doubtM  member  of  the  present  ^Eouly. 

Genus  ASPLANCHNA  (Goese,  A.  K.  H.  1850,  yol.  yi.)  (XU.  65,  66 ; 
XXXVI.  7-9;  XXXVn.  27-32).— Botatorial  Hydatinaea  destitute  of  foot, 
intestine  and  anus,  but  possessing  eyes  (ocelli)  and  jaws ;  sexes  disjoined. 

This  new  genus  embraces  the  Botatorial  animal  which  Mr.  Biightwell 
introduced  to  notice  as  '*  a  si^>poeed  new  species  of  NotomnuUa "  (Fauna 
Infiuarioy  Norfolk,  1849),  and  in  which  he  first  detected  the  enstenoe 
of  male  animals  distinct  in  organization  and  diaracter  from  the  female. 
It  was  soon  perceiyed  that  the  new  forms  represented  by  Mr.  Bright-* 
well  could  not  belong  to  the  genus  Notommata  of  Ehrenberg;  and  the 
discoyeiy  of  other  similar  beings  has  led  to  the  creation  of  tiiis  genus 
AMplan^ma* 

AsPLANCHNA  BrightweUa  —  Jaws 
(mandibles)  one-toothed;  eye  sinfi^le; 
stomadi  oyal^  longitudinal;  yesicle  looed, 
larger;  tremiuous  corpuscles  (gills,  Ehr.) 
affixed  to  a  long  filament;  oyary  two- 
homed.  Length  about  1-24".  (xn.  65. 
66.)  Males  with  jaws,  pharynx,  and 
stomach  absent ;  body  truncate.  Length 
about  1-40".  Found  at  Norwich,  Lea- 
mington, Hampstead  Heath,  &c. 

1&.  Bnghtwell's  account  is  embraced 
in  the  following  extracts : — 

'^  It  (the  fenuile)  is  furnished  with  an 
OTisac,  in  which  the  young  may  be  clearly 
detected,  and  from  which  they  are  ex- 
pelled through  the  aides  of  the  animal. 
Some  of  the  young  appear  to  differ  in 
form  from  the  others,  aud  there  appear 
to  be  two  kinds  of  oya, — one,  and  that 
by  &r  the  greater  number,  transparent, 
and  hatched  in  the  body  of  the  parent ; 
tlie  other,  more  opaque,  perhaps  remain- 
ing unhatched,  or  deposited  till  yiyified 
under  iavourable  circumstances  in  some 
ensuing  season.  Should  this,  on  further 
inyestigation,  turn  out  to  be  the  case, 
we  shful  have,  amon^  the  Rotifeia,  the 
•ame  mode  of  preserying  the  oya  during 
the  winter  as  it  found  in  some  of  the 
Bntomostaraca,  the  Daphnia  for  instance/' 

**  ISiese  [the  males]  sro  smaller  than 
tlie  females,  and  haye  a  pyriform  sac 
below,  from  which  there  is  an  opening, 
and  which  is  filled  with  spermatozoa; 
and  they  haye  neither  jaws,  nor  gullet, 
nor  stomach ;  and^  it  would  seem  they 
are  designed,  as  is  the  case  with  the 
males  of  some  insects,  to  continue  the 
xaoe  and  then  to  perish. . .  .1  haye  lately 


repeatedly  seen  the  male  in  connexion 
with  the  female.  He  attaches  himself 
to  her  side  by  his  sperm-tube,  and  re- 
mains attached  from  twenty  to  seyenty 
seconds.'' 

For  a  more  complete  description  of 
these  yery  interesting  forms  we  majr 
refer  the  reader  to  the  elaborate  details 
and  figures  of  their  organization,  by  Mr. 
Dalrymple,  in  the  JPhihsophical  JrofiS' 
actUma  Tot  1849,  and  to  Fart  L  p.  453 
€i  sea,  of  this  yolume. 

Nototnmata  Anglica  of  Leydig  appears 
to  be  only  Mr.  Goese's  AMplanthna  iright^ 

A.priodonta  (Crosse). — ^Females :  Jaws 
serrated ;  eyes  three ;  stomach  hemi- 
spherical, transyerse;  yeside  spherical, 
smaller;  tremulous  bodies  attached  to  a 
twisted  and  plicate  filament ;  oyary  sub- 
globose  (xxxyi.  0 ;  xxxym.  28).  Length 
about  1-48".  Males :  Body  acute  (xxxyi. 
7^8).  1-110".  Foimd  in  the  Serpentine 
nver.  (Figs.  10, 11  exhibit  the  jaws  of 
the  female  detached.) 

A.  Sieboldn(Nbtommata  SieboldUy  Ley- 
dig)  (xxxyn.  27-S2). — ^Females  closely 
resemole  those  of  Leydij^^s  N.  AngUcoi 
but  the  males  dif^  wicbly.  Female 
campanulate,  no  foot ;  anterior  extre- 
mity widened ;  ciliary  wreath  inter- 
rupted by  a  fissure  at  the  mouth,  into 
which  the  fine  cilia  descend ;  two  large 
lobes  (32  g)  on  the  rotary  organ,  crowded 
by  setae,  with  two  similar  smaller  ones ; 
between  these,  on  each  side,  is  a  fossa 
with  long  motionless  setSB.  Mouth  open- 
ing into  an  angular  maxillary  bulb. 
Jaws  (xxxyn.  81)  with  one  furcate  piece 
2t2 


Digitized  by  VjOOQ IC 


692 


ftTSTEXAHC  HI8I0ET  OF  THX  OTFUBOSIA. 


hooked  at  tlie  end ;  on  the  inaide  is  an 
aculeate  process  and  a  ridge  to  which 
strong  striated  muscles,  working  the 
jaws,  are  attached.  CEsophagus  long, 
its  lower  end  highly  muscular;  two 
spherical  glands  open  into  the  round 
vellowish-Drown  stomach  (32  b) ;  intes- 
tme  absent  Walls  of  the  contractile 
Tesicle  (32  e),  which  open  into  the 
cloaca,  with  a  muscular  network.  Two 
water-yascular  canals  on  each  side,  one 
with  granular  walls,  the  other  wider  and 
with  about  fifty  tags  (31  &  32).  Cere- 
bral ganglion  laid  across  the  mazillaiT 
bulb,  with  a  daric-red  or  black  speck 
above  and  behind  it  in  the  median 
Hne.  Cells  of  the  ganglion^  according 
to  Leydig,  fusiform,  and  prolonged  into 
nervous  cords.  A  nerve  is  said  to  pro- 
ceed firom  each  side  to  the  setigerous 
foMa  of  the  rotary  organ,  where  it  sweUs 
out  like  a  ganglion ;  another  nerve,  firom 
its  posterior  surface,  divides  to  supply  the 
smaller  eminences  on  the  rotary  organ ; 
and  another  pair  from  the  ssine  sur- 
face supply  the  smaller  eminences :  but 
we  think  these  supposed  nerves  require 
re-examination.  Ovary  horseshoe-shaped 
(32  c).  Male  and  female  young  never  si- 
multaneously generated  within  the  same 


parent  Winter  eggs  (nxvn.  27,  28) 
spherical,  usually  one  or  two,  never  more 
tnan  three ;  yelk  yellowish-red,  invested 
by  a  thin  membrane,  which  in  tun  is 
surroimded  by  a  thick  grannlar  tuber- 
culated  shelL  the  latter  rendered  pale 
by  potash,  which  partly  obliterates  the 
tubercles.  On  keeping  specimens  in  pun 
water  without  nourishment^  all  the  eggs 
deposited  were  winter  ova-  Males  dmfei 
in  figure  (fig.  29)  firom  females :  clavate, 
with  four  conical  arms ;  the  two  anterior 
ones  (29  a)  the  smallest  When  swim- 
ming, which  it  does  on  its  back,  tiiese 
arms  are  shortened.  Rotary,  mnseolsr, 
and  nervous  structures  as  in  tlie  females. 
Pyriform  testicle  (29  c)  next  the  con- 
tractile sac,  filled  with  spermatosot, 
amongst  which  are  round  veaides,  nu- 
cleated fusiform  bodies  (30  b,  c),  curved, 
nucleated,  sickle-shaped  objects  (30  a), 
and  stif^  sharply-defined  rod-like  bodies 
(30 /).  Duct  on  the  i^ominaL  sui&ce 
at  tne  end  of  the  body,  and  sunounded 
by  Tdiat  look  like  accessory  glanda. 
Alimentaiy  canal  absent ;  the  maimen- 
tary  digestive  organs  represented  by  an 
irregular  heapof  cells  behind  the  pos- 
terior anus.    Young  malea  bom  alive. 


Genus  TAPHEOOAMPA  (Ooese).— Rotaiy  organ  wanting,  hodj  fbafonn, 
annulose ;  tail  forked ;  gizzard  oval ;  mallei  incurved,  shorter  than  the  inoos, 
which  is  also  incurved. 


Taphrocampa  anmUoaa,  —  Occipital 
mass  opaque,  white;  alimentary  canal 
simple,  wide,  cylindrical ;  points  of  tail 
short,  conical.    1-110". 

This  species  is  evidently  allied  to  M. 
Dujardin  s  iMuHa  tantlosOf  but  differs 
firom  it  in  the  structure  of  the  dental 
apparatus,  and  of  the  digestive  canal. 


It  seems  to  connect  the  gains  CSWsfo* 
no^  with  the  Hydatina^an  genera  No- 
tommata  and  lUrcuhria ;  for  it  has  ih& 
jawd  of  these  larviform  Rotifera,  and 
the  glandular  occijntal  mass  found  in 
some  of  them,  with  the  form^  simple 
digestive  canal,  and  manners  ot  Ckmt^ 
noiu9.    Found  at  Leamington. 


17e  will  append  here  two  genera  of  the  fieunily  Furculariens  of  Dujardin, 
which  that  naturalist  has  created  either  to  embrace  new  spedee  or  to  dispose 
of  those  described  by  Ehrenberg  which  Dujardin  cannot  include  with  other 
of  his  genera.  likewise,  before  commencing  with  the  next  fiamily  (Eoehla- 
nidota  of  Ehrenbei^),  we  shall  take  the  opportunity  to  detail  the  chaimeterB 
of  a  family  disooverod  and  named  by  Dujan^,  viz.  Albertiens. 

Genus  PLAQIOGNATKA  (Duj.).— Body  oblong,  curved  and  convex  on 
one  side,  or  comet-shaped  and  obliquely  truncate  in  front ;  terminated  pos- 
teriorly by  a  more  or  less  distinct  tau,  bearing  two  styles.  Jaws  with  parallel 
branches  turned  the  same  way,  and  recurved  towards  the  ciliated  margin  with 
a  straight  central  stem  (fulcrum),  very  long  and  enlai^ged  at  its  base ;  eye- 
specks  one  or  two.    We  propose  this  as  a  genus  of  Furculariens. 

Although  possessing  a  curved  figure,  with  a  characteristic  form  of  jaws, 
Ehrenberg  has  distributed  them  in  his  genera  Notommata,  Diglemi,  and 


Digitized  by  VjOOQ IC 


OF  THX  VUCSLAXJDOTJL* 


693 


DisUfnma,  according  to  the  number  and  disposition  of  their  red  points,  and 
without  consideration  of  the  characters  we  employ. 


Plagioonatha  JFWm.  —  The  species 
we  regard  as  the  type  of  this  genus  is 
the  r.  FeUa,  called  by  Miiller  VordceUa 
RliBy  but  not  answerable  to  the  Notam" 
wHUm  Fdi$  of  Ehrenberg.  Its  two  styles 
are  one-fourth  of  its  entire  length,  and 
are  curved  backwards ;  the  back  is  con- 
vex, abruptly  truncate  behind.    1-118". 

Pl.  lacimdata  has  been  classed  by 
Ehr^obeiff  among  the  NotommaUB,  A 
variety  of  this  species  with  two  eye- 
specks  may  be  refeired  to  the  Dittemma 


One  must  also  regard  as  distinct  spe- 
cies ofPlaoiognaiha  the  Notommata  Tigris 
and  the  Diglma  cateUma  of  Ehrenberg. 
The  Diglena  laeudria  of  the  same  author 
also  corresponds  in  fonnj  but  its  jaws 
are  not  sufficiently  descnbed  to  deter- 
mine its  position ;  whilst  his  Notommata 
hyptopw,  represented  with  one-toothed 
jaws,  analogous  to  those  of  our  UtrcU" 
Zorto,  appears  the  same  as  a  SystoUde 
known  to  us,  evidently  possessing  the 
jaws  of  a  JPIagiognaiha. 


(3enu8  LINDIA  (Dm.)  (XXXIX.  1-3). — ^Body  oblong,  almost  vermicular, 
articulated  by  means  of  shallow  transverse  folds,  rounded  in  front ;  protrudes, 
when  swimming,  two  small  davate  organs  (3  n),  dothed  with  radiating  cilia 
at  their  extremities,  and  forming  a  retractile  rotary  organ  on  each  side. 
JawB  (%.  2)  composed  of  three  pincer-like  teeth.  Eye-speck  single,  in  front 
of  a  blackish  calcareous  (?)  sac»  Two  short  oonical  toes  at  the  posterior 
axtrenuty. 


LufDiA  tanilosa  (Dnj.).  —  Body  red- 
dish. Length  1.6"',Perty;  l-T"',  Du- 
jaidin;  1-8'",  Cohn.  Cohn,  whose 
amended  characters  of  the  genus  we 
have  given  above,  thinks  that  Notom- 
mata roseola  may  be  identical  with  this 
qpecies :  the  latter  differs  from  Notom- 
mata tardigradoy  which  it  much  re- 
sembles, in  the  presence  of  the  club-like 


rotary  oi^^an.  Our  author  also  contends, 
in  opposition  to  Bujardin,  that  the  oeso- 
phagus is  ciliated.  It  is  not,  however, 
quite  certain  that  they  refer  to  the  same 
animal.  It  is  distinct  from  Notommata 
vermictdlaris,  which  it  resembles.  Cohn 
thinks  the  genus  lAndia  should  be  located 
amongst  Pnilodimea. 


FAMILY  OF  THE  ALBEETINA  (ALBEETIENS). 

Body  cylindrical,  vermiform,  round  in  front,  with  an  oblique  opening,  from 
which  a  ciliated  organ  protrudes  itself,  almost  larger  than  the  body ;  termi- 
nated posteriorly  by  a  i^ort  conical  tail.  Jaws  in  the  form  of  hooks,  simple, 
or  with  one  tooth  each. 

This  fiunily  comprises  but  one  genus,  and  one  species,  ATherlia  vermtcularis 
(XXXYUI.  35,  36),  which  is  found  parasitic  in  the  intestine  of  Lumbrid 
and  snails.    1-79"  to  1-47"- 

The  ova  with  their  embryos  are  seen  in  its  interior,  in  various  stages  of 
development. 

The  ciliated  apparatus,  in  advance  of  the  mouth,  is  surrounded  by  an 
appendage  in  the  E^pe  of  a  spur  (calcar). 

FAMILY  VI.— EFCHLANIDOTA. 

This  fronily  comprehends  such  Botatoria  as  have  a  compound  rotary  organ 
with  more  them  two  subdivisions,  and  whose  bodies  are  endosed  in  a  hardened 
brica.  The  latter  is  very  variable  in  form.  Ehrenberg  has  remarked  that  it 
sconetimes  resembles  the  hard  carapaces  of  tortoises,  at  others  the  shells  of 
crabs.  In  the  former  case  the  lorica  is  open  at  the  extremities  ;  and  in  the 
latter^  Ehrenberg  supposed  it  to  be  open  inferiorly  in  Eucfdanis',  but  this  is 
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d0medb7Ck>Im,who8e  testamcmyistobeieHediipcHi.  The  animal  cootaiBfid 
within  this  lorica  presents  the  typical  features  id  the  Botataiian  dass,  just  as 
some  nunute  Gmstaceans  (Entomostraca),  though  enclosed  between  biyalved 
cases,  retain  the  internal  organization  of  their  more  eonspicaoas  and  shel- 
less  allies.  The  Euchlanidota  are  proTided  with  the  tbiioiis  Botatofiaa 
appendages — these  exist  as  set»,  nndni,  spois,  or  tactile  organs ;  and  all  are 
provided  with  the  charactoristio  tail  or  foot  terminating  in  one  or  two  digits^ 
this  organ  being  largely  employed  in  locomotion,  either  as  a  mdder  or  as  an 
anchor.  The  hardened  tegament  forming  the  lorica  is  yarionsly  prolonged 
into  spines  and  other  appendages.  Sometimes  these  are  most  dereloped 
anteriorly,  at  others  posteriorly,  whilst  in  Stephanc^  a  broad  expansion  of 
the  front  of  the  lorica  is  developed  into  a  curious  crystalline  hood.  The  sur- 
faces of  the  lorica  likewise  are  Yarionsly  sculptured  and  ornamented. 

The  eye-speck,  to  which  Ehrenberg  has  attached  such  importanoe  in  hw 
subdivision  of  this  fEimily,  possesses,  as  Dujardin  has  pointed  out,  less  value 
as  a  basis  of  classification  than  the  Prussian  observer  supposed ;  but  if  the 
observations  of  Leydig  prove  eonsect,  the  organ  acquires  additioiial  interest 
from  the  discovery  of  a  refracting  body  in  the  eyes  <^  Euchlams  wMetaia  and 
Stephanops  lameUaris.  Should  these  observations  be  confirmed^  they  will  do 
much  to  remove  all  doubt  respecting  the  visual  character  of  ti»Me  ovgans, — 
doubts  which  are  naturally  suggested  by  the  improbability  of  visual  organs 
being  given  to  the  embryo  encased  in  tiiie  egg,  whilst  the  makired,  actrre, 
buslJing  animalcule  becomes  deprived  of  them  when  its  life  seems  to  render 
their  presence  most  necessaiy.  The  exact  nature  of  the  iutemal  OTganiyatioB 
of  most  of  the  Euchlanidota  is  yet  uncertain,  and  requires  further  study; 
but  each  form,  when  minutely  examined,  is  fbund  to  approximate  more  detetj 
to  the  Rotatorian  type.  Thus,  whilst  all  are  provided  with  a  muscular  systoa, 
Cohn  has  demonstrated  that  in  Euchlams  the  fibres  are  of  the  striped  or 
voluntary  type.  The  same  observer  has  also  shown  that  EuchJatds  dHaiaH 
is  biBexual,  ^e  males  resembling  those  of  Hydatina  BXkdAsplanckna  in  beLog 
unsupplied  with  an  alimentary  canal.  These  are  approximations  towards  a 
general  reduction  of  the  whole  class  to  a  common  type  of  organization  of  a 
higher  character  than  was  fbimerly  thought  to  exist  amongst  Botifera,  bat 
at  the  same  time  very  different  to  what  was  originally  attributed  to  them  by 
Ehrenberg.  The  genus  Le^addla  developes  itself  occasionally  in  such  myriads, 
in  stagnant  water,  as  to  give  a  whitish  turbidity  to  it. 

Ehrenbeig's  arrangement  of  the  genera  is  ^ven  at  p.  478.  Dujardin 
includes  most  of  the  genera  in  his  fiumly  Brachioniens. 

Genus  LEPADELLA  (XXXIV.  430-433).  — Eyes  absent;  foot  furcate. 
Several  trochal  muscles  are  seen,  and  foot  ones  in  two  species.  The  jaws  of 
the  oesophageal  head  are  single- toothed  in  L,  ovalis  and  L.  emarginaia ;  in 
L.  Salpina  triple-toothed.  The  OBSophagus  is  very  short  in  all ;  1^  alimen- 
tary canal  below  is  constricted,  except  in  L.  Saljpina,  in  which  it  is  simple. 
The  ovary  is  globular  in  aU ;  in  2^.  Salpina  probably  a  cerebral  gan^^ion  (no 
eye)  exists.     L,  ovalis  is  sometimes  developed  in  myriads  in  stagnant  water. 

Dujardin  has  the  following  criticisms  on  the  genus  LepadeUa : — **  Wishing 
to  derive  his  generic  characters  too  exdusively  from  the  eye-specks,  Ehren- 
berg has  separated  all  those  having  such  spedcs  into  several  genera ;  eoaiBti- 
tuting  of  tiLose  with  two  eye-points  the  geneam  Stephanops  and  Metopidutt 
and  of  those  with  four  red  specks  the  genus  SquameUa,  But  we  are  con- 
vinced that  these  red  points  may  be  present  or  absent  in  the  same  apedes  at 
different  periods  of  development.  We  believe,  for  instance,  that  tiie  LepadsQm 
ovalis  and  Sti^hancps  mti^ieus  (Ehr.)  are  but  a  single  species ;  Lspadt^ 
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JkUdla  with  or  withoat  red  dots;  so  alao  iLeMetopidia  LepadeUa  and  Squa- 
mdla  hracUa  are  the  same,  aad  what  we  name  LepadeUa  rotundata.  More- 
OT^  the  SquameQa  oblonga  and  Metopidia  aewmt%ata  are  two  distinct  q^ecies 
oi  LepadeUa." 


L.  emarmnata  (BraMomm  SpaUBa  et 
ocaHej  M.;.  —  Lorica  dej^reeaed,  ordl, 
broad  anteriorly,  extremities  emargi- 
nate.  Amongst  Confervte.  T<ength| 
without  foot,  1-576". 

L.  (P)  Saipifia,  —  Lorica  oblong,  pris- 
matic, obtusely  triangular,  back  crested, 
denticulated.  Among^Confeirse.  Length 
of  lorica  1-200". 


Lbpadxlla  ovoMb  (BraehUmue  oeaHe, 
BL). — ^Lorica  depressed,  oyal,  not  emar- 
ginate,  attenuated  anterioriy,  the  ends 
truncated.  The  alimentary  canal  of  this 
animslcule  is  generally  filled  with  a  yel- 
lowish substance,  except  when  it  feeds 
upon  colourless  Monads,  (xxxiv.  430,  a 
back  view;  431,  a  side  (right)  view  of  a 
young  speomen ;  432,  the  lorica;  483,  the 
CBSophageal  head»)   1-240". 

Genua  DIPLAX  (Gosse). — ^Resembles  Salpina ;  but  the  eye  is  wanting, 
and  the  lorica  (which,  as  in  that  genus,  is  deft  down  the  back)  is  destitute 
of  spines  both  in  front  and  rear ;  foot  and  toes  long  and  slender.  It  forms  a 
connecting  Unk  between  ScUpina  and  Dinocharis.  The  name,  signifying 
double,  aUudee  to  the  gaping  lorica,  which  forms  two  parallel  plates. 

In  aeoordanoe  with  tiie  tabular  disposition  of  the  family,  this  genus  follows 
next  after  LipadeUa. 

JhpuiJi  compresaa, — Form  of  lorica  tion  forming  a  nearly  equilateral  triangle, 

(viewed  laterally)  nearly  a  parallelo-  surface  delicately  punctured  or  stippled ; 

gram,  greatly  compressed.  Lorica  1-176".  toes  long  and  slender.    Lorica  1-160". 

D.  trigcna, — ^Lorica  three-sided,  a  sec-  Leamington. 

Genus  M0N08TYLA  (XXXTV.  434-437).— Eye  single,  cervical;  fbot 
simple,  styliform ;  lorica  {teetula)  depressed,  ovate.  Numerous  muscles  have 
been  noted  in  two  species — ^the  oesophageal  head  has  four  muscles ;  in  one 
qpedee  the  jaws  are  single-toothed,  in  the  other  two-toothed.  (Esophagus 
yery  short ;  stomach  constricted  (Gasterodela),  with  two  glands.  The  ovary 
ill  lobular ;  an  oynm,  with  the  vesicle  of  the  germ  within  it,  was  seen  in  two 
species.  No  male  organs,  vesseb,  or  respiratory  tubes,  are  seen.  Owing  to 
the  almost  constant  vibration  of  the  foot-like  taol,  it  is  difficult  to  observe  the 
tme  form  of  its  termination,  the  motion  producing  an  optical  deception; 
hence  it  appears  double,  though  in  reality  it  is  single. 

MoKOSTTLA  ecrmda  {Trichoda  ear- 
tnOOf  M.).  —  Lorica  hyaline,  unarmed, 
and  truncated  anterioriy.  Amongst 
Charso  and  ConferviB.    1-260". 

M.  quadridentata, — Lorica  yellowish, 
anteriorly  deeply  dentated,  resembling 
four  horns.  It  is  generally  of  a  yellow 
leather  colour,  but  Ehrenbeig  has  seen 
itcolouriefls.  (xxzir.  434  ft  436,  ventral 
aspect;  in  the  latter  the  animal  is  ex- 


tended beyond  its  lorica,  which  happens 
when  the  rotary  cilia  are  in  motion. 
Flff.  436,  a  side  view;  437,  the  jaws 
and  teeth  separated.)  In  floccose  matter 


about  Confervas  and  the  leaves  of  water- 
pknts.    1-120". 

M.  (P)  hmarie, — ^Lorica  hyaline,  flex- 
ible, amnitting  the  retraction  of  the 
head,  anterioriy  crescent-shaped.  1-144". 
Colour  grey,  usuaUy  so  dark  that  no 
internal  organs  are  distinguishable.  Eyes 
red ;  jaws  hursre,  two-toothed ;  eggs  few. 

M.  BuUa  (Gosse).  — Body  ovate,  in- 
flated,  the  back  very  ^bbous;  lorica 
plicated  on  each  side,  with  a  deep  fur- 
row; the  occipital  and  mental  deeply 
incised.  Colour  yellowish-brown.  Length 
of  lorica  1-176'\ 


Genus  MA8TIG0CEKCA  (XXXTV.  438-440), 
lieve  this  to  be  identical  with  Monoeerea. 


-Dujardin  and  Perty  be- 


Genufl  EUCHLANIS  (XXXIV.  441-446 ;  XXXVIH.  6,18 ;  XXXIX.  4, 6; 
7). — Lorica  resembling  a  tortoise-shell ;  according  to  Cohn  not  slit  inferiorly, 
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as  described  by  Ehrenbeig.  Dorsal  and  Tentral  plates  united  along  the  aides^ 
fonning  an  acute  ridge,  leaving  a  fissore,  posterioriy,  for  the  foot.  Donal  plate 
the  largest.  Frontal  portion  of  the  animal  retractile  within  the  loriea ;  deeply 
deft  on  its  ventral  aspect,  with  the  oral  orifice  at  the  bottom  of  the  deft. 
Expanded  anteriorly  into  lappets  supporting  hooked  bristles.  On  either  side 
is  a  conical  process  terminated  by  a  long  stiff  seta.  (Esophagus  capadous ; 
jaws  resembling  those  of  Hydatma  and  Brachioww.  Stomach  thick  and 
rounded,  with  two  small  spherical  glands.  Intestine  pyriform,  ending  in  a 
doaca  at  the  posterior  border  of  the  ventral  plate ;  both  dliated.  Contractile 
vesicle  opening  into  the  doaca,  sending  up  on  each  side  a  coiled  water- vessd 
with  about  four  vibratile  tags.  Longitudinal  muscles  strong,  striated.  A  laige 
trapezoid  cellulo-granular  organ  in  the  head^  with  a  red  speck  near  its  front 
extremity,  and  on  each  side  a  long,  findy  granular  saccular  appendage.  Tail 
with  three  telescope  segments,  ending  in  two  long  knife>like  toes. 

Dujardin  does  not  admit  the  genus  Monaghfla,  but  places  its  three  ^edes 
in  the  present  one— EuchlanU. 


EucHLANis(P^  tnquetra  (xxxvm.  5a). 
— Loriea  very  large,  trilateral,  with  a 
dorsd  crest ;  setn  on  foot^  none.  This 
species  is  very  diaphanous ;  and  **  there- 
fore," remarks  Ehrenberg,  *'  I  was  never 
i^le  to  see  the  line  of  mvision  on  the 
ventral  surface  of  the  loriea.  The  rela- 
tionship of  the  fibres  of  the  laterd 
musdes  is  physiologically  and  anatomi- 
cally interesting :  tfiey  form  three  bun- 
dles, on  each  side,  and  show  as  distinct 
corrugations  as  do  the  muscles  of  larger 
animals."  (xxxrv.  443,  a  fore-shortened 
view;  442,  a  left  side  view,  showing 
the  dorsal  crest  of  the  loriea:  at  the 
base  of  the  foot  an  extemd  empty  fdd 
of  the  skin  is  visible.  Fig.  441,  tne  ven- 
tral surface,  showing  an  opening  for  the 
foot,  but  no  division  of  the  loriea; 
444,  the  teeth  and  jaws  separated.)  In 
turf-pools.  Length  1-48";  ovum  1-192". 
(xxxvm.  6.) 

E.  (?)  Homemanm.  —  Loriea  thin, 
short,  cup-shaped,  truncate  in  front^  the 
anterior  part  of  the  body  soft  (pliant) 
and  donffated.  This  creature  appears 
able  to  draw  within  the  loriea  ooth 
foot  and  head.  Sometimes  longitudinal 
muscles  are  apparent.    1-432"  to  1-240". 

E.  Luna  (Oercaria  Luna,  M.). — Loriea 
cup-shaped,  the  front  excised  m  a  lunate 
manner,  toes  with  daws.  The  single- 
toothed  jaw,  the  constriction  of  the  ali- 
mentary canal,  and  the  daws  distinguish 
it  from  the  other  spedes.  Amongst 
CeratoohyUum  and  Conferva.  1-144". 
Aoeordinff  to  Perty,  spedmens  occur  of 
a  rosy  red  colour. 

E  maerura, — Loriea  large,  ovate,  de- 
pressed ;  bristles  at  the  base  of  the  foot ; 
toes  louff,  styliform.  This  swedes  b  di- 
stinguished from  the  following  one  bv 
its  stronger  and  longer  toes.     "Lately, 


says  Ehrenberg,  **  I  saw  the  division  of 
the  loriea  along  the  ventral  sorfiioe.'' 
Each  jaw  has  ^ye  teeth ;  and  Uieie  are 
two  soft  maxillary  appendaires,  each  with 
two  teeth.  Amongst  Conterv»  in  dear 
water.  Length,  without  foot,  1-96". 
Perty  states  that  the  stomach  and  in- 
testines are  sometimes  red. 

E.  dHatata  {BrackUmm,  M.). — Loriea 
broad,  depressed,  folded  on  the  under 
side;  foot  without  set»;  toes  long. 
This  animaleule,  when  it  emerges  frtmi 
the  egg^,  has  a  very  soft  loriea,  and  re- 
sembles Notommata,  Cohn  states  that 
the  msles  of  E.  dUatata  acre  like  the 
female,  only  smaller  and  more  slender, 
as  weU  as  more  tranenorent  frt>m  the 
absence  of  mouth,  oescmnageal  bulb,  and 
intestine.  The  testis  of  the  male  occupies 
the  centre  of  the  body,  and  is  a  lancet- 
like elongated  sac  (xxxdl  5  A),  extend- 
ing horn,  the  doaca  to  the  eerebnl 
ganglion,  and  filled  with  rod-like  sper- 
matozoa. At  its  posterior  extr^nity  it 
is  in  connexion  with  a  reniform  body 
surrounding  and  opening  into  the  penis. 
The  latter  has  a  thick  wdl  and  a  ciliated 
canal  protruding  as  fiir  as  the  first  seg- 
ment of  the  tail  (hpe).  Length  of 
loriea  1-8"'  to  1-20*"  (figs.  4, 6, 7). 

E.  Lynceus,  —  Loriea  ovate,  turj^d, 
deeply  fiuted;  two  little  horns  project 
anteriorly,  (xxxiv.  445,  a  back  view ; 
and  446,  a  side  view) ;  the  loriea  is  open 
along  the  middle  of  the  under  side. 
Length  of  loriea  1-216". 

E.  deflexa  (Gosse). — ^Body  semioval; 
ventral  suzface  of  the  loriea  divided  lon- 
gitudinally, and  the  edges  of  the  fissure 
Dent  out  at  right  anj^les ;  foot  furnished 
with  two  pairs  of  bnstles ;  toes  spindle- 
shaped.    Loriea  1-80". 

E.  pyrtformu, — Outline  (viewed  dw- 
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BtStf)  nearly  otbI,  with  a  slight  con- 
fltxkiion  in  the  middle;  lorica  divided 
longitadinally  along  the  ventral  surface, 
the  m>e  widening  anteriorly;  toes  pa- 
rall^  edged ;  eye  minute.    Lorica  1-62". 

£.  Mtpponderoi. — ^Nearly  oval  in  out- 
line; the  ventral  side  flat;  the  dorsal 
greatly  arched,  and  ridged  down  the 
middle;  lorica  formed  of  two  distinct 
plates ;  the  dorsal  plate  enveloping  the 
back  and  half  down  the  sides ;  the  ven- 
tral separated  fixnn  it  by  a  wide  space, 
and  hollowed  in  the  middle,  so  as  to 
present  the  figure  of  a  narrow  horseshoe, 
whose  points  are  forwards;  foot  armed 
with  one  pair  of  bristles.   Lorica  1-110". 

E.  emargmata  (Eichwald).  —  Distin- 
ffiuahed  from  JS,  Ltma  by  a  projection  at 
Uie  end  of  each  tail-flap. 


R  bictninaia  (Perty).  —  Body  elon- 
gated. Dorsum  of  lorica  with  two 
parallel  keels,  rounded  behind.  Tail 
loiuf,  with  two  terminal  pincers;  body 
wide  in  the  middle^  contracted  towart& 
each  end.  Middle  joint  of  the  tail  very 
long ;  toe-segment  very  short  Eye 
blackish-red.  It  is  allied  to  K  Weiam 
of  Eichwald,  but  distinguished  by  its 
long  figure  and  long  set»  of  taiL  1-6"'. 
Perty  believes  that  this  species  connects 
Eucnkam  with  Saipina,  JL<eydig  regards 
it  as  a  Salpina, 

E.  umsetata  (Leydiff.) — Size  of  J5,  di- 
latata.  It  has  a  single  lonff  bristle  located 
on  the  dorsal  sur&ce  of  uie  foot-articu- 
lation ;  and,  according  to  Leydifi^,  the  eye 
has  a  refracting  lens  (xxxvni.  18). 


Genus  SALPINA  (XXXTV.  447-453).— Eye  single,  cervical ;  foot  furcate ; 
lorica  prismatic,  with  bulging  sides,  closed  below,  and  terminated  by  spine- 
like processes  or  teeth.  "  The  lorica,"  says  Ehrenberg,  "  resembles  a  three- 
sided  little  casket,  with  arched  sides,  flat  below,  and  having,  anteriorly  and 
posteriorly,  at  the  truncated  extremities,  little  points."  The  animalcule  can 
entirely  withdraw  itself  within  the  lorica.  All  the  species  have  an  elevated 
ridge  upon  the  back,  which  in  some  appears  to  be  double.  A  compound 
rotary  organ,  two  short  anterior  lateral,  and  two  foot  muscles  are  seen  in 
8,  mucronaUi,  An  cesophageal  head,  with  three-  or  four-toothed  jaws,  a 
short  cesophagus,  and  a  simple  conical  alimentary  canal  exist  in  all  the 
speciee ;  in  five  the  conical  intestine  has  two  spherical  glands.  The  ovaiy 
is  distinct.  A  spur  or  tube  is  observed  at  the  neck  in  three  species ;  the  red 
eye  in  connexion  with  a  cerebral  ganglion  is  always  present.  They  do  not 
increase  in  large  masses. 


Salpiva  mueronaia  (Brachionus  mti- 
ertmatmj  M.). — ^Lorica  very  minutely  sca- 
Inions,  anterioriy  with  four,  and  pc^te- 
ricoly  with  three  horns,  generally  straight 
and.  of  equal  length.  The  lonca«  when 
the  creature  is  young,  is  soft  ana  bent^ 
bat  soon  hardens,  and  produces  horns. 
The  spur,  or  tactile  tube,  in  the  neck, 
t^minates  in  a  little  bristle,  as  seen  in 
xxxrv.  450.  In  some  specimens,  Ehr- 
enbeig  says,  the  lorica  appears  as  if 
punctate  or  stippled.  (447,  448,  full- 
sTown  specimens,  with  the  head  with- 
drawn ;  the  latter  figure  is  a  back  view, 
the  former  an  under  one;  449,  a  side 
view,  head  extended;  461^  an  egg  just 
deposited  on  Lemna ;  452,  an  egf^  with 
the  young  vibrating ;  450,  the  young 
one  just  escaped  from  the  shell;  453, 
the  teeth  separately.)  Length  of  lorica 
1-144". 

8.  mmigera, — ^Lorica  with  foiur  frontal 
and  three  posterior  horns ;  the  posterior 
dorsal  one  longest,  and  a  Uttle  recurved. 


Among  CeratophyUcu  Length  of  lorica 
l-140"(xxxvin.23,24). 

S.  veniraUs.  —  Lorica  stippled,  horns 
two  in  firont,  three  behino,  the  dorsal 
one  short  and  decurved.  According  to 
Perty,  a  fiiint  lens  seen  in  the  eye. 
Amongst  Conferv»,  &c    1-120". 

S.  redunca, — Lorica  smooth,  horns  two 
in  firont,  three  behind ;  two  of  the  latter 
(the  under  ones)  hookecL  the  dorsal  crest 
bifid  and  gaping ;  teeth  tour  to  each  jaw. 
Amongst  Conferve.    1-200". 

S.  kremepina. — Lorica  milky  and  tur- 
bid, but  appearing  bright;  scabrous, 
horns  two  (small)  in  firant,  and  three 
behind,  short  dorsal  crest  not  gaping; 
respiratory  tube  unknown.  Amongst 
Cerato^yUa,     1-144". 

8.  btcarmata, — Lorica  smooth,  horns 
four  in  front,  three  behind,  short ;  neither 
lateral  muscles  nor  reeqpiratory  tubes 
known.    1-216". 

&  sptmgera^  S.  ventralia,  S,  redunca, 
and  S,  bicarmata  are  probably  slightly 
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variable  fomiB  of  one  and  the  eame 


S.  tnuUca  (Perty). — Lorica  toothless 
both  in  firont  and  behind^  truncate  poe- 


terioriy  with  obtuse  an^^ 

Ere  led.    Tail-fliqps  extend  to  the  loot 

of  thetaiL 


Genus  DIN0CHAEI8  (XXXIV.  464-456).  —  Eye  mn^e,  cervieal;  foot 
furcate ;  lorica  closed  below,  with  a  sharp  lateral  margin,  but  unarmed  at 
both  ends.  The  compound  rotary  organ  has  five  or  six  muscles,  and  in  two 
species  the  foot  two.  An  oesophageal  bulb,  with  single-toothed  jaws,  is  found, 
except  in  D.  UtraetU,  which  Ehrenberg  thinks  has  four  teetii ;  0B8(^>hagas 
very  short,  alimentary  canal  constricted ;  two  oval  glands  exist  in  2>.  FoeShm 
and  2>.  tetraetis.  An  ovary  is  seen  in  all,  and  a  contractile  veflide  at  the 
base  of  the  foot  in  D.  FiciUwn.  Traces  of  a  water-vascular  system  are 
perhaps  to  be  seen  in  D.  PocUlumy  though  even  here  it  is  doabtM,  f(Nr  the 
apparently  tremulous  organ  just  behind  the  oesophagus  may  be  only  a  tre- 
mulous condition  of  an  internal  fold  of  the  stomadi.  The  only  evidences  of  a 
nervous  system  are  the  eye  and  the  long  ganglion  whidi  supports  it. 


DiNOCHABis  PocUktm  (Drichoda  iV 
cUlumf  M.^. — Lforica  nearly  cylindrical, 
with  a  slight  dorsal  ridge;  two  long 
spines  at  the  base  of  the  foot,  toes  three, 
j^xxxiv.  454,  455  represent  this  creature 
in  different  positions;  and  456  the  oeso- 
phageal bulo.)  Amongst  CeratophtfOoy 
&c     1-120". 

J),  tetractU. — ^Lorica  acute,  triangular ; 


horns  two,  at  the  l»se  of  the  foot;  toes 
two.  Thiis  species  has  longer  toes  tiiao 
the  others;  and  the  body  is  comparatively 
shorter.  With  L^nne  and  CeraiophyOa, 
1-120". 

D,  pauper, — ^Lorica  acute,  triangalirf 
horns  two,  at  the  base  of  the  tiie  foot^ 
scarcely  perceptible:  toes  two,  shoit 
1-120". 


Genus  MONUBA  (XXXIV.  467-459>.— Eyes  two,  fixmtal;  foot  simple, 
stylifomu  The  lorica  is  somewhat  compressed  and  open  upon  the  ventral 
surface :  anteriorly  is  a  hook-like  process,  which  can  be  withdrawn.  In  one 
species,  the  vibratile  organ  has  four  to  six  muscular  bulbs ;  in  both,  an 
oesophageal  bulb,  with  two-toothed  jaws,  a  very  short  cesoi^iagiis,  and  a 
simple  alimentary  canal  with  two  spherical  glands  are  observed;  an  ova- 
rium, with  a  single  large  ovum,  has  been  seen.  The  eyes  are  red,  moveable, 
and  seated  upon  nervous  masses.  The  species  are  not  only  difficult  to  di- 
stinguish from  each  other,  but  also  from  l^e  genus  Co{uru9,---the  toes  of  the 
latter  appearing  single  until  pressure  is  used. 

MoNUBA  CoUmu,  — Lorica  oval^  ob- 
tuse, obliquely  truncated  postenoriy, 
eyes  near  to  each  other.  Lorica  l-^BO''. 
Siberian  sj^edmens  1-400''. 

M.  duic%B,  —  Lorica  ovate,  anteriorly 
acute,  posteriorly   obliquely  truncate; 


eyes  distant  from  eadi  other;  the  ali- 
mentary canal  is  often  filled  with  green 
matter.  They  increase  rapidly  in  glas 
vessels,  (xxxiv.  457-450  represent  three 
views  of  this  animal.)  Amongst  Om- 
fervae.    Length  of  lorica  1-288^ 

The  two  species  of  Monura  are  referred  by  Dujardin  to  Colwrus,  or,  to 
adopt  his  appellation,  to  ColureUa, 

Genns  COLUEUS  (XXXIV.  460-462).— They  have  two  frontal  eyes,  a 
furcate  foot,  and  a  compressed  or  cylindrical  lorica.  The  lorica  is  said  to  be 
open  upon  the  under  side  (seuteUum) ;  a  compound  rotary  organ  is  present  in 
all,  over  wMch  projects  a  retractile  fronted  hook ;  an  oesophageal  bulb  with 
two  jaws,  in  two  spedes  with  two  or  three  teeth ;  the  oesophagus  very  short ; 
two  spedes  have  a  constricted  stomach  (Gasterodela),  the  others  have  a  simple 
alimentary  canal  (Coelogastrica),  all  with  glands.  The  two  red  fix>ntal  eyea 
are  delicate ;  in  C  uneinatu$  and  C,  bictu^icUUus  thoy  have  escaped  obeem- 
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tion ;  all  haye  peculiar  veflioles  at  the  baok. 
furcate. 


They  resemble  Monwra.    Foot 


Coi«X7BU8  (?)  uncifuxtuB  (Brachionm 
ume99uUu9,  M.).  —  Lorica  OYate,  com- 
prooDcd;  posterior  and  bi-pointed  toes, 
yrery  short;  at  the  middle  of  the  back  is 
geaiemXLj  a  didet  of  vesicles,  which  at 
oo»  time  Ehrenberg  considered  eyes,  but 
^whieh  he  now  re^^aids  as  vesicles  oi  oil. 
as  they  are  seen  m  all  the  species,  and 
abundantly  in  the  Cydopida.  In  fresh 
and  aea  water.    1-430"  to  1-288''. 

C.  (?)  bicuapidaius.  —  Lorica  ovate, 
oompreeeed ;  the  two  points  posterior, 
stxong;  toes  short    1-288". 


C.  eaudatu8,  —  Lorica  ovate,  com- 
pressed, posterior  points  distinct ;  toes 
longer  than  the  foot  The  shell  re- 
seinoles  C,  uncmatua,  but  the  toes  are 
much  longer.  In  fresh  and  sea  water, 
Lorica  1-288". 

C.  dpiexuB. — ^Lorica  ovate,  compressed ; 
the  shell  is  more  rounded,  and  very 
transparent  (xxxrv.  460-462  represent 
back,  under,  and  side  views ;  the  former 
shows  the  vesicles.)  In  the  clear  water 
of  a  peaty  moor.    1-240". 


Genus  METOPIDIA  (XXXTV.  463-465).— Eyes  two,  frontal ;  foot  fur- 
cate ;  lorica  depressed  or  prismatic ;  the  frontal  portion  naked  or  uncinate, 
not  provided  with  a  hood ;  indeed  they  may  be  regarded  as  LepadeUas  with 
two  red  frontal  eyes ;  the  lorica,  which  is  oval  and  semicireular  or  crescentic 
in  front,  appears  to  be  closed  on  the  under  side  (teshUa).  In  two  species  the 
rotary  organ  has  from  three  to  four  muscles ;  and  in  one  species  two  foot 
miisdee  are  observed.  Two  species  have  a  frontal  hook,  like  Colu/nis,  The 
ceaophageal  bulb  in  one  species  has  two,  in  another  four,  but  in  the  third  no 
distinct  teeth ;  a  short  oesophagus  and  two  spherical  glands  are  present  in 
all.  Two  species  have  a  distioict  constricted  stomach  (Gasterodela).  An  ovary 
ia  present ;  and  M.  triptera  has  a  contractile  vesicle.  Eye,  according  to  Leydig, 
with  a  lens. 


MxTOpmiA  LoMukBa,  —  Lorica  de- 
pressed^ neariv  nat,  broadly  ovate,  ex- 
cised m  a  lunate  manner  in  front, 
rounded  posteriorly  |  toes  somewhat 
kmffer  than  foot  This  species  resembles 
in  form  LmadeUa  ovalta  (xxxiv.  430- 
433)  and  oquameHa  JBraetea;  but  the 
former  has  two-toothed  jaws  and  no 
eyes;  tiie  latter,  four  eyes  and  indi- 
stanctiy-toothedjaws.  (xxnr.  463-466, 
bade,  under,  and  dde  views,  the  first 
and  last  having  the  rotary  organs  ex- 
tended and  in  motionO    1-240". 

M.  acummaUL  —  Lorica  depressed^ 
nearly  flat,  oval  in  shajM ;  anteriorlv 
flli^tly  excised,  posteriorly  pointed. 
This  species  resembles  OoluSru$;  but  in 
that  genus  the  eyes  are  very  close  to- 
ge^er,  and  the  lorica  open  beneath. 


Amongst  Oscillatoriie.    1-240". 

M.  triptera, — Lorica  oval,  triangular, 
back  crested :  a  section  would  resemble 
zxxrv.443.  Amongst  Conferva.  1-200". 

M.  soUda  (Gosse). — Much  resembles 
M.  ZepadeUOf  but  is  considerably  larger ; 
lorica  circular,  brilliantly  transparent ;  a 
^ight  punctation  surrounds  the  edge^ 
like  that  on  a  coin.    Lorica  1-150^. 

M.  oxyatema, — ^Resembles  M,  tr^ftertu 
but  the  dorsal  keel  is  much  higher  and 
thinner;  the  anterior  two-thircb  of  the 
ventral  surface  form  a  prominent  ridge, 
terminating  abruptly  uke  the  breast- 
bone of  a  bud ;  and  the  nosterior  portion 
is  hollowed  out  remarJuibly.  viewed 
laterally,  the  outline  of  ihe  back  is  very 
gibbous  behind.    Lorica  1-176". 


Genus  STEPHANOPS  (XXXIV.  466,  467;  XL.  8-10).  — Eyes  two, 
frontal;  foot  furcate;  lorica  depressed  or  prismatic,  the  front  expanding 
mto  a  hood  or  transparent  shield.  The  lorica,  in  two  species,  has  thorn-like 
prooeeses  posteriorly.  Li  one  species  a  longitudinal  muscle  is  observed  on 
each  side  (anteriorly),  two  muscles  for  moving  the  foot,  and  from  three  to  five 
bdonging  to  the  compound  rotary  organ.  The  oesophageal  bulb  has  single- 
toothed  jaws,  and  a  short  cBSophagos.  In  one  species  the  alimentary  canal 
is  eonstncted,  in  the  others  it  is  simple;  two  species  have  glands ;  an  ovaiy 
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exists  in  all ;  a  contractile  vesicle  in  two.    The  red  ejes  are  sitaated  on  eaA 
side,  near  the  frontal  head  in  two  species ;  in  one  they  are  jet  unknown. 

The  hood  remains  extended,  even  when  the  creature  withdraws  wiHiin  its 
sheU  (XL.  8-10). 

Stbfhanops  lameUaris  {BrachUmuB 
lameUarts,  M.). — ^Lorica  with  three  spines 
posteriorly.  The  rapid  moyement  and 
transparency  of  this  animalcule  renders 
its  organization  difficult  to  ohsenre.  A 
process  extends  upwards  from  the  oral 
opening  and  diverges  into  two  filamen- 
tous appendages.  Ceydig  affirms  that  the 
eye  has  a  distinct  hemispherical  lens^ 
and  that  the  alimentary  canal  is  divisible 
into  maxillary  bulb,  stomach,  and  intes- 
tine. The  two  latter  ciliated.  Also  a 
contractile  vesicle  present,  (xxxrv.  466, 
467,  different  views  with  the  crystalline 


hood  or  diadem.  This  hood  i 
much  larger  thui  is  represented  in  Elir- 
enberg's  figures.)  Amongst  CoaiiaTae. 
LengUi  of  lorica  about  1-^)0". 

S.  (P)  muHeus  (xi..  8-10).  —  Lorica 
unarmed  posteriorly,  entire.  Two  ey^ 
red.  Head  and  tail  larger  in  pronoitioB 
to  the  trunk  than  represented  DyEfaren- 
berp.    1-144". 

S.  drratus  (Brachiomtt  drratmt,  M.). 
—  Lorica  wim  two  spines  postoiortj. 
This  species  has  a  contractue  veside. 
1-240". 


Genus  SQUAMELLA  (XXXIV.  468,  469).  — Eyes  four,  frontal;  fiwt 
furcate.  The  lorica  is  closed  (testuld) ;  the  rotary  organ  consists  of  five  <» 
six  muscular  bulbs.  In  one  species  the  cesophageal  bulb  has  jaws,  with  two 
or  three  teeth  each;  its  tube  in  one  is  short,  in  the  other  long  and  bent 
like  the  letter  S.  Both  have  a  bipartite  intestine  (Gasterodela),  with  small 
glands ;  also  an  ovary  and  contractile  vesicle.  The  eyes  are  disposed  in  paiiB 
on  each  side  the  brow. 


Si^VAMJSLLAJBractea  (Br oMonus  Brae- 
tea,  M.).  —  Lorica  depressed,  broadly 
ovate.  It  is  very  transparent:  the  toes 
thick  and  short,  not  evident.  Length  of 
lorica  1-144". 

S.  oblonga. — Lorica  depressed,  either 
elliptical  or  ovato-oblong,  hyaline;  toes 


long  and  slender;  eyes  larger  tiian  ia 
the  foregoing  species,  (xxxiv.  468, 469 
rej^resent  hSck  and  side  views  of  this 
ammalcule.)  In  green-coloured  water, 
wiik  C^ihnwdomonasJMciaetihis,  Leogtb 
of  lorica  1-280". 


Genus  NOTOGONIA  (Perty).— Body  covered  by  a  lorica  which  £late9 
posteriorly;  posterior  margin  occupied  by  two  pointed  processes  <m  each 
side,  the  shorter  one  being  directed  backwards  and  the  larger  one  outwards. 
Two  eyes  widely  separated,  on  the  outer  margins  of  the  anterior  exiz^nity. 
Jaws  curved,  strong,  with  two  or  three  teeth.  Caudal  sete  strong  and 
bristle-Hke. 


NoTOGONiA  EkrenbergiL  —  Slightly 
ventricose,  grey.  Rotai^  organ  com- 
posed of  a  smffle  row  of  cilia;  eyes  very 
small,  pale  red.    Length,  induoing  the 


tail,  1-14'".  Motions  rather  Inisl^  re- 
sembling those  of  Brachiomis,  Amongst 
Confervw. 


FAMILY  Vn.— PHILODINJEA. 

This  femily  comprehends  Rotatoria  devoid  of  lorica,  but  possesaiiig  two 
simple  rotary  organs,  resembling  wheels.  The  body  of  most  species  is  worm- 
like,  or  spindle-shaped  (fusiform).  Portions  of  the  body  can  be  thrust  in 
and  out,  like  the  tubes  of  a  telescope ;  this  is  efieeted  by  a  sort  of  fiadse  joiiit, 
caused  by  a  peculiar  insertion  of  the  muscles.  In  all  the  species  the  foot  is 
furcate ;  and  in  C<ilUdina,  Rotifer,  Actinurus,  and  Philodina  it  is  provided 
wit^  soft  processes,  near  the  false  joints,  resembling  horns  in  shape,  as  in 
the  genus  Dinockaris  (fig.  465).    Muscles  arc  seen  in  the  genera  just  named. 
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The  nutritiye  apparatus  conmsts  of  an  oesophageal  bulb,  with  two  jaws ;  in 
three  of  Ehienbeig's  genera  these  are  double-toothed  (Zygogomphia) ;  in  two 
the  teeth  are  in  rows  (Lochogomphia).  In  the  four  principal  genera  the  ali- 
mentary canal  is  filiform ;  it  is  furnished  with  a  bladder-like  expansion  at  its 
commencement  (Traohelocystea),  and  surrounded  by  a  turbid  cellular  or  glan- 
dular mass.  In  one  genus  ike  alimentary  canal  is  conical  (CoBlogastrica),  in 
the  two  A£rioan  genera  its  character  is  unknown*  In  four  genera  the  intes- 
tine has  glands ;  in  a  like  number  an  ovary  and  glands  are  present ;  a  con- 
tractile vesicle  exists  only  in  .Botifer  and  Philodina,  which,  together  with 
Aetinwnis,  are  also  sometimes  viviparous.  In  Botifer  and  Philodina,  portions 
of  a  muscular  system  are  visible,  in  the  form  of  from  nine  to  twelve  trans- 
verse bands ;  the  same  genera,  as  also  Actinttrtts  and  Monolabis,  have  spur- 
Eke  tactile  tubes.  In  tiiirteen  species  red  eyes  are  present;  and  beneath 
these  organs,  only  what  is  supposed  to  be  nervous  matter  is  apparent. 

For  Ehrenberg's  arrangement  of  the  genera,  see  General  Mstory,  p.  479. 

"  The  characters  employed,"  says  Dujardin,  **  by  M.  Ehrenberg,  for  the 
distinction  of  his  genera  of  Philodinsea,  have  certainly  too  slight  a  constancy 
to  be  admitted ;  that  author  has  himself  seen  the  red  specks,  which  he  calls 
eyes,  vary  in  number  and  position  in  his  Rotifers.  As  to  the  appendages  of 
^e  tail  (toes),  they  are  not  always  alike  visible,  although  actiudly  present, 
because  the  animal  does  not  extend  them  except  at  certain  moments ;  the 
central  terminal  appendage — ^that  by  which  the  Rotifers  affix  themselves  to 
solid  bodies — ^is  itself  of  greater  or  less  length,  but  always  present.  We 
therefore  think  that  but  two  genera  can  be  rightly  estabHshed :  one,  CaUidina, 
diaracterized  by  the  feeble  development  of  its  ciliated  rotary  organ,  and  by 
entirely  wanting  red  specks;  the  other.  Rotifer,  with  two  or  several  red 
points  placed  more  or  less  near  the  exterior  extremity,  and,  what  is  of  more 
importance,  with  very  highly  developed  rotary  organs." 

*'  The  genera  Hydrias  and  TypJdina  are  founded  on  imperfect  observations 
made  by  the  author  during  his  journey  in  Egypt ;  and  the  genus  Monol<M$ 
ought  to  be  placed  elsewhere." 

The  family  Philodinsea  thus  formed  is  arranged  parallel  with  Brachionssai 
as  though  the  absence  of  a  lorica  were  the  only  difference  between  them. 

So  far  as  Dujardin  accepts  of  the  same  species,  his  family  Rotifera  and  that 
of  Philodinsea  of  Ehrenberg  correspond. 

The  amazing  persistence  of  vitality  in  the  Botifer  vulgaris  gives  a  great 
interest  to  this  family,  as  also  the  occurrence  of  some  of  its  members 
within  the  cells  of  aquatic  plants.  Br.  Morren's  observations  probably  ex- 
plain some  of  the  latter  occurrences;  but  it  is  a  question  whether  recent 
discoveries  in  vegetable  physiology  may  not  further  explain  the  existence 
of  these  A^niTnala  within  closed  vegetable  sacs.  For  instance,  the  origin  of 
some  cells  by  the  vacuolation  of  a  soft  penetrable  protoplasm  suggests  the 
possibility  that  tiie  Rotifera  may  deposit  their  eggs  within  the  soft,  half- 
organized  protoplasm ;  and  in  the  process  of  vacuolation  some  of  these  ova 
mig^t  rea^y  &id  their  way  into  the  vacuoles  about  to  be  converted  into 
eeUa,  the  latter  change  being  completed  before  the  embryonic  animalcule 
escaped  from  its  ovum ;  and  when  it  did  so  emerge,  the  completion  of  the 
vegetable  process  would  cause  the  animal  to  find  itself  imprisoned  within  the 
walls  of  a  v^etable  cell. 

Genus  CALLEDINA  (XXXTV.  470-473).— Distinguished  by  possessing  a 
proboscuB,  and  a  foot  furnished  with  processes  resembling  horns,  and  by  the 
absence  of  eyes.  The  vibratile  or  rotary  organ,  is  double,  not  pedided,  and 
Is  surmounted  by  a  thickly  ciliated  proboscis.    The  furcate  foot  has  two 
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elongated  toes,  four  little  horns  or  processeB,  and  six  points.  Mnsdes  tx 
moving  the  foot  are  also  visible.  The  cBsophageal  bulb  has  two  jaws,  with 
numerous  delicate  teeth.  The  filiform  alimentaiy  canal  has  a  bladder-like 
ezpansi<m  posteriorly,  but  is  not  provided  with  glands :  it  is  sorrofonded  by  a 
grannlar  and  cellular  mass,  whose  fymction  is  unknown ;  Ehrenberg  Hunks 
it  o(mnected  with  reproduction.  An  ovarium,  with  single  laige  ova,  is  seen. 
A  little  spur-like  process  projects  from  the  neck.  No  indicatioii  of  a  nervoua 
system  is  observable. 


in  the  oesophagus.  Swims  in  rather  an 
eel-Hke  manner.  C,  eatuiricta  (IHu.),  so 
named  on  account  of  the  oontracted  roim 
of  its  zotaiy  apparatus.  Its  jaws  pre- 
sent a  row  of  doeely-eet  pazallel  teetL 
1-62". 

C.  bidens  (Qoaae).  —  Body  spmdle- 
shaped,  jaws  nimished  with  two  aistinct 
teem.  1-45".  Perhaps  this  is  no  other 
than  C,  degoMy  the  jaws  of  which  Ehr- 
Mibeig  describee  as  having  many  ddicate 
teeth.  I  have,  however,  examined  nu- 
merous specimens,  and  have  always  Ibuad 
them  distinctly  two-toothed. 

Genus  HYDBIAS  (XXXY.  474). — It  is  devoid  of  eyes,  proboscis,  and  the 
little  horn-like  processes  at  the  foot ;  thd  two  small  rotary  oigans,  or  wheels, 
are  supported  on  pedides  or  arms. 

An  oesophageal  head,  and  an  ovary,  with  a  large  ovum,  have  been  seen  by 
Ehrenberg.  The  form  is  like  a  naked  Pterodina.  This  genus  is  constructed 
for  an  AMcan  Rotatorian  imperfectly  observed. 

Htdbias  cormgera, — Ovate,  hyaline; 
foot  attenuated,  resembling  a  furcate 
taiL  XXXV.  474  represents  an  animal- 
cule ext^ided.     With  OsciUatorisB,  in 


CALLinmA  eiegam, — Spindle-shaped, 
crystalline ;  rotary  organs,  or  wheels, 
smalL  (xxxiv.  470-472 ;  478,  the  eggs.) 
In  bog-water  and  infusions  of  oak-banc. 
1-72". 

C.  rediowa  (Ehr.).  —  Fusiform,  dif- 
fusely granular  or  else  fleshy;  with  red, 
distinct  ova,  and  strong  rottury  organs. 
1-60"  to  1-48" :  ova  1-576".  Berlm ;  in 
the  sediment  oi  water-spouts  of  houses. 

C.  eomuta, — On  each  side  of  the  head 
a  abort  horn-like  nroceas.  Maxillary 
bulb  much  wider  benind  than  in  C  ele- 
Ciliary  motion  unusually  strong 


standing  water  from  a  small  spring  at 
Siva,  in  the  Oasis  of  Jupiter  Ammon. 
1-190". 


Genus  TYPHLINA  (XXXV.  475).— like  the  last,  is  an  African  fonn. 
Devoid  of  eyes,  proboscis,  and  horn-like  processes  at  the  base  of  the  foot ; 
but  its  little  wheels  are  sessile.  It  resembles  a  very  small  Botifery  withoot 
frontal  i»roboscis  or  eyes. 


Typhlina  viridis,  —  Body  oblonffo- 
conical,  small  (xxxv.  475\  Found  oy 
Dis.  Hemprich  and  Ehrenoerg  in  a  pool 


near  Cairo  in  Egypt,  in  such  numbers  as 
to  c(dour  the  water  green.    1-720". 


Genus  EOTIFER  (XXXV.  476-480;  XXXVIH.  1-8).— Body  fdsifonn. 
Able  to  retract  and  protrude  its  little  foot  with  its  appended  horns.  Eyes 
two,  placed  upon  the  frontal  proboscis ;  foot  provided  with  little  hom-like 
(comiculate)  processes,  and  two  toes  bisulcate  at  their  ibices.  A  douUe 
rotary  organ,  furnished  with  muscleis,  is  seen  in  all  the  spedes ;  also  longi- 
tudinal and  foot  muscles  in  three  of  l^em ;  a  fiiroate  foot  and  horn-like  pro- 
oesses  in  four  species ;  in  B.  citrinua  the  pincer-like  portions  <^  the  foot 
appear  to  be  tri-pointed ;  in  R.  eryikroBus  they  seemed  to  be  drawn  in. 
In  four  species  a  muscular  oesophageal  bulb,  with  jaws,  each  two-toothed,  is 
seen;  in  three  species  the  alimentary  canal  is  filiform,  with  a  vesicidar 
expansion  at  the  extremity,  but  no  OBS(^hageal  tube ;  it  is  moreover  sur- 
rounded by  a  cellular  glandulose  turbid  mass ;  another  species  has  a  conical, 
tubular  alimentary  canal,  without  the  surrounding  mass  or  expansion  at  the 
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snd ;  tiie  four  Emopean  species  have  two  spherical  aHmentaiy  glands^  and 
ui  ovary,  with  a  few  large  ova ;  occasionallj  these  species  are  viviparous, 
[b  three  of  them  a  contractile  vesicle  is  present.  In  E.  macmrus,  near  the 
ilimentaiy  canal  are  two  glands*  In  three  species  from  nine  to  twelve 
parallel  transverse  muscular  bands  have  been  observed;  and  besides  these, 
in  the  foor  European  species,  styliform  tubes  emanate  from  the  neck,  which 
in  one  species  are  eiHated  anteriorly.  Two  red  frontal  eyes  are  met  with  in 
the  four  Emopean  forms,  and  beneath  them,  in  E.  vulgcms,  two  ganglia. 


'RorrxwsBtmlgans  (VorUoeUa  rotatoria, 
M.)  (XXXV.  470-480).— Body  fusifonn, 
wlute,  gradually  attenuated  towards  the 
foot ;  eyes  romid.    This  creature,  which 
was   diacovered  by  Leeuwenhoek.  was 
described  and  illustrated  in  the  Micros 
4C€pie  CMnet  someyears  ago,  prior  ^to 
the  appearance  of  Ehrenberg's  observa- 
tioDS.     '*  It  has  the  power  of  contracting 
<3r  extending  the  length  of  the  body  in 
the  following   remarkable   manner :  — 
When  the  creature  is  about  to  shorten 
itself  transverse  folds  or  joints  are  ob- 
servable, which  do  not  appear  to  be  con- 
fined in  number  or  situation;  the  in- 
teguments^ when  a  joint  is  produced, 
are  drawn  within  the  parts  anove,  and 
slide  out  like  the  tubes  of  a  telescope, 
when  ^e  joints  disappear.    It  is  tnis 
power  that  enables  it  to  assume  the 
toim  of  A  sphere,  the  head  and  tail  being 
^:awn  within  the  body."    Anteriorljr  it 
has  a  proboscis-like  process,  with  a  <nli- 
ated  extremity,  and  a  soft  hook,  near 
which  are  two  dark  red  joints.  The  body 
terminates  posteriorly  m  a  moderately 
long  tail-lij»  foot,  having  six  processes 
diBpoeed  in  pdrs;  two  wreaths  ofcilia(the 
wheels),  voluntarily  moveable,  are  placed 
iqpon  ^ort  thick  arms  (pedided),  which 
can  be  drawn  in  and  out  at  pleasure: 
these  wreaths  serve  for  swimming  and 
purveying,  the  food   approaching   the 
mouth  through  the  cuirents  produced  in 
the  water  by  the  dlia.    On  the  dorsal 
smfiiee  is  a  styliform  horn  (specuktm 
coOare,  M.),  at  the  end  of  whicn  Levdig 
detected  retractile  cilia.    During  Tiora- 
tion  ^e  neck  has  a  circular  folc^  which 
ttpears  on  each  marnn  in  a  front  view 
nke  a  lateral  style.    Tour  longitudinal 
mufldies,  two  anterior  and  two  posterior, 
are  seen ;  laterally  also  two,  dub-shaped, 
for  moving  the  foot,  and  two  belonging 
to  the  rotary  orgaiL    Sometimes,  says 
Ehrenbeig,  four   anterior  longHitudinal 
muscles  imd  a  dorsal  and  ventral  muscle 
appear  to  be  present  It  has  two  kinds  of 
locomotion,^-one  by  alternately  attach- 
ing the  mouth  and  foot,  and,  as  it  were, 
stepping  along ;  the  other  by  swimming, 
through  the  rotary  apparatus.     If  the 


creature  attach  itself  by  the  foot,  and 
the  rotary  apparatus  be  in  motion,  a 
strong  current  or  vortex  is  produced  on 
each  side  the  wheels,  resembling  two 
spirals  in  the  water,  which  bring  the 
nutritive  partides  to  the  mouth,  from 
which  some  are  chosen  and  the  rest  flow 
away.  In  order  to  observe  this  action  with 
effect,  findy-divided  carmine  or  indigo 
must  be  mixed  in  the  water.  The  oral 
aperture  is  placed  just  beneath  the  hook- 
like proboscis,  from  whence  it  continues 
backwards  as  a  long  extensible  tube,  as 
fS&r  as  the  oesophageal  head,  which  has 
four  musdes  and  two  striated  jaws  with 
double  teeth  (Zyj^ogomphia).  fVomthis 
point  a  filiform  mtestinal  canal  extends 
posteriorly,  forming  an  oval  expansion 
near  its  termination  at  the  amis,  at  the 
base  of  the  tail-like  foot.  A  thick  fflan- 
dular  cellular  mass,  often  ydlowi^  or 
^[reenish^  surroimds  tiie  alimentary  canal; 
its  use  18  unknown :  anteriorly  are  two 
biliary  glands.  The  propagative  system 
is  very  mteresting :  tne  ovary  is  a  glo- 
bose glandular  mass;  in  it  iour  or  five 
ova  sometimes  so  completely  develope 
themselves  that  the  young  creep  out  of 
their  envelopes,  extend  themsdves,  and 
put  their  wheels  in  motion  while  within 
the  ovary ;  they  sometimes  occupy  two- 
thirds  the  length  of  the  parent  In  the 
ovum  the  young  are  coiled  up  in  a  spiral 
manner.  A  contractile  veside  exists,  and 
eleven  or  twdveparallel  transversebands. 
probably  muscular.  The  two  red  frontal 
eyes,  with  a  ganglion  beneath  them,  in- 
dicate a  nervous  system.  These  eyes  are 
cells  filled  with  a  granular  pigment^  and 
sometimes  separate  abnormally  into  se- 
veral ;  Leydiff  affirms  that  they  contain 
a  refracting  body.  Txxxv.  476,  a  foil- 
grown  animal  extenaed,  and  supposed 
to  be  attached  to  a  &ced  body — ^the 
currents  about  the  trochal  disc  as  dis- 
played when  indij^  is  nut  in  the  water; 
477,  an  under  view,  tne  wheels  with- 
drawn, and  body  contracted ;  478,  an 
extended  BotifeTf  wheels  withdrawn ; 
479,  480,  upper  portions  more  highly 
magnified,  after  submission  to  difierent 
degrees  of  pressure  between  the  plates 
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of  a  compressor.  In  xxxv.  476-478,  ote 
are  seen ;  some  are  developed,  and  their 
eyes  and  oesophageal  bulb  visible.  The 
transverse  muscles,  and  the  tube  pro- 
jecting from  the  neck,  are  seen  in  the 
engravings.  Found  in  fresh  and  sea- 
water,  in  infusions,  on  the  flooculent 
matters  of  water-plants,  and  even  within 
the  cells  of  some,  e.  y.  of  8^>haaimm  and 
Vaucheria,  ftc.  (See  Part  L  p.  466.) 
1-60"  to  1-24". 

R.  (?)  eitrimu, — ^Fusiform,  lower  part 
ffraduallj  attenuated  into  a  foot;  its 
horn-like  processes  elongated ;  eyes 
round  and,  according  to  Leydig,  con- 
taining a  refracting  bodjr ;  cervi(^  tube 
tooth^L  The  extremities  are  transpa- 
rent, the  middle  of  the  body  of  a  citron 
colour;  it  often  exhibits  longitudinal 
folds,  and  is  then  less  transparent 
Amongst  Oscillatorifls.     1-24". 

R.  (?)  enfthrteus.  —  Small,  oblong, 
suddenly  attenuated  into  a  long  foot 
1-240". 

R.  macrunu  (  VorticeUa  macmroy  M.). 
— Transparent,  ovato-oblong,  sudden^ 
attenuated  into  a  long  foot ;  this  is  di- 
stinguished from  Actinurua  by  its  small 
toes,  horn-like  processes,  and  suddenly- 
attenuated  body.  The  style,  or  antennal 
tube,  is  ciliated  in  a  star-like  manner. 
The  wheels  are  prominent  A  long 
stomach  is  succeeded  by  a  short  intes- 
tine ;  on  each  side  is  a  convoluted  water- 
vascular  canal,  but  without  vibratile 
tags.  Eyes  either  two,  hemispherical, 
abruptly  truncate  anteriorly,  red,  ana 
with  a  refracting  medium,  or  elongated 
posteriorly,  becoming  divided  into  seve- 


ral rows  of  linear  points,  wiHioat  re* 
fracting  media.  It  is  altogether  a  choice 
subject  for  the  microscope.  In  boggj 
water.     1-360". 

R.  tardus,  —  Hyaline,  fusiform,  gra- 
dually attenuated  to  the  foot,  and  having 
deep  strictures  in  the  form  of  square 
ffidse  articulationB  or  joints;  eyee  ob- 
long. It  resembles  internally  JZ.  vul^ark. 

Of  the  several  species  of  Rotifer,  and 
of  the  following  one  of  AetimtruSy  de- 
scribed by  Ehrenbeig,  M.  Dnjaidin  con- 
fesses his  inability  to  discover  the  specific 
differences,  although  he  admits  diversity 
of  habitat,  and  of  resistance  to  the  pro- 
cess of  desiccation.  He,  however,  be- 
lieves he  has  diBCOveied  a  Rotifer  spe- 
cifically distinct  from  any  variety  of 
Rotifer  v%dgar%$ ;  this  he  would  desig- 
nate 

R.  inJkUm  (xxxvm.  1-3).— It  is  lees 
slender  than  Jc.  mUforts,  its  rotary  organs 
of  less  size,  and  its  red  specks  seated 
very  near  the  jaws.  1-68  .  In  water 
or  wet  moss. 

Of  this  species  Dujardin  infers  that 
Ehrenberg  has  constructed  at  least  four 
others,  accordmg  to  the  rose  or  yellow 
colour  it  presents,  the  form  of  the  eyes, 
and  the  len^  of  the  caudal  appendages, 
viz.  PhUoAna  eryophthalma,  JP.  roeetdOf 
P.  cttrma,  P,  maeroshfla.  At  the  same 
time  he  would  r^^ard  P.  coUarity  P.  me- 
galotrocha,  and  Jr.  aculeata  as  distinct 
forms  of  Rotifera. 

R.  tnacroceroe  (Gk)sse). — ^Wheels  lane; 
antennal  process  (the  respiratory  tube, 
Ehr.)  very  long  and  mobile.    1-100". 


GtenuB  AcTUnURFS  (XXXV.  481-484).— Eyes  two,  frontal;  foot  fur- 
nished with  two  little  horn-like  processes,  and  three  toes.  In  other  req»ect8 
the  organization  resembles  Rotifer  vtdgarU, 


AcTiNUBUS  Nieptumus  ( VorticeQa  ro- 
tatoria, M/). — ^White,  fusiform,  ^pradually 
attenuated  into  a  long  foot  having  three 
equal  toes  exceeding  the  horn-like  pro- 
cesses in  length.  The  action  of  the  jaws 
in  the  OBsophageal  head  is  often  distinctlv 
seen.  (zxxv.  481,  an  animal  extended^ 
with  the  wheels  withdrawn,  which  is 


I  the  case  when  crawling ;  the  antenna  is 
.  then  seen,  terminated  by  a  single  delicate 
'  hair-like  point ;  482,  contracted,  head 
I  partiallv  withdrawn ;  484,  the  upper  part 
f  when  tne  wheels  are  extender  and  in 
I  action ;  483,  the  oesophagus  and  jaws, 
I  separated  and  extended  under  pressure.) 
I  1-36"  to  1-18". 


Genus  MONOLABIS  (XXXV.  485,  486).— Eyes  two,  frontal  red;  foot 
with  two  toes,  but  no  horn-like  processes.  They  are  provided  wiUi  mnscks 
for  moving  the  doable  rotary  apparatus,  two  for  moving  the  foot,  and  four 
belonging  to  the  oesophageal  bulb  and  jaws,  which  last  are  frimished  with 
double  teeth,  or  teeth  in  rows.  A  very  short  ossophageal  tube  and  a  simple 
conical  alimentary  canal  are  seen  in  both  species;  one  of  them  has  two 
spherical  glands;  an  ovarium  b  seen  in  both,  but  in  neither  have  fully. 
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deyeloped  ova  or  male  organs  been  observed, 
is  present. 


In  one  species^  a  tactile  tube 


MoNOUiBis  eoniea, — Stout;  provided 
with  a  tactile  tabe^  or  spur,  and  three 
teeth  in  each  jaw.  Between  the  rotary 
oigana  the  brow  can  proi  ect  and  resemble 
a  proboecis.    (xxxv.  485,  486  represent 


different  views  from  the  imder  side.) 
1-120".  ^ 

M.  aracUu, — ^Hae  a  more  slender  body 
than  the  last,  and  two  teeth  in  each  jaw, 
butnotube  orspur.  Length  about  1-^00". 


Genus  PHILODINA  (XXKV.  487-490;  XXXVIII.  4).  — Eyes  two, 
cervical,  foot  with  horn-like  processes.  All  the  species  possess  two  vibratile 
or  wheel  organs  upon  the  breast,  and  five  of  them  have  a  frontal  ciliated 
proboscis.  Longitudinal  muscles  are  distinct  in  one  species,  and  two  for 
moving  the  foot  in  six.  The  oesophageal  bulb  has  four  muscles ;  its  jaws  are 
two-toothed  in  four  species,  three-toothed  in  two  species ;  but  in  one  species 
the  oBsophageal  bulb  has  not  been  satisfactorily  seen.  The  alimentary  canal 
b  filiform,  with  a  posterior  enlargement  in  six  species ;  in  one  it  appears  to 
have  poaches  or  pockets.  The  glandular  or  cellular  mass  surrounding  the 
filiform  part  of  the  canal  sometimes  becomes  distinctly  coloured  when  the 
creature  eats  coloured  food,  and  therefore  seems  connected  with  the  nutritive 
system,  and  is  probably  a  convolution  of  csBcal  appendages.  Biliary  (?)  glands 
are  found  in  six  species.  The  ovary  developes  e^;s,  which  are  usually  extruded 
before  i^e  young  are  hatched.  Three  species  possess  a  contractile  vesicle ;  one, 
vibratile  tags.  A  tube,  in  some  cases  ciliated,  is  always  present  at  the  neck. 
Transverse  bands  are  seen  only  in  P.  erythrophihaJma.  Eyes  are  found  in 
all  the  species,  and  nervous  ganglia  connected  with  them  in  P.  erytkroph' 
ihaJma :  sometimes  the  eyes  are  very  pale ;  hence  a  solitary  specimen  may  be 
mistaken  for  a  CaJUdina.  XXXVIII.  14  is  a  diagram  of  the  head  of  PhUo* 
dina  as  viewed  in  front,  and  ^  15  of  the  same  viewed  laterally. 

Phu^dina  erythrophthahna  (xxxvin. 
4). — White  and  smooth ;  eyes  round ; 
hem-like  processes  of  the  foot  short ; 
jaws  two-toothed.  Found  abundantly 
daring  the  spring  and  summer  in  water- 
tubs  and  amon^  Confervad.  In  glass 
vesseb  it  increases  rapidly;  and,  if  sup- 
plied oocaa<mally  with  two  or  three  stems 
of  hay,  the  breed  may  be  preserved  for 
years.  It  is  often  met  with  in  vegetable 
infusions  of  different  kinds.    1-&0"  to 


1-48". 

P.  roseola, — Body  smooth ;  eyes  oval, 
hora-like  processes  of  the  foot  short. 
'^I  have  observed,"  saysEhrenberg,  ''that 
tins  animalcnle,  when  kept  in  glasses, 
dqKMits  its  eggs  in  hesps,.  and  the  parent 
rasHdns  a  l<mg  time  with  the  young  ones 
produced  from  them,  forming  a  sort  of 
nonily  or  colony,  which  circumstance  we 
are  not  to  be  hmdered  from  ascribing  to 
a  9m90  of  company  or  family ,  though  the 
pride  of  man  may  lau^h  at  it"  QaoLY, 
490  represents  one  with  the  wheels  ex- 
tended)!   1-72"  to  1-48". 

P.  eoOaris. — ^Body  smooth,  hyaline,  or 
white,  eyes  round :  a  prominent  annulus 
or  c^lar  surrounds  the  neckt  It  is 
espedsUy  characterized  bv  the  extent  of 
the  alinMntary  canal,  and  c»cal  appen- 


ded attached  to  it;  so  that,  when  the 
ammalcule  is  fed  upon  indigo,  it  appears 
pdygastric    1-120". 

r.  maerottyla. — ^White  and  smooth, 
with  oblong  eyes:  it  has  three  teeth  in 
each  jaw ;  hom-liKe  processes  of  the  base 
of  the  foot  long.  Foimd  amongst  Oscil- 
latori».    1-70". 

P.  eHrma, — Smooth,  citron-coloured 
in  the  middle;  extremities  white ;  eyes 
variable  in  form;  horn-like  processes 
slightly  elongated.  Found  amongst  Os- 
cillatorije.    1-70". 

P.  actdeata, — ^White,  provided  with 
soft  spines ;  eyes  round.  The  tactile  tube 
(antenna)  is  thickened  anteriorlv  in  a 
globose  manner;  the  jaws  have  each  three 
teeth.  (XXXV.  487.  488  represent  this 
animalcule ;  and  489  the  jaws  and  teeth 
separate.)    1-70". 

T.  megalotrotha, — ^White;  body  smooth 
and  short ;  wheels  large ;  the  proboscis 
between  them  long ;  eves  oval ;  jaws  two- 
toothed.  Two  steaight  sets  at  the  end 
ofthetaiL    1.216"to  1-108". 

P.  Mrtuta,  —  Of  a  pale  yellow  co- 
lour, and  covered  with  a  short  down } 
eyes  oblong;  foot  prolonged  by  dorsa) 
spines;  viviparous.  Length  1-72";  of 
egg  1-480".    Berlin. 
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FAMILY  VIII.— BRACHIONiEA. 

The  oonduding  family  of  the  Rotatoria,  BRACHioir.fiA,  is  distinguished  by 
its  members  having  two  rotary  organs  and  a  lorica. 

The  lorica  is  open  at  the  extremitieB,  like  a  tortoise's  carapace.  The  rotary 
apparatus  is  often  apparently  composed  of  five  parts,  three  central  and  two 
lateral ;  of  which  the  latter  alone  belong  actually  to  it,  the  others  being  only 
ciliated  frontal  portions,  which  during  the  yibration  of  the  trochal  disc  remain 
stiffly  extended  as  feelers.  Besides  these  appendages,  the  disc  preeents  in 
most,  perhaps  in  all  the  species,  two  sets,  as  is  seen  also  in  Synehoeta.  The 
genera  Noteus  and  Brachumus  have  a  forked  foot,  AamuraBa  is  destitute  of 
feet ;  and  Pterodina  has  a  suctorial  disc  at  the  end  of  the  foot,  but  no  toes. 
All  the  genera  haye  jaws,  with  teeth  attached  to  an  oesophageal  head,  haying 
four  muscles.  In  Pterodina  the  jaws  are  partly  two-toothed  and  the  teeth  in 
a  line  (zygogompMa,  hchogomphui),  in  the  other  genera  they  are  many- toothed 
(polygcn^hia).  In  NoieuB  and  Pterodina,  the  alimentary  canal  is  constricted, 
forming  stomachs  (gasterodela) ;  in  the  rest  it  is  partly  simple  (eoelopastrioa\ 
partly  with  stomachs.  Glands  have  been  obseired  in  aU  the  genera,  as  also 
an  oyaiy  and  contractile  yeeide.  Many  species  of  Anuroeay  BraMonvs,  and 
Noteus,  carry  their  eggs  attached  to  them,  after  expulsion.  In  aU  the  gen^a, 
except  Pterodina,  internal  tremulous  tags  attached  to  the  water- vascular 
canals  have  been  observed.  A  nervous  ^tem  is  supposed  to  be  indicated  by 
the  presence  of  red  visual  points  in  all,  except  Noteus,  which,  however, 
possesses  what  is  believed  to  be  a  cerebral  ganglion. 

Some  of  the  BrachionsBa  may  become  so  numerous  as  to  render  the  water 
milky  and  turbid. 

Ehrenberg's  classification  of  this  fomily  is  given  at  p.  479. 

It  was  amongst  the  Brachionea  that  some  g(  the  most  interesting  of  ree^t 
investigations  were  first  made  by  Perty,  Cohn,  and  Leydig.  Thus,  striped  or 
voluntary  muscles  have  been  noticed  in  Braehionus  miUiaris  by  Cohn,  and  in 
Pterodina  by  Leydig;  whilst,  in  the  latter  case,  the  same  distinguished 
observer  alleges  that  he  finds  a  refracting  body  in  the  eye  similar  to  what  he 
had  detected  in  Euehlanis  and  Stephanops,  In  Braehiowus  ureeolaris  and 
militaris,  again,  Perty  and  Cohn  have  established  the  existence  of  dioecious 
sexuality  amongst  the  Rotatoria — ^the  male  animal,  as  in  the  previously  de- 
scribed dioecious  forms,  being  devoid  of  an  alimentary  canal ;  and  to  this  list 
Mr.  Gosse  has  since  added  B,  Pala,  B,  ruhens,  B.  amphiceras,  B.  anffnlaris, 
B,  Dorcas,  and  B,  Mvlleri,  Its  rarity,  and  the  comparatively  short  period  of 
time  during  which,  according  to  Perty,  the  male  animalcule  of  BraMomts 
ureeolaris  exists,  probably  explain  why  these  creatures  have  been  so  long  over- 
looked. Cohn  observed  that  the  contractions  and  expansions  of  the  contrac- 
tile sac  at  the  base  of  the  water- vascular  canals  of  Braehiowus  miUlaris  wero 
accompanied  by  a  corresponding  motion  in  their  wateir  contents.  At  eadi 
contraction,  or  systole,  a  stream  was  expeUed  into  the  doaca,  communicating 
with  the  water  in  which  the  creatdre  lived,  whilst  an  opposite  movement 
attended  the  expansion  or  diastole  o^  the  sac.  These  facts  strongly  corro- 
borate the  supposition  that  the  water-vascular  canals  are  the  true  respiratory 
organs  of  the  Rotifers,  corresponding  witii  the  remarkable  analogous  <Hrgana 
arising  from  the  cloaca  of  the  Holoihurice  amongst  the  radiated  s^Tiimftla ;  the 
pure  oxygenated  water  being  thus  carried  to  the  fluid  distending  the  body, 
which  frdfils  the  ftinctions  of  the  blood  in  higher  animals,  and  afibrding  an 
example  of  the  "  Phlebentcrism"  of  the  French  naturalist  Quatrefeges. 

In  Braehionus  miUiaris,  Cohn  has  also  pointed  out  the  existence  of  three 
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distinct  classes  of  ^ga — ^viz.  winter,  summer,  and  male  ova — all  differing  in 
their  form  and  aspect. 

Genus  N0TEU8  (XXXV.  491-494 ;  XXXVIII.  26).— Eyes  absent;  foot 
furcate  {Brachioni  wanting  eyes).  The  two-wheeled  trochal  disc  has  between 
its  portions  a  three-lobed  dlmted  brow,  but  has  no  long  bristle-like  feelers ;  it 
poasesses  (as  also  does  the  furcate  foot)  distinct  muscles.  The  lorica  has  spines 
both  anteriorly  and  posterioiiy ;  an  oesophageal  head  with  jaws  having  many 
teeth  (polygomphia),  a  constricted  alimentary  canal  or  stomach  (gatterocMa) 
with  two  hrge  glands,  an  ovarium,  and  a  contractile  vesicle  are  to  be  recog- 
nized. There  is  also  a  trace  of  tremulous  tags,  a  short  and  thick  water- 
vascular  tube,  and  a  laige  central  ganglion,  lying  between  the  muscles  of  the 
vibratory  organs.  Dujardin  considers  the  absence  of  eyes  insufficient  to 
constitute  thu  a  genus  apart  from  Brachionus, 


tremulous  tags;  a  short  and  obscure 
siphon  between  the  large  spines  on  the 
front  of  the  body.  Tms  animftlc^n^  is 
large,  very  transparent,  and  of  a  whitish 
colour,  (xxxv.  ^1-493  represent  dorsal, 
ventral,  and  side  views;  and  494  the 
jaws  separate,  and  under  pressure.) 
Found  amongst  decayed  sedge-leaves 
and  Oscillaton®.    1-120"  to  1-72". 


NoTavBguadriearms (xxxv.  491-494 ; 
xxxvnL  2o). — iKNrica  suborbicular,  de- 
pressed, rough  and  urceolated,  with  four 
spines  ant^oriy  and  two  posteriorly. 
Kotary  organ  sunple,  with  a  deep  onl 
Ibssa;  three  lobes  on  its  free  sur&ce. 
Alimenlary  canal  as  in  Brachionus,  A 
contractile  sac  on  the  right  of  the  cloaca 
giving  off  two  canals,  each  bearing  three 

Genus  ANTJKiEA  (XXXV.  495-498).— Brachionaea  with  a  single  cervical 
eye,  but  no  foot  (Braehioni  without  feet).  In  seven  species  the  lorica  has 
four  longitudinal  rows  of  fiacettes  upon  the  back ;  in  three  it  is  smooth ;  in 
thirteen  species  it  is  spinous  anteriorly,  and  in  seven  pHoeteriorly  also.  A, 
Urends  has  a  moveable  spine  on  each  side  :  of  one  species,  only  the  empty 
shell  has  been  seen ;  in  tiie  rest  the  muscles  of  the  rotaiy  organ,  but  not  the 
longitudinal  muscles  of  the  body,  have  been  observed.  Jaws  and  teeth  are 
seen  in  nine  species.  Alimentary  canal  constricted  (gasterodela)  in  four ; 
simple  and  conical  (ecdogastrica)  in  nine.  Two  glands  are  placed  at  the 
commencement  of  the  alimentary  canal ;  an  ovary  is  seen  in  twdive  species, 
but  a  contractile  vesicle  only  in  one  of  the  larger  and  smooth  species,  in  which 
also  four  tremulous  tags  are  found.  In  three  species  siphons  emanate  from 
the  neck.  The  eye-speck,  which  is  always  present,  is  supposed  to  indicate 
the  existence  of  a  nervous  system.  In  A.  sqiuimvia,  A.  curvicomis,  A.  biremis, 
A,  striata,  and  A.  foliacea,  what  is  thought  to  be  nervous  matter  is  seen  below 
it.  Eight  species  have  their  ^;gs  attached  to  them  after  they  are  expelled. 
They  swim  freely,  thou^  not  very  quickly.  This  genus  has  the  name  of 
AfwureUa,  given  to  it  by  Bory  St.- Vincent,  and  retained  by  Dujardin. 

a.  Species  potteriorly  devoid  of  spines  and  pedicle. 

AinmiBA  (P^  quadriderUata, — ^Lorica 
oblong,  with  four  horns  anteriorly,  its 
posterior  end  obtuse,  back  tessellated. 
1-216"  without  the  horns. 

A.  Sguamula  (Brachionus  Squamula, 
M.).— Smooth,  obtusely  square,  with  six 
homa  in  fronl^  obtuse  behind,  (xxxv. 
495-497  represent  different  views  of  this 
animalcule,  the  two  latter  with  an  egg 
attached.)    1-240". 

A. /a^boto.— Oblong  ;  with  six  spines 
aatenorly,  the  two  central  of  which  are 


curved  outwards,  like  sickles.  Surface 
of  the  lorica  not  ridged,  but  rough ;  pos- 
terior extremity  obtuse.     1-144  . 

A.  rtim<»rw«.--Nearly  square,  with 
six  frontal  horns,  the  two  middle  ones 
larger  and  curved  outwards  and  down- 
wards. Dorsal  surface  tessellated;  its 
laige,  red,  round  eye  is  seated  upon  a 
laige  nervous  ganghon ;  the  oesop^        ' 


bulb  has  three-toothed  jaws.  This  ani- 
malcule also  carries  the  eggs  attached. 
1-210". 

2z2 
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A.  biremi$, — ^Linear  and  elongated, 
with  four  honiB  anteriorly;  back  rery 
amooth,  and  haying  two  lateral  spinea, 
like  oars.  The  oesophageal  heaa  has 
three-toothed  iaws.  In  phosphorescent 
sea-water.     1-144". 

A.  striata  (Braehiomu  gtruUus,  M*).-- 
Linear  and  elongated,  with  six  horns  in 
front,  and  four  on  the  abdominal  sui^M^e 
of  the  k>rica;  the  backwith  twelve  longi- 


tudinal fluting  or  rays^  and  obtuse  at 
the  end.  This  species  is  very  diange- 
able  in  form,  owin^r  to  the  membranous 
lorica  yielding  to  the  contraction  of  the 
body:  hence  it  is  sometimes  long,  at 
others  short,  sometimes  urn-shaped,  bell- 
shaped,  and  even  almost  disc-shaped; 
the  first,  however,  seems  to  be  thencnmal 
form.    In  fresh  and  salt  water.    1-lW. 


b«  Sj^tnous  or  attenwU&d  posteriorly. 


A.  mermii, — Lorica  oblong,  attenuated 
and  truncated  posterioriy ;  no  spines  an- 
teriorly ;  back  mmished  with  fiamt  longi- 
tudinal rays.  In  peat-water.  Length 
when  extended,  1-144". 

A.  acuminata. — Lorica  oblong,  attenu- 
ated and  truncated  at  the  posterior  extre- 
mity, hevinjg  anteriorly  six  sharp-pointed 
horns  or  spines,  twelve  longituoinal  rays 
on  the  4wck.  Amongst  Confervae. 
Length  about  1-120". 

A.  fcHiacea, — Lorica  oblong,  six  spines 
anten<»ly,  posteriorly  tenmnatinff  in  a 
spine ;  dorsfu  and  ventral  surfaces  longi- 
tudinalhr  striated ;  frontal  region  rough. 
It  has  mur-toothed  jaws,  and  a  central 
ganglion  below  the  e^^a.    I-IBO". 

A.  tt^ntata  (Braduomta,  M.). — ^Lorica 
nearly  square,  or  triangular;  anteriorly 
six  spines ;  posterior  pointed  like  a 
pedicle;  the  oack  tessellated,  (xxxv. 
498  represents  a  dorsal  view,  with  the 
wheels  extended.)  Length  about  1-900". 

A.  Tastudo, — ^Lorica  square,  having 
anteriorly  six  straight  spines,  all  (u 
nearly  the  same  len^li,  and  posteriorly 
a  short  one  at  each  comer.  The  upper 
and  under  surfiEuses  are  rough,  the  former 
tessellated  like  Noteus,  Lemrth  about 
1-200". 


A<  terrtdata.  —Lorica  ovate,  square, 
with  six  unequal  spines  anteriorl^f,  the 
two  middle  ones  long  and  curved ;  it  has 
two  short  spines  at  uie  posterior  angles, 
which  are  sometimes  scarcely  apparent 
The  surfiices  are  rough,  and  the  doml 
also  tessellated,  like  the  preceding  species. 
Independently  of  the  two  wheela,  die 
brow  has  tiiree  cylindrical  ciliated  pro- 
cesses, which  are  truncate  at  their  extre- 
mities.   1-216". 

A.  amleata  (BraMomu  quadratm, 
M.). — ^Lorica  square,  with  six  spines  an- 
tenorl^,  the  two  middle  longest ;  at  tiie 
postenor  angles  are  two  long  and  equal 
spines ;  back  rough  and  tessellated,  under 
aide  smooth.  At  the  brow,  between  the 
two  wheels,  is  a  sii^e  ciliated  frontal 
process ;  a  Uttle  tactile  organ  is  situated 
m  front  of  the  eye.  Length  1-144''^ 
including  the  spines,  1-96". 

A.  vafya. — ^Lorica  neariy  square,  with 
six  spines  anterioriy,  the  two  middle 
ones  the  longest ;  at  *each  postmor  angle 
is  a  spine  of  unequal  length ;  dorsal  m 
ventnl  surfiaoes  rough,  the  former  tessel- 
lated. The  jaws  are  five-toothed,  the 
red  eye  oval,  its  longer  axis  transverse. 
Length,  without  the  spines,  1-210^'. 


The  following  spades  are  given  by  Mr.  Goese  (Ana.  Nat  Sist.  1851,  vol.  viiL). 


A'Ji^aa  rOosse). — ^Lorica  smooth,  hya- 
line, swollen  at  the  sides  and  at  the 
back;  ^ttish  on  the  belly,  truncate  in 
front,  wi^out  any  spines,  attenuated 
and  truncate  posteriorly.  There  is  a 
deep  fold  rujming  down  each  side,  or 
else  the  ventral  p&te  is  distinct  from  the 
dorsal ;  the  ventral  is  also  cleft  through 
its  medial  line;  eve  very  lanre,  pale. 
1-220".  ^       ^     ^ 

A.  tecta  nearly  agrees  in  form  with 
A.  eurvicomia;  but  the  posterior  extre- 
mity is  rather  more  pomted.  and  the 
^sellations  are  different,  being  laiver. 
a^d  arranged  on  each  side  of  a  medial 
donal  ridge,  which  gives  to  the  back 
the  foTjo^  of  a  vaulted  roof.     1-200". 


A.  hrevi^nna  nearly  agrees  with  A. 
aculeata ;  but  the  posterior  spines  are  very 
short,  the  frontal  spines  are  much  leea 
curved  forwards,  the  sur&ce  is  not 
punctated,  and  it  is  colourless.    1-146". 

A.  eochleari$. — Lorica  spoon-ehi^ied, 
with  six  spines  in  front,  the  medial  pair 
curving  strongly  forwards ;  posterior  ex- 
tremity attenuated  into  a  lonff  slender 
spine,  indined  forwards ;  hack  ridged 
and  tessellated,  as  in  ^.  ieda, 

A.  htptodonssAtcomornha  jReheHeOf 
Perty. — Lorica  of  equal  width,  con- 
tracted posteriorly,  and  terminated  by  an 
upturned  tooth  in  the  middle  line.  In 
m>nt  are  four  teeth  above  and  two  below. 
1-12".    This  spedes,  founded  on  oat 


Digitized  by  VjOOQ IC 


OF  THE  BtLkCKIOIfMJL. 


709 


individualezample,  les&mhieB  A.  foUaceay  I  the  peculiar  upturned  tooth  in  the  median 
but  is  leas  flat,  more  cubical,  and  possesses  |  line,    (xxxvui.  6.) 

GenoB  BBACHIONUS. — Bracbion£Ba  which  have  a  single  cervical  eye  and 
a  foxxMite  foot.  Figure  compressed.  Lorica  closed  at  the  sides;  open  at  the 
extremities  like  a  tortoise-shell.  Anterior  and  posterior  margins  usually 
dentate ;  sorfEU^  either  smooth  or  rough  and  tuberculated,  the  tubercles  on 
the  abdominal  surface  arranged  in  four  lines  diveiging  posteriorly.  The 
cuticle,  which,  according  to  Leydig,  rests  on  a  molecular  layer,  resists 
liquor  potassae.  The  frontal  processes  or  teeth  are  dentate  on  their  inner 
edge.  Animal  able  to  withdraw  itself  within  the  lorica.  Rotary  organ 
aimple,  and,  though  often  looking  as  if  lobed,  presenting  an  unbroken  border, 
except  when  it  is  indented  by  descending  to  the  mouth,  whence  this  bilobed 
aqiect ;  a  median  lobe  and  two  lateral  ones  arise  fix>m  its  free  surface.  On 
its  right  and  left  side  are  some  eminences  surmounted  by  long  bristles,  in 
addition  to  a  long  brisde  projecting  backwards  from  each  lateral  margin  of 
the  rotary  organ.  A  granular  mass,  the  supposed  cerebral  ganglion,  supports 
the  eye-speck,  which  is  extended  backwards  into  two  points.  A  siphon,  or 
tactile  tube,  terminated  by  a  bunch  of  setae,  projects  fix>m  between  the  an- 
terior median  teeth  of  the  lorica.  Two  brown  vesicles  in  front  of  the  large 
muscular  oesophageal  bulb,  in  which  are  the  toothed  jaws ;.  a  short  oesopha- 
gus ;  and  a  stomach,  the  latter  composed  of  coloured  cells,  ciliated  on  their 
free  BQT&ice.  In  front  of  the  stomach  two  pedunculate  glands.  Intestine 
dear  and  ciliated.  Contractile  vesicle  on  the  right  of  the  cloaca,  with  two 
water- vascular  canals  proceeding  from  it  to  the  neck,  where  they  form  a 
plexus  and  bear  two*  tags.  Ovary  beneath  the  stomach.  Eggs,  according  to 
Perty,  of  three  sorts,  viz.  winter  ova,  summer  ova,  and  ova  bearing  male 
embryos.  Ova  attached  to  the  exterior  of  the  animal.  B,  Pala,  B,  urceolaris, 
and  B,  rubens  sometimes  increase  in  such  quantities  as  to  render  the  water 
milky  and  turbid.  Several  species  are  infested  with  Vorticella,  EpistyliSf 
and  other  parasites,  which  attach  themselves  to  their  shells.  like  Asptanchnay 
EuManiSy  and  others,  the  genus  Brachionus  has  acquired  great  additional 
interest  from  the  discovery  amongst  some  of  its  species  of  the  distinct  sepa- 
paration  of  the  sexes.  The  male  Brachioni  present  a  different  form  to  that 
of  the  female,  resembling,  in  this  respect,  Asplanchna  Sieboldn  rather  than 
A,  Brightwdlii  and  Hydatina  senta,  in  which  the  difference  of  external  con- 
tours is  mainly  one  of  size.  The  multiplying  discoveries  of  separate  sexes 
amongst  the  Eotifera,  combined  with  the  maoifest  absence  of  male  organs 
in  ^e  numerous  individuals  provided  with  ovaries,  renders  it  increaaingly 
probable  that  all  the  Rotifera  will  finally  be  demonstrated  to  be  bisexi^d  or 


B.  urceolaris  (Brachionue  vrceciam, 
M.). — ^Whitish ;  lorica  smooth,  with  six. 
very  short  spines  va,  front ;  posterior  ex-, 
tremity  rounded ;  lorica  slightly  granu-i 
lated;  its  points  are  shorter  and  less 
sharp  than  in  the  following  species ; 
delicate  longitudinal  ridges  proceed  from 
the  spines  \  the  jaws  hctve  each  five 
teeth. 

The  males  of  Brachiomts  urceohriSf 
according  to  Pertv,  are  developed  from 
smaller  ova  than  tlie  females,  these  eg^s 
being  also  adherent  to  the  parent  m 
greater  numbers.    They  are  verj'  sphe- 


Brachionus  P(da,  —  Lorica  smooth, 
with  four  spines  in  front,  and  two  obtuse 
Qnes  near  me  opening  for  the  foot.  Toes 
of  the  foot  apparently  bifid.  This  crea- 
ture swims  m  a  perpendicular  position, 
the  brow  being  directed  upwards.  Each 
JAw  has  five  teeth ;  the  ahmentary  canal 
being  constricted,  forms  a  stomach. 
Length  1-36" ;  lorica  only  1-48"  (xxxix. 
1V15). 

R  amphiceroB, — ^Has  a  smooth  lorica, 
with  fotu"  spines,  in  front  and  noste** 
n«»ly;  four  shaip  posterior  teeUi  are 
chancteristic.    1-72^'. 
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licaL  leMhing  1-60"'  in  len^  and  1-67'" 
in  diameter.  Their  shell  ib  more  deli- 
cate and  the  contents  clearer  and  more 
transparent^  as  well  as  of  a  pale  yellowish 
hue  mstead  of  the  dusky  grey  of  the 
female  ova.  The  former  likewise  contain 
fewer  grannies.  The  development  by 
fission  similar  in  both.  When  the  egff 
is  mature,  it  continues  to  be  pale  ana 
transparent.  The  red  eye-speck  exhibits 
itseu;  but  the  maxillary  i^paratus,  seen 
in  the  female  ovimi,  is  wantmg.  On  the 
other  hand,  two  or  three  heaps  of  dark 
granules  occur,  not  seen  ii.  the  females. 
The  embryo  escapes  from  the  ovum 
by  a  transverse  rupture,  and  is  then 
seen  to  have  a  different  contour  firom 
the  female.  It  is  but  one-third  the 
sixe  of  Uie  latter;  being,  when  extended, 
but  1-27'"  to  1-22'"  long,  and  from 
1-60"'  to  1-66'"  broad.  It  is  destitute 
of  a  firm  lorica;  short,  cylindrical;  pro- 
longed anteriorly  into  a  short  head, 
separated  by  a  constriction  from  the 
trunk ;  prolonged  posteriorly  into  a  short 
tubular  foot  3bout  one-fifth  the  le^^ 
of  the  body.  Head  crowned  by  a  flat- 
tened disc,  with  a  wide  expanding  mar- 
gin, clothed  with  long  vibrating  cilia 
and  a  few  non-vibratile  bristles.  Cilia 
moving  with  extraordinary  velocity,  pre- 
venting many  being  seen  at  once ;  but  a 
little  strychnine  added  to  the  water 
checks  their  action  and  facilitates  their 
observation.  No  mouth  is  present;  hence 
the  ciliary  wreath  is  not  twined  inwards 
at  the  oral  fissure ;  the  alimentary  appa- 
ratus is  wholly  wanting.  A  large  pyii- 
form  vesicular  testicle,  1-100'"  in  lenj^, 
occupies  the  middle  of  the  body ;  it  is 
fiUea  with  small  dark  movinff  sperma- 
tozoa. The  wall  of  the  testide  is  very 
thick,  and  elonffated  at  its  upper  extre- 
mity into  a  thicK  cylindrical  band,  which 
is  attached  to  the  cephalic  disc.  Pos- 
teriorly the  testicle  is  striated  longitu- 
dinally, and  is  perforated  by  an  aperture 
opening  into  a  wide  spermatic  duci  con- 
ducting to  the  penis.  The  latter  organ 
is  a  short  tube  usually  laid  free  on  the 
foot  and  nearly  extending  to  its  extre- 
mity ;  its  internal  canal  and  outer  mar- 
gin equally  furnished  with  vibratile  cilia. 
The  foot  IS  transversely  wrinkled,  and 
ends  in  two  small  toes.  Near  the  root 
of  the  penis  are  two  club-shaped  glands 
which  pour  their  secretion  into  its  canal ; 
near  these  is  also  a  contractile  vesicle 
with  two  water-canals  and  their  ap- 
pended tags.  Several  spherical  cell-like 
bodies  occur  near  the  head, — the  larger 
of  these,  the  supposed  cerebral  ganglion. 


sapporting  the  eye-spot  Two  or  tkree 
vesicles  of  uncertam  chancter,  fiUed 
with  dark  granules,  rest  on  the  testide 
near  its  lower  end.  The  males  are  modi 
rarer  than  the  females,  and  are  not  seen 
after  the  end  of  May.  In  fresh  and 
brackish  waters.  Length  of  females 
from  1-96"  to  1-72".  (xxxix.  10-20; 
XL.  20-28.) 

B.  rubem  (B.  urceoimiM,  M.).— Lorica 
smooth,  with  six  sharp  spines  in  front, 
posterioilv  rounded;  the  bodj  is  red. 
1-60".  Pmardin  supposes  this  to  be  a 
variety  of  A  urceoiant,  Leydig  recog- 
nizes its  distinctness,    (xxxvill  7.) 

B.  Mmeri  (MuOer'g  BraMomu*),-^ 
Lorica  smooth,  with  six  obtuse  spines  in 
front,  two  short  ones  behind,  reeemUing 
papill®.  This  spedee  is  somewhat  larver 
than  B.  urceoktris,  and  has  peculiazly- 
shaped  frt)ntal  spines.  The  margin  of 
the  chin  (brow)  is  smoothly  tnmcttte, 
with  three  fSunt  indentations.  The  lorica 
is  very  transparent  1-60".  According 
to  Mr.  GkMse,  the  B,  hq/tatoimu  found  in 
sea- water  is  identical  with  this  spedoB, 
(xxxix.  13.) 

B.  brevispinus, — ^Lorica  smooth,  having 
six  acute  ime^ual  spines  in  front,  and 
four  stout  spmes  posterioriy,  the  two 
inner  ones  short;  two  sexual  glands  and 
a  contractile  veeide  are  present  In 
slow  running  dear  water,  with  Om- 
fervsB.     1-6?'. 

R  Bakeri  (M.Y  -—Lorica  rough,  its 
middle  tessellatea  on  the  dorsal  siunce; 
six  ime^^ual  acute  teeth  anterioriy,  two 
dongated  (lateral  and  dorsal)  spines 
posterioriy,  and  short  ones  at  the  sheath 
of  the  foot  The  lorica  is  covered  with 
delicate  granules ;  those  upon  the  middle 
of  the  ventral  surfieu^e  are  arranged  in 
paralld  but  somewhat  curved  lines. 
1-220"  to  1-60".  (xxxvni.8,9, 10-17; 
XL.ia) 

^^The  following  interesting  observa- 
tions as  to  tiie  devdopment  ^  this  ^e- 
des  have  been  communicated  to  me  Ir^  a 
friend,  an  accurate  and  diligent  observer 
of  nature : — ^About  two  o*cIock  B.  Bo" 
keri  was  observed  with  one  egg  placed 
externally  between  the  two  posterior 
spines  oi  the  shell,  and  another  small 
egg  in  the  left  side  of  the  animal,  which 
increased  much  in  size  in  the  course  of 
the  day.  At  nine  in  the  evening  a 
motion  was  perceived  in  the  exterior 
egg  like  that  of  the  muscular  oesophagus 
of  the  parent;  and  about  this  time  the 
internal  effg  was  protruded  and  placed 
by  the  side  of  the  other,  being  longer 
than  it    At  eleven  the  young  BraMmm 
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burst  with  a  1x>uiid  from  the  egg  in 
whidi  the  motion  was  perceived,  and 
affixed  itself  by  its  tail  to  the  lunette. 
At  first  it  haa  the  appearance  of  an 
oblonff  ball ;  by  degrees  tne  anterior  part 
spread,  and  tne  wheel  processes  were 
dereloped.  Soon  after,  the  posterior  shell- 
processes  were  yisibie  in  a  semilunar 
shape,  with  the  noints  neaiiy  touchii^ 
each  other,  whicn  gradually  expandea. 
The  shell  of  the  egg  remained  attached 
to  the  parent  in  the  same  j^tion.  quite 
transparent,  with  a  longitudinal  split 
through  the  whole  length.  (Brightwell, 
op,  cU,^ 

B.  pofyacanthus  HJ.). — ^Lorica  smooth, 
havii^  anteriorly  tour  long  dorsal  teeth 
or  somes,  six  short  ones  at  the  margin 
of  uie  chin  (ventral),  and  posteriorly 
five  dorsal  spmes,  the  two  external  or 
lateral  ones  very  long.  xxxv.  499-601 
represent  dorsal,  side,  and  under  views 
of  fh\n  imimiily — ^the  first  having  the 
wheels  extended,  and  the  side  view 
showing  the  siphon  or  so-called  respi- 
ratory tube  and  an  ovum  attached. 
Length,  without  spines,  1-110".  xxxvin. 
1^  15  represent  diagnuns  of  the  head. 

R  mUUari$,  —  Lorica  with  surfiice 
diirided  into  twelve  regular  pentagonal 
&cette6,  according  to  Cohn ;  its  anterior 
border  with  several  spinous  processes; 
and  posteriorly  is  a  deep  median  ex- 
cavation with  a  curved  nom  on  each 
side.  The  spines,  10  in  number  Tnot  12 
as  afiirmed  by  Ehrenberg),  viz.  2  lateral, 
4  abdominal,  and  4  dorrai,  the  latter  the 
largest ;  head  larger  than  that  of  B,  w- 
cewarig,  expanded  in  a  funnel-shaped 
manner,  surrounded  by  a  circlet  of  cilia ; 
its  erversion  is  checked  by  the  stiff  spines 
of  the  lorica.  Foot  smaller  and  shorter 
than  in  B.  urceolaris.  (Esophageal  bulb 
quadrangular.  On  each  spine  forming 
tne  outer  posterior  angle  of  the  lorica  is 
a  circular  pit  with  weU-defined  marsin ; 
from  this  proceeds  a  bunch  of  snort 
bristles.  Muscles  of  foot  and  head  striped 
transversely.  Contractile  sac  very  large, 
occupying  two-thirds  of  the  abaominal 
cavity  on  the  right  side  of  the  animal ; 
it  consists  of  two  chambers,  the  ovate 
posterior  one  being  the  larger,  their  con- 
tractions being  alternate ;  the  posterior 
one  opens  into  the  cloaca  by  a  short 
duct.   On  mingling  coloured  matter  with 


the  water,  Cohn  observed  that  on  each 
systole  or  contraction  a  stream  escaped 
pom  the  sac,  through  the  cloacal  open- 
ing, and  that  on  the  diastole  this  move- 
ment was  reversed,  indicating  a  respi- 
ratory action,  (xxxix.  21,  22  represent 
the  abdominal  and  dorsal  sui^M^es  of  the 
female.)  The  ova  are  of  three  sorts : — 
1.  Winter  ova,  1-21'"  long.  1-83'"  wide, 
elliptic,  with  thick,  leatnery,  opaque 
waUs,  the  yelk  not  occupying  the  poles 
(xxxix.  23) ;  2.  Ordinary  or  summer  ova, 
of  similar  dimensions,  but  with  thin 
transparent  walls :  3.  Male  ova,  only 
1-34'^'  long  and  1-42'"  broad  (xxxix. 
24).  Shell  thin.  Yelk  subdividing  in 
the  usual  way,  and  developing  an  em- 
bryo provided  with  a  red  eye,  and  two 
dBxk  specks,  but  no  maxillary  orcans. 
Cohn  saw  only  one  specimen  freed  from 
the  egg,  and  that  imperfectly.  It  ap- 
peared similar  to  the  male  of  B.  ur- 
ceohris, 

B.  Chn  ([Gosse).  —  Lorica  ovate,  the 
back  swelling  with  a  uniform  curve,  by 
which  it  is  distinguished  from  B,  Pala, 
which  is  truncate  or  slightly  clavate 
posteriorly ;  anterior  spines  four,  straight, 
wide  at  the  base,  and  pointed ;  the  occi- 
pital pair  taller  than  tne  lateraL   Lorica 

B.  Dorcas, — ^Lorica  ovate  or  sub-coni- 
cal ;  occipital  edge  with  four  long  slender 
spines,  the  middle  pair  curving  rorwards, 
and  bent  first  from,  and  then  towards 
each  other,  like  the  horns  of  an  antelope ; 
mental  edge  undulated,  with  a  notch  in 
the  centre.  Lorica  1-60".  (xl.  11  re- 
presents a  newly-born  female,  and  fig.  12 
a  newly-born  male.) 

B.  anffuktris.  —  liorica  in  the  female 
hexagonal-oval  in  the  dorsal  aspect  j  occi- 
pital edge  with  two  small  teeth,  divided 
DV  a  rounded  notch  (in  some  specimens 
tnere  are  obsolete  traces  of  a  lateral 
pair);  mental  edge  slightljr  undulated, 
sometimes  with  two  low  points,  dividea 
by  a  notch  like  the  occiput,  but  still 
more  faintly;  posterior  extremity  with 
two  short,  ihmt,  well-marked  processes. 
The  general  surface  is  roughened  with 
angu£ur  ridges,  and  is  sometimes  sub- 
opaque  and  Drown.  Lorica  1-200".  This 
curious  species  has  relations  with  Noteua 
and  with  Pterodma,  (xl.  19  represents 
a  male  of  this  species.) 

Genus  PTERODINA. — ^Tho  winged  Botatoria  include  such  Brachioneea  as 
have  two  frontal  eyes  and  a  simple  styliform  foot  projecting  from  the  middle 
of  the  body.  All  the  species  have  a  smooth,  flat,  and  soft  lorica,  like  a  tor- 
toise-sheU,  with  curved  margins ;  as  also  a  more  or  less  doable  rotary  appa- 
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ratns,  and  a  simple  foot  with  a  suotion-diso  and  aometimea  a  bunch  of  ciHa 
at  its  eztremitj.  P.  eUiptica  has  a  hairy  process  prqjeoting  between  the  two 
lobes  of  the  rotary  organ,  and  P.  Patina  has  a  rounded  prominence  in  a  similar 
position  on  the  dorsal  sor&oe.  Muscles,  often  transversely  striated,  occur  in 
all  the  species,  as  also  a  constricted  alimentary  canal  with  glandular  appen- 
dages and  an  ovarium.  Some  have  a  contractile  vesicle  and  a  water-vascular 
^system. 


PrsnoDiNA  Patma  (BratkUmiu  Fa- 
tmoy  M.). — Fi^fore  round,  or  oval  com- 
pressed. Lonca  membranous,  crystal- 
line, somewhat  scabrous  near  its  broad 
maigin,  and  slightly  excavated  anteriorly 
between  the  two  lobes  of  the  rotary 
organ.  The  latter  not  double,  as  de- 
scribed by  Ehrenberg,  but  with  an  an- 
terior ana  posterior  depression,  from  the 
latter  of  which  extends  a  single  rounded 
process.  Cilia  in  two  rows,  prolonged 
tothecBsophsffealbulb.  Stomal  cilifSed 
internally,  wiaely  expanded  posteriorly. 
Short  intestine  also  ciliated,  and  termi- 
nating at  the  base  of  the  foot  Two 
pyriform  glands  in  front  of  the  stomach. 
Two  red  specks  opposite  the  margin  of 
the  rotary  organ ;  their  red  pigment  has 
a  sharp  spherical  figure;  according  to 
Leydiff,  an  obvious  refracting  body  pro- 
jects from  the  anterior  convex  edge  of 
each.  Two  large  longitudinal  muscles. 
On  each  side  of  the  stomach  h  waters 
vascular  canal,  but  without  either  tags 
or  contractile  sac.  Ovary  horseshoe- 
shaped.  Free  extremity  of  the  foot  with 
a  bundle  of  setee. 

This  animal  was  noticed  by  Perty  to 
have  the  peculiarity  of  assuming  an  ap- 
parently lifeless  state  for  half  an  hour  or 


an  hour  at  a  time,  lying  in  one  spot, 
often  on  the  surfieu^  of  the  water,  with 
no  other  sign  of  life  than  that  afforded  by 
movements  of  the  odsophageel  dlia,  ana 
occasionally  of  the  jaws. 

This  species  is  y&ry  delicate  and  tran- 
sparcDt  XXXV.  602  represents  a  side 
view,  and  603,  604  under  views, — the 
latter  having  the  wheels  extended,  the 
former  having  them  withdrawn,  and  the 
anterior  margin  bent  in,  so  that  the  eyes 
Mspear  near  the  middle  of  the  loncau 
The  internal  organization  is  frurther 
shown  in  iiivm.  29.  Found  in  sum- 
mer smong  LefiuuB  and  CeratcphyQa, 
Length  about  1-120". 

P.  dliptica. — Lorica  membranous,  el- 
liptical, with  a  narrow^  smooth  margin, 
front '  entire .  (not  excised).  The  two 
wheels  united  by  a  brow  frumished  with 
setiB.  Eyes  distant  Amongst  0<m- 
ferv«.    1-120"  to  1-108". 

P.  dypeata  (BrachumuB  cfypeaimf  IL). 
— Lonca  membranous,  oblong,  narrow, 
smooth  at  the  margin ;  there  is  a  fronts! 
portion,  or  brow,  connecting  the  two 
wheels,  but  no  setee.  The  eyes  ^proxi- 
mate, (xxxv.  605  a  dorsal  view,  with 
the  wheels  extended.)  In  sea-water. 
L^igth  1-120";  the  sheU  1-144". 


The  next  genus, 
to  be  a  member  of  this  fruni 


fx,  instituted  by  Mr.  Gosse,  is  considered  by  him 


Genus  POMPHOLYX  (Gosse,  A.  N.  H.  1851,  voL  viii.).  —  Two  fixmtal 
eyes ;  foot  wanting ;  rotary  organ  double  in  the  rear,  entire  in  frt)nt ;  ^gs 
attached  behind  after  deposition.  The  name  alludes  to  the  resemblanoe  of 
the  lorica  to  a  round  flat  smelling-bottle. 


PoHPHOLYX  compUmata,  —  Lorica 
much  depressed,  nearly  circular,  with 
the  lateral  ed^  rounded:  anteriorly 
truncate ;  occipital  edge  gradually  rising 


to  a  central  blunt  point;  mental  ridge 
with  two  rounded  lobes,  divided  by  a 
central  notch.    Lorica  1-300". 


Of  the  ensuing  genera,  established  by  Ehrenberg,  we  have  only  met  with 
the  description  of  species ;  of  one,  indeed,  with  only  a  sketch  of  its  relations. 

Genus  LARELLA  (Ehr.). — The  following  species  of  this  new  g^us,  the 
characters  of  which  we  have  not  met  with,  is  named  by  Ehrenberg. 


Labblla  Pi9cis,  —  Body  with  equal  ; 
setffi,  and  three  long  fine  hairs  placed  on 
each  side  the  mouth,  with  two  frontal  | 


^e^    Length  1-190"  to  1-280".  Beriin. 
Wemeck  has  also  seen  this  species. 
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Genus  TETRASIPHON  (£hr.).— We  have  not  met  with  the  detail  (d  the 
generic  characters,  but  they  may  be  gathered  from  the  description  of  the 
following  species : — 


Tbtrasiphon  Eydroeora,^ —  Very 
laige,  hyaline,  with  two  prominent  tu- 
hv&x  ocdpiteJ  organs,  and  other  two 
near  the  termination  of  the  back ;  pan- 
creatic glands  four,  globose;  jaws  bi- 


dentate,  with  the  oblique  rotary  organ 
of  Heurotroeha,  Foot  with  slenaer,  louff 
and  acute  toes;  eye  ocdpitaL  Lengtn 
1-36"  and  upwards.    Berfin. 


Genus  DIPODINA. — Charaeters  unknown. 


DiPoniNA  ArUtcon  (Ehr.)  Q^^tioned 
in  Reports  of  Zoology,  Ray  Society). — 
Approaches  Notommata,  but  differs  by  a 


particular  constriction  of  its  tarsal  nip- 
pen  (toes).  Fonnd  by  Ehrenbeig  at 
Wismar,  on  the  Baltic 


The  genus  Poltchjbtus  (XXXVIII.  31, 32)  of  Perty  is  supposed  by  Leydig 
to  be  a  Crustaoean.  Ctphohautss  is  also  regarded  by  the  same  obeerrer  as 
dubious ;  whilst,  as  we  have  already  observed,  he  regards  Pi^ffura  and  Gleno- 
phora  as  tmdevebped  forms  of  other  species. 


OF  THE  GROUP  TARDIGRADA. 

Thb  creatures  thus  named  are  introduced  here  as  a  group,  inasmuch  as  they 
cannot  be  included  amongst  the  Rotatoria.  Some  remarks  on  their  organisa- 
tion will  be  found  in  Part  I.  (p.  482)  of  this  work ;  and  here  I  shall  introduce 
further  particulars,  chiefly  derived  from  the  first  edition  of  this  work  (1834), 
p.  182,  and  from  Dujardin's  Eist,  de$  Infusotres,  p.  661.  They  have  oblong 
bNDdies,  contracted  into  a  ball;  furnished  with  four  pairs  of  short  feet  or 
mammilliform  processes,  each  terminated  by  simple  or  double  hooked  daws ; 
moui^  very  narrow,  siphon-shaped ;  with  an  internal  maxillary  apparatus 
composed  of  two  lateral  moveable  pieces,  and  of  a  strong  muscular  oesophageal 
bulb,  furnished  with  horn-like  dental  articulated  processes. 

The  Tardigrada  stand  on  the  one  side  between  the  Rotatoria  (S3rstolides, 
Duj.)  and  the  Helminthidse,  and  on  the  other  between  the  Aimelida  and 
Aradmida. 

These  creatures  are  usually  found  attached  to  aquatic  plants  which  float 
upon  still  water.  I  first  obtained  them  from  ponds  in  the  Regent's  Park. 
By  pladng  some  water  with  the  plants  in  a  common  white  hand-basin,  and 
shaking  the  v^etation,  they  axe  detached  and  &11  to  the  bottom  of  the  basin, 
from  whence  they  are  readily  taken.  They  are  generally  met  with,  in  com- 
pany with  the  larger  kinds  of  Rotatoria,  in  moss.  They  are  very  sluggish  in 
their  movements,  and  are  commonly  known  under  the  name  of  '<  little  water- 
bears."  Under  the  polarizing  microscope  the  manducatory  apparatus  exhibits 
the  same  appearance  as  horn.  They  are  capable  of  resuscitation  after  being 
dried.     They  vary  in  length  from  1-20"  to  1-60". 

M.  Doy^re,  in  an  elaborate  Memoir  in  the  '  Annales  des  Sciences/  has 
divided  the  Tardigrada  into  four  genera : — 

Oenus  EMTDIUM. — Body  oval,  anterior  part  narrow,  and  terminating  in 
a  pointed  mouth,  near  to  which,  on  each  side,  are  flesh-like  papillie.    Feet 
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armed  with  four  distiiict  olaws ;  colour  reddish.  Found  among  moss  {Bryum). 
(Figs,  1,2.) 

Genus  MACBOBIOTUS. — Body  more  cylindrical ;  obtuse  anteriorly ;  no 
sets ;  each  foot  ftLmishe4  with  two  daws.  Found  with  the  preceding ;  also 
inriTulets.    (See  fig.  6.) 

Qeaaa  TARDIGBADA. — Body  stout,  oblong ;  mouth  not  so  sharply  pcnntcd. 
Found  in  stagnant  water,  on  aquatic  plants,  and  on  the  Hypnwn  Jluitans, 
(See  figs.  3,  4,  5.) 

Genus  lOLNESIUM.— Characters  unknown. 

For  further  particulars  consult  the  General  History,  at  p.  482  of  tiiis  work. 

4 


TARDiaBADA,  OB  LITTLB  WATIB-BBABS. 

Fig.  1.  Emydium,  magnified  190  diamelen.  Fig.  2.  HeMi  of  the  same,  magnified  300 
timet.  Figs.  3, 4.  Tardigrada,  magnified  160time».  Fig.  5.  Head  of  same,  mi^niflsd 
300  times.    Fig.  6.  Mouth  appanius  of  Macrolnoiw^  W^^l  magnified. 
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OF  THE  GROUP  BACILLARIA. 

Sub-group  DESMIDIEiE  ob  D£SMIDIAC£jE. 

(Page  1,  Plates  I.,  II.,  IH.,  XVI.) 

[Class  AsMX,  Order  (MarotpermecB,  Family  Demmdiaeea  of  Botankts.] 

Cells  of  two  symmetrical  yalvesy  devoid  of  silez,  mostly  figured,  their  junc- 
taon  marked  by  a  pale  interruption  of  the  endocW>me,  frequently  also  by  a 
constriction ;  increasing  by  the  formation  of  two  new  half -cells,  wluch  become 
interposed  between  the  older,  so  that  the  two  newly>produced  cells  consist 
each  of  a  new  and  an  old  half-cell ;  the  transverse  division  complete  or  incom- 
plete, the  cells  thus  either  free  or  forming  a  filament ;  cndochrome  green^ 
occasionally  converted  into  ciliated  zoospores  (in  the  single  known  instance, 
escaping  by  an  aperture  at  the  apex  of  one  or  more  speoally  formed  lateral 
tubc») ;  reproduction  by  conjugation  of  the  contents  of  two  distinct  cells,  and 
the  formation  of  sporangia,  the  contents  of  which,  in  after-development,  be- 
come segmented  into  a  definite  number  of  individualized  portions,  the  last 
generation  of  which  are  set  free  by  the  bursting  or  solution  of  the  containing 
membrane,  and  become  the  first  fh)nds  of  a  new  vegetative  cycle. 

We  believe  the  foregoing  diagnosis  will  apply  to  and  include  all  the  species 
which  we  look  upon  as  undoubtedly  belonging  to  this  family,  and  which  are 
introduced  into  this  work.  The  claims  of  the  genera  Cylindrocystis  and 
Mesotaenium,  as  true  members  of  the  Desmidiacese,  not  appearing,  so  far  as 
we  can  judge,  to  be  satisfisictorily  established,  they  are  omitted. 

The  wonderful  variety  of  form  and  beautiM  symmetrical  diversity  of  out- 
line of  the  members  of  this  family  have  been  dilated  on  at  length  in  the 
General  History.  It  seems  to  us,  with  r^;ard  to  the  mode  of  cell-division 
in  the  true  species  of  this  family,  that,  normally,  the  preliminary  step  in  the 
process  is  the  separation  of  the  cell-contents  and  the  formation  of  a  septum 
at  the  central  suture,  the  two  halves  of  the  contents  becomiog  thus  indi- 
vidualized, whereupon  ensues  the  growth  and  extension  of  the  primordial 
utricle  and  contents,  concurrentiy  with  the  production  of  the  intermediate 
cell- wall  ultimately  to  form  the  two  new  segments,  and  either  complete  sepa- 
ration taking  place,  or  the  cells  remaining  united  in  more  or  less  brittie 
filaments. 

Many  of  the  species,  probably  all,  seem  to  be  liable  to  an  abnormal  mode 
of  growth,  resulting  from  the  incomplete  carrying  out  of  this  process,  when 
the  new  growth  forms  an  intermediate,  frequentiy  misshapen  structure,  pro- 
dudng  with  the  original  s^;ments  but  one  uninterrupted  cavity, — this  irregu- 
larity seeming  to  be  primarily  due  to  the  omission  of  the  formation  of  the 
septum  on  the  recommencement  of  the  vegetative  growth  (HI.  61,  62) :  vide 
Mj«.  H.  Thomas,  J.  M,  Sd,  vol.  iii.  pi.  5.  figs.  17  &  18 ;  also  M.  de  Brebisson, 
iMte,  &c.  pi.  1.  ^.  15  ;  and  Mr.  W.  Archer,  Proc.  Nat.  Hist.  Soe.  Dub.  1859, 
voL  ii.  pi.  1.  figs.  9-15.)  An  inspection  of  several  of  the  latter  figures  will, 
however,  show  that  the  intervening  structure,  in  the  first  instance  (from  the 
for^;oing  cause,  as  we  imagine)  rendered  abnormal,  is  not  always  absolutely 
shapeless  or  irregular  in  its  form,  but  sometimes,  its  axis  of  growth  striking 
off  at  right  angles  to  that  of  the  older  segments,  assumes  the  form  and  often 
the  size  of  an  entire  frond.     Sometimes,  indeed,  not  only  is  the  axis  of  growth 
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at  right  angles  to  tliat  of  the  original  s^^ents,  but  its  plane  of  expansion  ia 
at  right  angles  to  their  plane.  In  each  of  these  latter  cases  the  entire  ab- 
normal specimen,  therefore,  forms  a  cross, — ^the  interior  here,  of  course,  as 
well  as  in  those  cases  where  the  intervening  growth  does  not  assume  any 
definite  outline,  making  but  one  uninterrupted  cayity  (m.  61).  Hie  omission 
of  the  formation  of  a  septum,  however,  can  only  be  looked  on  as  the  primary 
cause  of  the  aberration,  the  curious  change  in  the  direction  of  ihe  new  growth 
not  necessarily  following,  as  the  figures,  pL  1.  t  9-11  (be.  cU.)  seem  to 
prove  (m.  62). 

The  assertion  that  zoo^ores  occur  in  this  fEunily  is  based  upon  the  observa- 
tions made  by  Mr.  W.  Archer  on  Doddium  Ekrenbergii  (Balfis),  and  recorded 
and  figured  in  Proceedings  Nat,  Hist,  Soc.  DubUn,  Februaiy  1860 ;  also  NtU, 
Ht$t,  Review y  July  1860.     These  observations,  though  unfortunately  and 
unavoidably  not  so  full  in  their  details  as  the  interest  of  the  case  would  lead 
us  to  wish  for,  seem  to  warrant  the  assumption  that  the  species  of  this  fiunily 
may  be  occasionally  propagated  by  zoospores,  predicating  of  the  fisamly  that 
which  seems  to  hold  in  the  spedes  in  question  (Doddium  ^renbergii).    Pcdi- 
astreas  are  of  course  not  taken  into  account.     Briefly,  the  phenomenon  alluded 
to  is  as  follows  (III.  46, 47) : — ^From  beneath  the  base  of  one  of  the  segments, 
either  one,  two,  or  three  (the  latter  rarely)  lateral  tubercle-like  projeetionB 
are  formed,  originating  not  from  any  portion  of  the  segment  itself,  but  from 
an  extension  thereto  produced  between  the  inflated  base  and  the  sutural  line. 
When  more  than  one  is  formed,  they  are  usually  opposite,  bat  sometimes  side  by 
side.     A  gradual  elongation  of  the  projection  (or  projections)  then  takes  place, 
the  endochrome  in  the  immediate  neighbourhood  becoming  finely  granular, 
and  filling  what  has  now  become  an  elongate  lateral  tube  (or  tubes)  like  the 
finger  to  a  glove,  the  remainder  of  the  endochrome  being  as  yet  not  much 
altered,  and  the  terminal  dear  space  with  the  active  granules  being  still  m  xtfu. 
The  endochrome  within  the  lateral  tube  and  in  its  immediate  neighbourhood 
now  becomes  segmented  into  a  number  of  definitely  bounded  individualized 
portions,  which  -presentiy  one  b^  one  emerge  through  the  opened  apex  of  the 
lateral  tube,  and  become  associated  together  in  an  external  duster.     The 
remaining  endochrome  now  becomes  £«wn  into  bands,  turns  brown,  and 
speedily  dUes.     The  duster  of  gonidia  at  the  apex  of  the  lateral  tube  now 
appear  to  have  become  encysted  each  within  its  own  special  coat ;  and  the 
green  contents  can  be  seen  twisting  backwards  and  forwards' within  the  con* 
fining  membrane.     After  a  time  the  contents  emei^  each  from  its  cjrst,  by 
rupturing  it,  and  dowly  swim  away  as  pyriform  or  ovate  ciliated  bodies, — 
as  we  apprehend,  veritable  zoospores.    The  author  was  entirely  unacquainted 
with  their  after-history ;  but  they  resemble  so  much,  in  their  appearance, 
growth,  and  mode  of  escape  from  the  parent-cell,  the  similar  bodies  in  €3a- 
dophora,  &c.,  which  are  indubitable  zoospores,  that  we  imagine  there  can  be 
little  question  as  to  the  nature  and  function  of  the  bodies  occurring  in  Dod- 
dium.    It  will  be  noticed  that  this  phenomenon  is  altogether  distinct  from, 
and  we  believe  in  no  way  to  be  confounded  with,  that  of  the  active  molecular 
movement  of  the  ultimate  granidar  partides  of  the  endochrome  alluded  to  at 
pages  10  and  19  of  the  General  History, — a  circumstance  which,  indeed,  some- 
times accompanied  the  spedal  one  here  described,  in  Mr.  Archer's  spedm^ia, 
but  sometimes  did  not,  and  which  is  one  of  very  general  occurrenee  under 
other  circumstances  and  in  other  cases,  and  has  probably  given  rise  to  the 
assumption,  often  made  in  our  English  books,  that  zoospores  occur  in  the 
Desmidiaceae.     Nor  is  the  production  of  zoospores  here  briefly  described  to 
be  in  any  way  confounded  with  the  development  of  the  parasitic  plant  Py^nnm 
entophytum  (Pringsheim),  nor  of  any  spedes  of  Chytridium  (Braun).    The 
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former,  indeed,  is  sometimes  met  with  in  various  Desmidians,  snch  as  Clos^ 
terium  Lvnula,  &c.,  as  well  as  other  Algae.  For  a  figure  of  this  curious 
parasitic  growth  attacking  EremospTuBra  viridis  (de  Bary)  (==07daro9p7uBra 
Oiweri,  Henfrey,  the  former  name  haying,  we  are  inclined  to  think,  the 
prkoity),  vide  *  Kicrographic  Dictionary,*  ^d  ed.  pi.  xlv.  fig.  8.  There  can 
be  little  or  no  doubt  that  some  such  parasite  as  that  alluded  to  attacking 
a  epedes  of  Closterium  has  given  rise  to  Ehrenberg's  genus  Polysolenia, 
admitted  indeed  into  the  Desmidiaceffi  by  Kiitzing,  but  which  we  here  cannot 
bat  exclude. 

The  act  of  conjugation  and  formation  of  sporangia  is  not  uncommonly  to 
be  met  with  in  several  species.  The  after-development  of  the  sporangium 
aeems  to  have  been  but  very  rarely  witnessed;  and  the  statement  made  in  the 
diagnosis  is  founded  on  the  account  given  by  M.  Hofineister  (I.e.),  an  extract 
firofm  which  is  given  at  page  17 ;  dso  on  ike  very  similar  account  given  by 
M.  de  Bary,  *  Untersuchungen  iiber  die  Familie  der  Conjugaten:'  wde  pi.  6, 
showing  the  development  of  the  sporangium  of  Oosmaritim  BotryUs  (111.  48-^ 
54),  and  of  C.  Meneghimi  (111.  55-60),  the  number  of  sister-ceUs  formed 
within  the  ^K>rangium  being  fewer  than  in  the  instances  dted  by  M.  Hof- 
meiflter.  But  although,  in  &e  cases  cited  by  M.  de  Bary,  the  cells  resulting 
from  the  segmentation  and  individualization  of  the  contents  of  the  sporangium 
are  eventually  of  a  Cosmarium-shape,  it  is,  however,  not  until  the  young 
fronds  commence  self- division  in  the  ordinary  way,  that  the  first-formed 
yonng  segments  wholly  assimie  the  special  characteristics  of  the  species  (111. 
52,  53,  54  <fe  58,  59,  60). 

The  nearest  affinities  of  tiiis  feonily  seem  undoubtedly  to  be,  on  the  one 
hand  with  the  DiatomacesB  (with  which  fsunily,  indeed,  they  were  long 
associated),  and  on  the  other  with  the  ZygnemacesB  (Conjugate) ;  while  to 
the  Pialmellaceffi  they  also  approach  through  the  genus  Penium,  connected 
with  Cylindrocystis  and  MesotaeniumsBPalmogloea  {Kg,y 

It  will  be  at  once  seen  that  the  following  arrangement  of  the  species  is  for 
the  most  part  based  on  that  laid  down  in  Balfs's  <  British  Desmidiece,'  1848, 
in  addition  to  which  the  following  works  have  been  consulted : — ^Eiitzing's 
<  Species  Algarum,'  1849;  Nageli's  <£inzelliger  Algen,'  1849;  Bailey's 
(Smithsonian  Contributions  to  Knowledge)  *  Microscopical  Observations  made 
in  South  Carolina,  &c.',  1850 ;  Br^bisson's  *  liste  des  DenuidL^  observees 
en  Basse  Kormandie,'  1856 ;  de  Bary  {op,  duy,  1858 ;  Papers  in  '  Nat.  Hist» 
Beview,'  by  Rev.  R.  V.  Dixon  and  by  Mr.  Archer,  1858-60.  The  fijrst  and 
second  of  a  series  of  papers  by  Dr.  G.  C.  Wallich,  F.L.S.,  descriptive  of  some 
beautiftd  and  interesting  species  of  Desmidiacee  collected  by  hun  in  Bengal, 
had  just  made  their  appearance  (<  Annals  Nat.  Hist.'  March  and  April,  I860) 
when  we  were  obliged  to  go  to  press.  It  has  seoned  to  us  more  advisable  to 
omit  any  description  of  tibose  species  than  to  introduce  a  few  only  without 
having  it  in  our  power  to  do  so  with  the  whole.  In  indicating  the  sources 
whence  we  have  been  able  to  derive  information  as  to  foreign  species,  it  is 
oor  pleasing  duty  to  acknowledge  the  generous  and  co^rteous  assistance  of 
M.  de  Br^bisson  in  affording  by  letter  the  requisite  information  which  that 
distingniithed  and  experienced  observer  has  so  largely  at  his  disposal,  and 
without  which  our  own  acquaintance  with  the  Continental  forms  not  known  . 
in  this  country  would  have  been  fox  more  circumscribed. 

The  following  genera  included  in  this  fSEunily  by  Kiitnng  in  'Spedea 
Algarum '  are  here  excluded,  as  we  conceive  either  that  they  are  not  truly 
Desmidian,  or  the  unnecessary  splitting  up  of  older  genera: — 

Trodiiscia, excluded;  Tetraedron, excluded ;  Pithiscus  — Oawkwwmpyra- 
mideamn  (Br^.);   Staurooeras  — Closterium,  in  part;  Polysolenia  (^.)»» 
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dottermm  attacked  by  a  parasitio  growtii (?);  lOorotheea,  ezdnded ;  Poly- 
edriiimy  exdoded ;  ZygozanthiumacXanthidium^mpart;  Phycaatmmy  Asto- 
rozanthiuniy  Stet^uuioxanthinm,««Stanra8tnim ;  GTammatoiiemay  a  diatmi; 
p^mhnaiTift  »  JKdynuiprium  BorrM-i ;  IsthiiioairaaKBiduBiosoBma ;  Eaoampia, 
a  diatom ;  Geminella^  excluded ;  Baphidimn  m  AnkiBtrodesmus ;  Oocardbuiiy 
ezehided. 

The  other  genera  indnded  by  Kiitimg  aie  placed  here  as  a  distmct  group, 
PediaatreeB. 

Didymodadon  (Bdlfs)  seems  not  distingaished  from  certain  Stanrastra  hj 
characteristica  sufficient  to  separate  it  from  them ;  we  have  tiierefore  united 
them,  in  which  we  follow  Br^isson. 

As  to  the  new  or  altered  genera  proposed  by  Nageli  and  de  Baiy,  foimded 
rather  on  the  mode  of  disposition  of  Uie  endochrome  than  on  the  external  form, 
although  we  do  not  yenture  to  deny  its  probably  great  importance,  yet  it 
seems  to  us  that  the  characters  rdied  on  are  in  many  instances  not  sui&ciaitlj 
constant  for  the  purpose,  as  well  as  that  several  of  the  known  Deamidian 
tpecoBB  could  not  be  satisfiactorily  or  indubitably  referred  to  the  particular 
genus  to  which,  judging  from  analogy,  they  ought  to  bekmg ;  neither,  indeed, 
does  it  seem,  so  far  as  we  can  judge,  that  those  writers  are  themselves  satisfied 
as  to  the  proper  place  ci  certain  species,  nor  does  the  system,  as  yet,  iq)pear 
quite  without  the  disadvantage  of  disassociating  kindred  ybmw.  We  believe 
we  are  fortified  in  the  opinion  we  here  endeavour  to  express  by  that  of  M.  de 
Br^bisson.  The  genera  Gylindrocystis  and  MesotaBuium  are  here  omitted  fitmi 
this  fiunily,  as  their  claims  to  admission  scarcely  seem  as  yet  indubitable  ; 
moreover,  t^ere  seems  to  us  little  certainty  as  to  the  limitation  of  the  species 
hitherto  described  by  Kiitdng  and  others. 

If  we  have  omitted  some  of  the  species  described  by  the  various  authars 
before  dted,  it  is  from  a  conviction  that,  when  either  not  satisfied  as  to  tJieir 
absolute  distinctness,  or  unfrimished  with  what  we  could  look  upon  as  saffi- 
dently  exact  details,  it  was  tiie  safest  course  we  could  pursue, — as  it  seemed 
to  us  better  to  leave  out  a  few  species,  than  to  insert  them  witii  a  desOTptkm 
which,  owing  most  likely  to  our  own  want  of  perception,  might  prove  insuf- 
fident  or  inaccurate.  On  the  other  hand,  some  may  think  we  have  admitted 
too  many  spedes,  and  that  certain  of  the  forms  hereafter  described  may  be  • 
but  **  varieties  "  of  whichever  may  be  assumed  as  the  typical  specific  fonn ; 
but  in  this  condudon  we  cannot  coindde,  as  we  are  disposed  to  believe  that 
the  spedes  hereafter  described  (with  posdbly,  indeed,  a  few  rare  exceptions) 
are  quite  distinct,  and,  at  least  so  fiu*  as  British  or  Irish  spedes  are  concerned, 
are  alwajrs  perfectly  distinguishable. 

An  ingenious  method  of  succinctly  expressing  by  means  of  symbdb  the  ex- 
ternal characteristic  forms  of  the  genera  Tetrachastrum,  Micrasteiias,  and 
Euastrum,was  propounded  in  a  paper  by  Rev.  E.  Y.  Dixon,  read  to  NatHkt 
8oc.  Dub.,  3rd  June,  1859.  We  append  his  own  explanation,  as  the  b^  that 
could  be  given : — 

**  The  typical  mode  of  division  [in  the  genera  above  named]  (as  exemplified 
in  Euastrum  pinnatunif  E.  obUmgwn,  &c.)  appears  to  be  into  three  portions  or 
Bubdivm&ns, — the  first,  next  the  line  of  separation  of  the  segments,  extend- 
ing across  the  firond,  and  embracing  the  two  basal  lobes ;  the  second  induding 
the  median  lobes ;  and  the  third,  the  extreme  or  end  lobe.  This  last,  or  third 
subdLvidon,  is  the  most  constant.  The  two  former  are  frequently  represented 
by  a  mere  sinuodty  or  shallow  indentation  where  the  third  is  distinctly  deve- 
loped ;  but  we  never  find  the  first  subdividon  distinct,  and  the  second  and 
third  impOTfeetly  separated.  The  whole  three,  indeed,  may  be  merely  maiiced 
bydight  sinuodties,  as  in  Euastrum  eunsatum ;  but  if  any  one  is  separated,  it 


Digitized  by  VjOOQ IC 


OF  nUI.  DESMIDnLS. 


719 


is  the  third.  And  this,  I  may  obserre,  is  the  order  of  deyelopment  of  the  sub- 
diviaioiui  in  the  growing  segment  of  the  typical  MioraSterias :  the  new  seg- 
ment is  first  hemispherical;  the  third  subdivision  is  then  deyeloped;  and 
afterwards  the  first  and  second  are  separated. 

**  Por  the  purposes  of  description  these  three  subdivisions  might  be  denoted 
by  the  letters  a,  6,  e^  and  their  partial  or  complete  development  marked  as 
Collows : — ^When  the  subdivisions  are  distinctly  separated,  their  symbols  might 
be  separated  by  commas,  thus,  a,  &,  c ;  when  any  two  or  more  are  merely 
mariLed  by  a  sinuosity,  they  may  be  represented  tbus,  a'^h ;  and  if  there  is 
no  trace  of  separation,  thus,  ah ;  and  if,  at  the  same  time,  the  direction  of  the 
lines  separating  the  subdivisions  were  noted,  the  fUll  description  as  regards 
the  divisions  of  the  segments  would  be  given.    Thus —  [See  page  721.] 


CONSPEOrUS  OF  THS  0ENBBA. 


/Joints  many  times 
longer  than 

broad  ;  neither 
oonatrioted  nor' 
with  lateral  teeth 
or  projections. 


'^Filament   not   at- 
tadied 


Filament  attached.. 


Filament  cylindri- 
cal or  subcylin- 
drioal  


S«        long. 
^        slightly 


Joints  mostly 

broader 

sddom 
longer 
thanbroad;more 
or  less  con- 
stricted, or  with 
lateral  teeth  or 
angles,  or  other- 
wise flgnred 


Joints  notoon- 
Btricted    ... 


Joints  more  or 
less  deeply 
constricted. 


/Bndoohrome  arranged 
in  sniral  bands 

Bndoouome  a  simple 
central  lonsjitodinal 
contracted  band   ... 

Endochrome  a  single 
longitudinal  flatten- 

edSand 

''Joints  constricted  or 
with  a  forojeoting  an- 
nular rim  at  one  or 
both  ends 

Joints  with  a  bidentate 
process  or  angle  at 

t     opposite  sides  

^Filament  3-4-an^- 
lar ;  joints  hanng 
the  external  margin 
plane  or  dightly  ore- 
nated,  unit^  to  each 
other  hy  projections 
springing  from  the 
outer  portion  of  each 
extremi^,  thus  pro- 
duoinff  interrening 
centnd  foramina  ... 

Filament  S-4-angn- 
lar  or  compressed; 
joints  either  doeelj 
united  bv  a  thidc- 
ened  bordynr  for  their 
entire  end-mai]pn, 
or  by  prpjections 
produoinff  interyen- 
m^centru  Ibramina, 
asm  last  

Filament  compressed; 
joints  united  to  each 
other  by  minute  tu- 
bercles or  gland  - 
like processes    

Filament  compressed 
or  3-angular ;  joints 
without  intermedi- 
ate tubercles  or  pro- 


G-BNICULAEIA. 
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LlPTOCTSTlRBMA. 
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Aptoooritm. 
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SP0in>TL08IVIf. 


Digitized  by  VjOOQ IC 


720 


BT8TSXATIC  HISTOmT  OF  IHB  DTFUHOWA. 


/  Frondi  deeply  ocm- 
■trifltod  ;  leg- 
mentt  more  ot 
Ins  deeply  lobed,^ 
or  if  mBrtHj  un- 
dulate or  teper- 
ing,  the  ende 
acutely  notfdked.. 


F^rond  often  ae 
broad  as  bng, 
rarely,  if  erer,  as 
mubh  as  tluree' 
times  longer  tiian 
bvoad.  Sporan- 
gia mostly  (Nrbi- 
colar  and  spi- 
nous, rarely  oroi- 
oular  or  quadrate 
and  naked  


/fleements  3-lobed,  lateral 
lobes  attenuated,  their 
apices  entire  or  bifid. . .  TiTRACHAeTRUic. 
Segments  3-5-lobed,  la- 
teral lobes  expanded, 
ineised,  tlMir  external 
margins    dentate     or 

rare^sinuate    Mickabtbkiab. 

Segments  3-5-lobed,  or 
sometimes  only  late- 
rally emarginate  or  si- 
nuate, undulate  or 
taperinx;  lateral  lobes 
rounded,  entire,  or  si- 
nuately  emaiginate ; 
end-lobe  mostfy  cen- 
trally emarginate  or 
ooncare,  the  se^ents 
with  variously  disposed 
inflated  circular  promi- 
nences (the  two  latter 
characters  never  simul- 

l     taneously  absent*)  ...  Eua0Tkum. 

/Segments  not  lobed,  en- 
tire, mostly  rounded, 
rarely  undulate  at  the 
margin,  ends  never 
emarginate,  sometimes 
with  a  mMtar^  central 
inflated  prommence  on 
each  m>nt  surfiMse ; 
without  spines  or  pro- 


Fronds  distinotly, 
mostljT  deeply, 
constricted;  seg- 
ments mostly  en- . 
tire,  or  if  some- ' 
what  undulate, 
the  ends  not 
notdied    


Frondmostly  many 
times,  rarely  less 
tiian  three  times, 
longer  than 

broad.  Sporangia 
smooth  {Pemum^ 
annuiatum    and 


SpirottBnui 
cicola  are  some- 
times not  more 
than    twice    as 
long  as  broad)... 


CoaMAaiuif. 

.^ compressed, 

entire,  spinous,  with  a 
central  circular,  cylin- 
drical, or  oonioal  pro- 
jection on  both  front 
sur&oee XAirrHDiiw. 

Segments  compressed,  en- 
tire, either  with  two  or 
with  four  acute  teeth 
or  simple  or  geminate 
subulate  spines  placed 
on  the  external  angles 
or  prominences,  with- 
out a  central  projec- 
tion     Abthiodbmus. 

Segments  in  e.T.  angular 
or  radiate Staurastbux. 

Segments   in-  f  Ends  trilobed.  Triplocuuls. 
Bated  at  thej 

base [Endstnmcate.  Docmnm. 

Segments  not 
mflated    at 

the  base  ...    Bndsnotdied.  Tstmbmorus. 
^Frond  curved  or  arcuate, 

not  constricted CLoerKRinH. 

Frond  straight,  ends 
truncate  or  rounded, 
scarcely  or  not  at  all 

constricted    Psxnrif. 

Frond  stnidit  or  nearly 
so,  endoonrome  spi- 
rally twisted Spirotjwu. 

Euattrum  crmatum  (Kg.)  is  perhaps  an  exception. 


/Frond  dis- 
tinctly con-  ^ 
stricted  at 
the  middle. 


Frond  either  not  at 
all  constricted,  or 
withaali^tand^ 
nadual  attenua- 
tion  towards  the 
middle 
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[Proviahnalfy  tnehidmi.] 
Cells  elongate,  attenuated,  entire,  aggregated  into  faggot-like  bundles...  AifsisnoDESMUs. 
OelU  rounded,  oompreBsed,  deeplj  ooniferioted,  stipitate  Cosmocladium. 


'*  Euastrum  ctmeatum  would  be  represented  by  a'^b^^e. 
Euasimm  jpinnattmi,         „  „  a,    b,   e,  parallel. 

Euastrum  obhngum,        „  ,,  a,    6,    c,  subradial. 

Micrasterias  dentieulata,  ,f  „  a,    b,    e,  radial. 

BhiiOStrum  pectinatwny       „  „  a'^b,    c,  parallel. 

Tetrachastrom  „  „  ab,  c,       parallel." 

The  following  oontractions  are  employed,  which  may  require  explanation : — 
f.  v.,  front  view ;  s.  v.,  side  view ;  e.  v.,  end  view ;  tr.  v.,  transverse  view ; 
e.  f,,  empty  frond ;  L.,  length,  B.,  breadth,  of  frond.  The  measurements  are 
expressed  in  so  many  fractions  of  inch  by  the  use  of  two  acute  marks,  thus, 
L.  1-598'' ss  length  of  frond  ^^th  of  an  inch.  In  most  of  the  foreign  species 
we  are  without  the  data  to  give  measurraaents.  G.B.,  Great  Britain ;  I.,  Ire- 
land ;  F.,  France ;  G.,  Germany ;  U.S.A.,  United  States  of  America,  refer- 
ring to  the  record  of  the  occurrence  of  the  spedes  in  those  countries.  It  is 
belieyed  that  even  this  rough  attempt  at  an  indication  of  the  distribution  of 
these  organisms  may  not  be  altogether  without  its  use.  Doubtless  many  occur, 
and  perhaps  different  forms,  in  other  countries  of  Europe ;  and  information 
is  much  wanted  in  this  respect  as  to  other  parts  of  the  world. 

Where  a  species  occurs  under  another  name  in  the  works  above  cited,  we 
have,  as  far  as  possible,  given  the  synonym,  but  should  it  occur  there  under 
the  same  name,  it  is  not  repeated. 

The  characters  printed  in  italics  are  such  as  immediately  distinguish  each 
species  frt)m  its  nearest  allies,  and,  the  genus  being  known,  are  probably 
thoRe  which  should  be  first  consulted ;  but  it  is  always  requisite  to  peruse  the 
whole  of  the  characters  applicable  to  each  species  and  genus,  with  a  view  to 
render  the  identification  accurate. 


A.  Plant  an  elongated  jointed  filament.     Sporangia  orbicular y  smooth. 
1.  Joints  many  times  longer  than  broad. 

Genus  GENICULARIA  (De  Bary). — Filament  cylindrical ;  joints  elongate, 
cylindrical,  without  a  constriction  or  inflation,  ends  truncate;  endochrome 
arranged  in  two  or  three  spiral  bands  upon  the  cell- wall,  sometimes  irregular. 
Joints  previous  to  conjugation  disunited,  and  bent  during  the  process ;  spo- 
rangium placed  between  the  empty  conjugated  joints. 

Gbniculabia  8pirct4Bma  (De  Bary). 


—  Joints  ten  or  twenty  times  as  long 
as  broady  very  slightly  enlarged  towards 
their  ends,  on  the  outer  surface  rough 
with  minute  scattered  granules.     Spo- 


rangium orbicular,  smooth,  placed  be- 
tween the  conjugating  joints,  which  are 
bent  into  a  miee-shape,  with  which  it 
remains  for  some  time  in  connexion. 
"B.l-130'"-1.100."'"  (m.8.)    G. 


Genus  GONATOZYGON  (De  Bary).— Filament  cylindrical;  joints  elon- 
gate, slender,  cylindrical  or  narrow-fusiform,  without  a  constriction  or  in- 
flation, ends  tnmcate ;  endochrome  a  single,  central,  longitudinal,  undvlatory, 
contracted  band.  Joints  previous  to  conjugation  disunited,  and  during  the 
process  bent  into  a  knee  shape  ;  sporangium  as  last. 

GoNAT07A'G0N  Ralfm  (De  Bary).  — ■  I  what  dilated,  ten  to  twenty  times  as 
Joints  cylindrical  with  the  ends  some-  |  long  as  broad,  rough  on  the  surface  with 
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numerous  minute  scattered  granules; 
endochrome  sometimes  bifid  at  the  ex- 
tremities, usually  with  a  pale  space  at 
the  centre,  and  with  a  longitudinal  me- 
dian series  of  lighter-coloi^ed  dense  cor- 
puscles. Sporangium  same  as  preceding 
snecies.  (in.  1,2.)  L.  1-100" ;  B.  1-2350". 
thcidium  asperum  (Ralfe) ;  Leptocysti- 
nema  asperum  (Archer).  G.B.,  I.,  F\,  G. 
G.  Brehissonii  (De  B.). — Joints  nar^ 


'fimformy  subcapitate  at  ends,  loosely 
united,  often  single,  rough  on  the  sur&ce 
with  minute  scattered  granules;  endo- 
chrome usually  with  a  pale  space  at  the 
centre,  and  a  medium  senee  of  corpuscles. 
Sporangium  as  preceding.  Doddwm 
aaperum  (Br^.) ;  Lep.  Fortii  (Archer). 
L.  1-200"  to  1-106";  B,  1-3600".  L, 
F.,  G.  P  much  smaller,  and  joints 
yarying  in  length. 


Genua  LEPT0CY8TINEKA  (Archer).— Filament  attached,  cylindrical; 
joints  elongate,  cylindrical,  slender,  linear,  without  a  constriction  or  inflation, 
ends  truncate ;  endochrome  a  longitudinal  flatUned  Ixmd.  (No  evident  gela- 
tinouB  sheath.) 

A  genus  und^  the  above  name  was  founded  by  Mr.  W.  Archer  (Nat.  Hist. 
Eev.  vol.  v.  p.  250)  for  the  reception  of  the  single  species  now  here  included, 
as  well  as  the  two  q>eoie8  of  Gonatozygon  (De  B.),  not  being,  however,  then 
aware  that  De  Bary  had  previously  estaldished  the  latter  genus  in  '  Hedwigia.* 
However,  as  the  reproductive  condition  of  Lep.  Kinahani  (Archer)  is  yet 
unknown,  we  deem  it  more  advisable  to  allow  that  qpedes  to  remain  under 
its  original  name,  and,  for  the  present  at  least,  to  retain  the  genus,  distin- 
guishing it  here  firom  (>onatozygon  by  the  filaments  bdng  attached  (a  singukr 
drciunstance  in  Desmidiaceae),  and  the  endochrome  a  flattened  band.  The 
species  is  very  distinct  indeed  from  the  two  preceding. 


Lkptocystinkma  Kinahani  (Archer). 
—  Filament  2  to  3  inches  long,  often 
breaking  up  into  separate  joints;  joints 
20  to  40  times  as  lon^  as  broad,  Imear, 
smooth :  endochrome  m  its  broader  dia- 
meter filling  the  entire  width  of  the 
joint — in  the  narrower,  not  more  than 
one-third,  occupying  the  centre  of  the 
joint,  and  at   tne  central    pale   space 


curved  towards  the  cell-wall,  and  hav- 
ing imbedded  within  it  a  longitudinal 
median  series  of  globular,  li^t-coloured, 
dense  corpuscles  (one  occupying  the 
centre  of  the  pale  space),  retracted  at 
each  end  of  tne  joint,  leaving  a  dear 
space  in  which  are  active  granules. 
Sporangium  unknown.  L.  1-200"  to 
1-50";  R  1-1900".   (m.  4.)    L 


2.  Joints  mostly  broader  than  long,  very  seldom  slightly  longer  than  broad. 

Genus  HYALOTHECA  (Ehr.). — ^Filament  cyUndrical,  very  gelatinous; 
joints  having  either  a  slight  coTistriction,  which  produces  a  crenate  appearance, 
or  a  grooved  rim  ftt  one  or  both  ends,  which  forms  a  bifld  projection  at  each 
side ;  end  view  circular ;  endochrome  radiate. 

Hyalothec  A  dtssUiens  (Br^b.). — Fila- 
ment fragile,  crenate;  joints  usually 
broader  than  lon^,  tmth  a  shaUow  groote 
round  each,  dividing  the  endochrome 
into  two  portions.  Sporangium  globular, 
smooth,  placed  witnin  uie  persistent 
connecting  tube  formed  by  the  mutual 
fusion  of  a  fresh  extension  from,  and 
produced  between,  the  sides  opposed  to 
each  other  of  the  conjugating  pairs  of 
joints,  the  filament  liavmg  previously 
broken  up  into  single  joints,  (ii.  32  &  36). 
L.  1-2105"  to  1-1351";  R  1-1308"  to 
1-833".  =s  Conferva  dissiliem  (Smith), 
Glceoprium  dissiUens  (Berk.,  Hass.),  fft/a^ 
lotheca  mucosa  (Kg. ).  G.B.,  I.,  F.,  O., 
U.S.A. 


n.  mucosa  (Ehr.). — ^Filament  scarcely 
fragile,  mucous  sheath  very  broad ;  joints 
about  as  broad  as  long,  noi  conshicted^ 
hut  kavmg  at  one  of  Me  ends  a  mumU 
bidenUtte  projectitm  on  each  maxgin,  the 
adjoining  end  of  the  next  joint  beinr 
similar,  mese  projections  being  produced 
by  an  annular  grooved  rim.  li.  1-12W 
to  1-600";  B.  1-1250"  to  1-1111". 
=s  Conferva  mucosa  (Mert,  Hook.^  Harv.), 
Gkeoprium  mueosum  (Haas.),  S.  ItaMi 
(%.).    G.B.,L,F. 

H.  ?  dtdna  (Kff.\ — ^FOament  without  a 
mucous  sheath  (?);  joints  rather  broader 
than  long,  with  two  punda  near  each 
margin,    G. 
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GennB  DIDYMOPBIUM  (Kg.). — Filament  gelatinoiiSy  eylindrieal,  tmu- 
larly  twisted ;  joints  with  a  Udentate  procesB  or  angle  at  each  side ;  end  view 
drcnlar^  or  broadly  elliptic,  with  two  opposite  projections  formed  by  the 
angles ;  endochrome  radiate. 


DiDYMOFRiTTM  OreviUii(Kg.). — Sheath 
distinct ;  j  oints  broader  thMi  long,  toith 
a  thickened  border  at  their  junction ;  angles 
Udentaie ;  teeth  (mgular ;  ircmsverse  view 
broadlv  dUpUc,  Sporanfiiom  orbicular, 
formed  within  one  of  ue  two  conju- 
gating jomta,  the  endochrome  pasffliiig 
oyer  nrom  one  by  a  narrow  connecting 
tube  produced  between  the  otherwise 
but  little  altered  broken-np  single  joints. 
L.  1-464";  B.  l-4k70".=jbesnudium  eg- 
Undricum  (auct.),  Arthrodestnus  ?  cyl, 
(Ehr.),  Desmidium  compressum  (Corda), 
D.  GrevinU  (De  B.).  G.B.,  L,  R,  G., 
Prussia,  U.S.A. 


D.  Borreri  ^Ralfe).  —  Joints  inflated, 
barrel-shaped,  longer  than  broad,  wUhout 
a  thicken^  border  at  their  junction :  angles 
bicrenate,  crenatures  rounded;  transverse 
view  drddar.  Sporangium  elliptic,  formed 
within  the  (for  some  time)  persistent 
extensions  m>m  the  conjugating  joints, 
which  do  not  previously  break  up  into 
single  joints,  but  couple,  still  united  in 
the  filament,  in  a  confused  or  zigzag 
manner,  some  of  the  Joints  remaining 
unchanged,  (n.  ^,  39.)  L.  1-039" ; 
B.  1-1030".  =  JBambusina  JBrebissonii 
(Kg.,  Br^b.).    G.B.,  L,  R,  G.,  U.S.A. 


Genus  APTOGOIOJM  (Ealfe).— Filament  S-A-angtilar;  joints  not  eon- 
strictedf  plane  or  crenated  at  the  lateral  margins,  united  only  at  the  outer 
portions  of  each  of  their  end  margins  by  mutual  projections,  thus  producing 
intervening  central  oval  foramina. 

Aptooontjm  BaHeyi  (Hal&). — Joints  I  mina  broadly  oval ;  in  e.  v.  triangular, 
in  f.  V.  quadrangular,  about  as  broad  as  angles  somewhat  rounded,  (in.  6,  e.v.  6.) 
long,  tJiir  lateral  margins  plane;  forar-  |  U.S.A. 

Genus  DESMIDIUM  (Ag.). —  Filament  S-A^angulur  or  compressed,  regu- 
larly twisted ;  joints  bidentate  or  Ucrenate  at  the  angles  or  lateral  margins, 
and  either  clos^^y  united  throughout  the  whole  of  their  end  margins  by  a 
thickened  border,  or  only  at  the  outer  portion  of  each  by  mutual  projections, 
and  thus  producing  intervening  central  oval  foramina. 


DKSMmiUM  aptogonum  (Br^.).  — 
Joints  in  f.  v.  quadrangular,  broader 
than  long,  with  two  rounaed  crenatures 
on  each  lateral  margin,  united  at  the 
outer  portion  only  of  each  end  margin 
by  mutual  projections,  thus  prodticing 
intervening  central  oval  foramina,  G.B., 
F.,  G.,  U.S.A.  o.  Filament  triangular, 
regularly  twisted,  cr^iatures  rounded. 
L.  1-1490";  B.  1-1000".  (in.  7,  e.  v.  8.) 
/S,  filament  compressed,  crenatures  shal- 
l€iwer,andslijg^tfy angular.  L.  1-1295";  B. 
1-925". = AjSogonum  Desmidium  (Eal&). 

D.  SwartzH  (Ag.).  —  Filament  trian" 
gtdar,  emial,  with  a  single  lonffitudinal 
waved  dark  line  formed  by  tne  third 
angle;  joints  in  front  view  somewhat 
quadrangular,  broader  than  long,  with 
Udo  sUghtlg  angular  crenatures  on  each 
latersd  margin,  united  at  the  whole  of 
their  end  margins  by  a  thickened  border ; 
end  view  triangular;  endochrome  three- 
rayed.  L.  1-2000"  to  1-1666";  B.  1-638". 


G.B.,  I.,  F.,  a,  Italy,  Sweden,  U.S.A. 

D.  guadratigulatum  (Ralfs). — ^Filament 
^[uadrangular,  varying  in  breadth  firom 
Its  twisting,  havm^  two  longitudinal 
waved  lines ;  joints  m  f  v.  brother  than 
long,  with  two  somewhat  rounded  ere- 
nahires  on  each  lateral  margin,  united  by 
the  whole  of  their  end  mamns;  e.v. 
quadrangular ;  endochrome  mur-rayed. 
(n.  37,  40.)  L.  1-1244";  B.  1-603"  to 
l'466".^D.quadrangulare(KgX  G.B., 
F.,G.,U.S.A. 

D.  undulatum  (Corda). — Filament  tri^ 
angular;  i oints  in  f.  v.  with  a  slight 
central  notch  at  each  side,  and/our  broad 
crenatures  at  each  lateral  margin,  united 
by  the  whole  of  their  end  margins. 

D.  didymum  (Corda). — Filament  tri- 
angular ;  joints  in  f.  v.  bidentate,  broader 
than  long,  united  by  the  whole  of  their 
end  mar^s;  e.  v.  trian^ar;  angles 
acideJy  oifid.  =  Desmid^tm  bifidum 
(Menegh.).    G.,  Italy. 


Genus  SPHLSIIIGZOSMA  (Corda).— Filament  con¥pre8sed',  joints  deeply 
divided  on  each  side,  thus  forming  two  segments,  and  giving  a  pinnatifid 
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appearance  to  the  filament,  united  to  each  oiher  hy  minute  tubereUi  or  gtand- 


like  processes, 

SPHiEBOZOSMA  veHebroium  (Haifa). — 
Joints  as  long  as  broad;  constriction  deep, 
acute;  segments  reniform,  gland-life 
processes  S)Uquef  solitary  at  the  centre  of 
each  margin.  A  gelatinous  sheath  evi- 
dent sporangium  spherical,  smooth, 
placed  between  the  empty  segments,  the 
filament  prenously  to  conjugation  break- 
ing up  into  single  joiDts.  L.  1-1429" ; 
R  1-909"  to  l-§66".  (I.  16-17.}= i^A. 
elegans  (Corda,  Hass.),  OdonteUa  um- 
dentata  (Ehr.),  Isihtnia  vertebrata 
(Menegh.),  Isthmosira  vert,  (Kg.).  G.B., 
L,  R,  G.,  Italy,  U.S.A. 

S.  excavatum  (Ralfe).  —  Joints  longer 
than  broad,  subquadrate,  very  minute; 
constriction  a  deep  rounded  sinus  on 
both  sides,  and  ttco  sessile  qkmd-Uke  frO' 
cesses  on  each  margin  at  tneir  junction ; 


angles  sometimes  with  three  yerj  minate 
teeth;  no  evident  gelatinous  ekeakh. 
Sporangium  ellintic,  maced  between  the 
empty  joints,  tne  filament  previoofily 
brealang  up.  L.  1-2576";  B.  1-3050'. 
ss  Isthmosira  exawata  (Kg.).  G.B.,  L, 
R,  U.S.A. 

^.JiUforme  (Ehr.). — Joints  about  as 
long  as  broad;  constriction  acute;  seg- 
ments elliptic,  and  united  by  damie 
slender  processes  tohich  include  a  quadrate 
fortmten  between  eadi  pair,  s  Immomra 
JiUformis  (Kg.).     G. 

S.  lamelUferum  (Corda). — Joints  abwit 
one-third  broader  than  long,  oonstzictioo 
deep,  slightly  rounded  within ;  segments 
incurved,  remform ;  connecting  procetees 
"flattened,"  colouiless;  a 
sheath.    G. 


Genus  SPONDYLOSIUM  (Breb.)- 
joints  deeply  divided  on  eadi  side,  thus 
pinnatifid  appearance  to  the  filament, 
processes, 

QTOKDYJjOBWUstomatomorphum  (Br.). 
—  Joints  about  one-third  broader  than 
long,  constriction  deep,  segments  rem- 
formf  ends  broadly  roundedj  no  sheath. 
^Isthmia  stomatomorpha  (Menegh.).  F. 

S.  ptdchrum  (BaiL  sp.^.—Joints  twice 
as  broad  as  long,  constnction  not  deep, 
acute,  segments  dlmtic ;  junction  margins 
straight, /onmn^  mort  connecting  bands ; 
gelatmous  sheath  wide.  =s  Spharozosma 
ptdchrum  (BaU.).     U.S.A. 

S.  pulchelJum  (Archer).  —  Filament 
minute,  fragile ;  joints  about  as  broad  as 
long,  sharply  incised;  segmetits  laterally 
inflated  at  the  base,  thus  giving  a  pouting 
appearance  to  the  joint,  narrowing  to 
tne  ends,  which  are  Araightf  with  square 
angles ;  endochrome  containing  in  each 
sennent  a  single,  central,  lighter- 
coloured,  globular  corpuscle.  No  evi- 
dent  gelatinous   sheath.      L.  1-2380"; 


-Filament  compress^  or  Z-angulari 
forming  two  segments,  and  giving  a 
and  ujithoui  intermediate  tuherdes  or 

R 1-2330".  (mlO^    I. 

S.  denressum  (Br^).  —  Joints  some- 
what oroader  than  long,  subquadrate, 
constriction  a  rounded  stnus^  angks 
rounded,  ends  straight,  furnished  at  end 
margin  on  upper  sur&ce  with  thite 
rounded  protuberances;  ^'no  sheath." 
(in.9.)    R 

S.  serraium  (Bailey,  sp.).  —  Joists 
broader  than  long,  constriction  a  taas- 
gular  notch;  segments  fbnning  latarei 
triangular  acute  prqjecUons,  thus  ^^^ 
a  serrated  outline  to  the  filament ;  junc- 
tion margins  straight  =  Spk^eroamuM 
serratum  (Bail.).     U.S.A. 

S.  secedens  (De  Banr,  sp,). — FikmeDt 
very  fragile,  ioints  as  lonff  as  broad,  eoo- 
striction  a  snallow  rounded  sinus ;  seg- 
ments subelliptic,  ends  concave;  no  geu- 
tinous  sheath.  Ij,1'2S7"'.  =iSj»haroBotms 
secedens  (De  Baiy).     G. 

B.  Fronds  simple,  free,  owing  to  complete  transverse  division, 
1.  Fronds  distinctly  constricted  at  the  middle,  never  as  much  as  three  times 
longer  than  broad.     Sporangia  mostly  spherical  and  spinous  or  tubeam- 
lated,  or  veiy  rarely  spheric^  or  quadrate  and  naked. 

Gtenns  TETRACHASTRUM  (Dixon).  —  Frond  compressed,  deeply  am- 
stricted  into  two  3-lobed  segments ;  lateral  lobes  projecting  horizontally,  or 
sometimes  divergent,  broadest  at  their  base  and  singly  attenuated  outwards ; 
end  lobe  laterally  expanded  into  a  horizonted  attenuated  projection  <m  each 
side,  subtending  the  lateral  lobes ;  central  constriction  a  gradnally  widening 
incision  (ab,  c,  vide  supr4). 
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*  JExtremUies  of  lobes  enUre^  timer  (mate 
or  acute. 
Tbtbachastbtth  arcuatum  (Bailey, 
6p.)' — Frond  lather  broader  thim  long, 

JMTiTiatifid,  quadrangular ;  lateral  lobes 
ong,  slender,  arcuate,  tapering,  divergent 
from  those  of  the  opposite  segment,  tneir 
extremities  acute ;  terminal  lobe  narrow^ 
produced,  its  lateral  projections  abruptly 
transversef  slender ,  attenuated,  acute; 
ends  slightly  concave  at  the  centre. 
^3£tcra8terias  arcuata  (£aiL\  U.S.A. 
T.  expansum  (Bailey,  sp.).  —  Frond 
about  as  broad  as  long,  somewhat  stel- 
late ;  lateral  lobes  long,  slender,  straight, 
conical,  diveigent  from  those  of  the  op- 
posite segment,  their  extremities  acute ; 
terminal  lobe  narrow,  produced,  its  la- 
teralprojections  somewfiat  divergent,  short, 
qtricKly  tapering,  acute;  ends  concave. 
= Jficr.  expansa  (Bail.\     U.S.A. 

T.  mucronaium  (Dixon).  —  Frond 
longer  than  broad,  subelliptic;  lateral 
lobes  rerg  broad,  straight  on  the  margin 
forming  the  base  of  the  sepnent,  tur^d 
on  the  upper  margin,  their  extremities 
rounded,  nimiahed  on  the  maigin  with 
one,  two,  or  three  minute  mucro^Wce  spines, 
one  always  at  the  extremity  or  oasal 
angle  of  the  segment,  others,  when  pre- 
sent, irregularly  placed  on  the  upper 
niargin ;  terminal  lobe  short,  veiy  broad, 
its  lateral  projections  short,  stout, 
quickly  tapenn^,  somewhat  incurved  at 
extremities,  which  are  mucronate ;  ends 
rounded,  with  a  very  shallow  inconspi- 
cuous central  concavity;  tr.  v.  broaoly 
elliptic;  e.  f.  punctate.     L.  1-167";  B. 

2*  Extremities  of  the  lobes  bidentate, 

T,  oscitans  (Dixon). — ^Frond  about  as 
broad  as  long,  pinnatifid;  lateral  lobes 
separated  from  the  terminal  by  a  rounded 
sinus,  horizontal,  conical,  their  extremities 
bidentate;  end  lobe  short,  broad,  its 
lateral  projections  ^lort,  conical,  usually 
bidentate,  narrower  and  shorter  than  the 
lateral  lobes ;  ends  convex  at  the  centre ; 
tr.  V.  fusiform,  e.  f.  punctate.  L.  1-266" ; 
B.  l-2ir.  (n.  28,  2Q).=^Buastrum 
holoegstis  (Kg.);  HohcgsOs  oscitans 
(HasB.);  Mierasterias  oscitans  (Ralfe). 
G.Bb,  I.,  F.,  U.S.A. 

Genus  MICEASTEBIAS  (Ag.).— Frond  mostly  lenticular,  as  long  as  or 
slightly  longer  than  broad,  deeply  constricted  into  two  lobed  segments ;  seg- 
ments usually  semiorbicular,  6-  or  sometimes  3-lobed;  lobes  incised  or 
divided,  mostly  radiant,  narrower  at  the  base  and  mdening  upwards,  thei.r 
ultimate  subdivisions  spreading,  dentate  or  minutely  spined,  or  rarely  only 
sinuate  at  the  outer  margin  ;  central  constriction  usually  linear. 


T.  Americanum  (nobis).  —  Frond 
broader  than  long,  suborbicular,  pinna- 
tifid; lateral  lobes  separated  from  the 
terminal  by  a  deep  acute  incision,  hori- 
zontal, corneal,  tapering,  their  extromities 
bidentate ;  end  lobe  short,  its  lateral  pro- 
jections long,  tapering,  bidentate  at  tneir 
extremities,  as  broad  tmd  long  as  the  lateral 
lobes ;  ends  broadly  rounded.  =  Mieras- 
terias incisa  (KUtz.),  Bailey,  in  'Micr. 
Obs.  in  S.  Carolina,^  &c.,  but  surely  not 
that  species ;  we  are  therefore  obliged  to 
place  it  here  under  another  specific 
name. 

T.  pinnatifidum  (Dixon). — ^Frond  ra- 
ther broader  than  long,  plane,  pinnatifid ; 
lateral  lobes  separated  m)m  the  terminal 
by  an  equal  subacute  incision,  triangular, 
subcorneal,  horizontal^  their  extremities 
bidentate;  end  lobe  short,  its  lateral 
projections  transverse,  short,  bidentate 
at  the  extremities,  ends  straight  (colour 
pale).  L.  1-440";  B.  1-892". =itfuTa». 
terias  pinnatifida  (Ralfe,  Br^bO;  Buas^ 
trum  pinnatifidum  (Kg.).  Qc,B,,  F.,  G., 
U.S.A. 

T.  didymacanthum  (Na^.  sp.). — ^Frond 
about  as  broad  as  long,  pinnatifid ;  late- 
ral lobes  separated  from  the  terminal  by 
a  wide  rounded  sinus,  their  lower  margin 
convex,  in  apposition  with  those  of  the 
opposite  segment  for  a  portion  of  their 
length,  then  slightly  oivergent,  their 
upper  margin  nearly  straight,  horizontal, 
their  extremities  bidentate;  end  lobe 
long,  united  to  the  basal  portion  by  a 
narrow  neck,  its  lateral  projections  short, 
their  extremities  bidentate,  ends  slightly 
convex.  L.  1-40'";  B.  1-40"'.  =  Euas- 
trum  didymacanthum  (Nag.).    G. 

T.  quadratum  (Bail.  sp.).  —  Frond 
broader  than  long,  pinnatifid.  Quadran- 
gular; lateral  lo^  separated  nom  the 
terminal  by  a  wide  rounded  sinus,  some- 
what inflated  at  their  base,  elongate, 
slightly  divergent  from  those  of  the 
opposite  s^ment,  their  produced  extre- 
mities slen£r,  bidentate;  end  lobe  nar- 
row, produced,  its  lateral  projections 
transverse,  elon^te,  slender,  bidentate 
at  the  extremities;  ends  with  a  slight 
central  concavity. = 3£ic,  quadrata  (Bau.). 
U.S.A. 
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*  7^  wbdivisions  of  thelobee  tpreadmg 
m  a  pkme  at  riaht  angks  to  that  of  the 
frond,   (a,  6,c.) 

MiCRASTSBiAS  muHcata  (Kalfs).  — 
Frond  quadrangular;  segments  8ub-5- 
lobedi  looes  opposite ;  baral  lobes  tripar- 
tite, middle  lobes  bipartite ;  end  lobe 
ezserted  and  laterally  divergenty  its 
lateral  extensions  bipartite :  all  the  sub- 
divisions of  aU  the  lobes  divergent  and 
ditpoaed  m  a  plane  at  right  angles  to  the 
plane  of  thefrondy  their  extremities  ter- 
minatmg  in   three   or  four  projecting 

Soints;  the  intervals  between  the  lobes 
eep  rounded  sinuations ;  ends  straight, 
entire,  ^£ua8trum  muncatum  (Bailey). 
U.S.A. 

2  *  ITte  subdivieione  of  the  lobes  spreading 
in  the  same  plane  as  the  frond, 

t  FVond  subelliptic ;  se^ents  3- or  sub- 
5-lobed,  lobes  spreading,  the  intervals 
between  the  lobes  being  wide ;  lateral 
lobes  bipartite,  their  subdivisions  di- 
vergent, end  lobe  exserted  and  laterally 
divergent,   (a^^,  c) 

M.  Baileyi  (Kalis).— Frond  granulated 
all  over-,  segments  3-lobed ;  lateral  lobes 
deeply  bipartite,  subdivisions  slender, 
theur  extremities  bidentate,  the  lower 
subdivisions  horizontal,  approximate  to 
those  of  the  opposite  segment,  the  upper 
divew^ent;  end  lobe  narrow  oelow,  ex- 
sertec^  transversely  expanded,  its  lateral 
extremities  truncate:  ends  concave. 
U.S.A. 

M.  ringens  (BaUev).  —  Frond  some- 
what coarBeXy  aranukUed  at  the  margin ; 
Xents  d-lobed;  lateral  lobes  some- 
broadly  bipartite,  stout,  divergent 
from  those  of  the  opposite  segment, 
their  subdivisions  having  the  extremities 
obscurely  bidentate;  end  lobe  narrow 
below,  exserted,  transversely  expanded, 
its  lateral  extremities  obtuse ;  ends  con- 
cave.   U.S.A. 

M.  furcata  (Aff.).  —  Frond  smooth ; 
segments  8ub-5-loDed ;  basal  and  middle 
lobes  bifid,  their  subdivisions  slender, 
linear,  divergent,  ond  forked  at  the  apex, 
bifurcation  usually  incurved;  end  lobe 
exserted^  with  a  rounded  sinus  between 
the  considerably  produced  divergent  ex- 
tensions from  the  angles,  which  are  ulti- 
mately forked,  their  oifurcations  in- 
curved. L.  1-135";  B.  1-156".  =  M. 
radiata  (Hass.),  M.  MeUtemis  fi  gracilis 
(Kg.).     G.B.,TJ.8.A. 

M.  Cruic-MeUtensis  (Ralfe).  —  Frond 
smooth;   segments   sub-6-loDed;   basal 


and  middle  lobea  bifid,  subdivisions 
t^kort,  stout,  and  bidentate  at  the  a^; 
end  lobe  exserted,  with  a  rounded  sinus 
between  the  |»odnoed  diveirait  exten- 
sions frt>m  the  angles,  whi(m  are  ulti- 
mately bidentate.  L  1-206" ;  B.  1-221". 
(i.  22).  a  Euastrum  Crut-MeUtentk 
(Ehr.) ;  3f.  ifipAiteiiMi  (Meneg^).  G.E, 
P.,  a,  Italy,  u.aA. 

2t  Frond  anguhu^elliptic,  sobauadiato 
or  suborbicular ;  segments  8-lobed; 
lobes  spreading,  the  intervals  between 
the  lobes  being  usually  wide :  lateral 
lobes  either  bipartite  and  inoso-desi- 
tate  or  trunc(£fce  on  outer  maigin ; 
end  lobe  mostly  exserted,  divergrat 
(»-6,c.) 

M.  Americana  (Kal6). — ^Frond  angu- 
lar elliptic,  more  or  less  punctate ;  seg- 
ments 3-iobed;  lateral  lobes  broad, 
cuneate,  their  margins  concave,  indso' 
serrate;  end  lobe  broad,  cuneate,  and 
exserted^  bipartite  at  the  angles,  die 
subdivisions  narrow^  and  minutely  den- 
tate at  the  extremities;  end  concave. 
L.  1-204";  B.  1-254^  On.  44,  bad).= 
Euaetrum  Americatntm  (Ehr.).  Q,B,, 
I.,  F.,  U.S.A.  p,  margins  waved  rather 
than  dentate. 

BL  foUacea  QBailey). — Frond  sub- 
quadrate,  smooth;  se^ents  d-lobed; 
lateral  lobes  deeply  bipartite,  indso- 
dentate.  their  maigins  extending  to  so 
equal  oistance  from  the  middle  line  of 
the  frt)nd,  with  a  short  rounded  tooth- 
like  prof  ection  next  the  end  lobe ;  end  lobe 
narrow,  somewhat  dilated  above,  anglas 
emarginate ;  ends  concave.    U.S.A. 

M.  incisa  (Eg.). — Frond  about  as 
broad  as  lon^,  suborbicular;  lateral  lobes 
horizontal,  sides  parallel,  abnqrify  trun- 
cate, with  a  tooth  at  each  angle ;  end  lobe 
short,  veiy  broadly  cuneate,  entire,  its 
angles  acute. = Euastrum  Orux^MeHtensit 
(Mir.).    G.,F.,U.S.A.P 

M.  decemdeniaium  (Nag.).  —  Frond 
about  as  broad  as  long,  suoorbicular; 
segments  3-lobed;  lateral  lobes  hori- 
zontal, side  subparallel,  obscurti^  bipar- 
tite, their  subdivisions  acutdy  IndetfUate; 
end  lobe  broadly  cuneate,  entire,  angles 
acute;  ends  roundecL  L.  1-56'";  R 
155"'.  =  M.  Neodamengis  CBnxm) ;  M, 
Itzigsohnii  (Bt^,).    F.,  G. 

3t  Frond  circular;  segments  5-lobed; 
lobes  approximate,  uie  intervals  be- 
tween the  lobes  being  linear  or  veiv 
deep  and  acute  incisions;  basal  ana 
middle  lobes  dichotomously  divided 
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or  deeply  incited;  end  lobe  narrow^ 
seldom  and  bat  yeiyalightly  exaerted. 

M.  Tarreyi  (BaiL). — ^Frond  smooth; 
se^ents  o-lobed;  basal  lobes  bifida 
middle  lobes  trifid,  the  subdivisions 
nearest  the  oppodte  segments  and  those 
nearest  the  terminal  lobe  bideniate  at  the 
apex ;  the  intermediate  three  terminat- 
ing in  iicMtojN>iirt^;  all  somewhat  tit/IoM 
and  U^^ering ;  teiminal  lobe  narrow,  not 
cxserted,  spreading  at  the  angles  into 
divergent  tapering  points ;  ends  slightly 
emarginate.    U.S.A. 

M.  deniiculata  (Br6b.). — ^FVond  orbicu- 
lar,  smooth ;  segments  5-lobed;  basal  and 
middle  lobes  twice  dichotomous;  ulti- 
mate subdivisions  irtmcatO' emarginate, 
with  rounded  angles;  end  lobe  simply 
thrice  emarginate.  Sporangium  orbicu- 
lar,  beset  with  scattered  stout  elonjrate 
spmee,  at  first  simple  and  obtuse,  aiter- 
wards  forked  or  trifid,  their  divisions 
finally  again  branched  and  recurved.  L. 
1-113",  fi.  1-138".  (n.  22,  sporangium). 
sa^Euastrum  Rota  fKhr.)  in  part  Q.B,, 
Lj  F.,  G.,  Italy,  U.S.A.  ft  ends  broader, 
slightly  hirsute  at  the  terminal  margin 
(Rdley). 

M.  rotata  (Ralfe). — Frond  orbicular, 
smooth;  segments  5-lobed;  basal  lobes 
twice,  midcQe  lobes  thrice  dichotomous ; 
ultimate  subdivisions  acutely  bidentate; 
end  lobe  very  slightly  exserted,  its 
angles  very  slightly  proauced,  bidentate, 
ends  emarginate.  In  transverse  view  is 
seen  an  inflated  protuberance  just  over 
the  central  isthmus,  which  may  possibly 
exist  in  other  species  of  Micrasterias. 
L.  l-Or,  B.  l-lOl".  (l,20^= Euastrum 
JRota  (£hr.,Nag.)  in  part ;  ^^itomia  rotata 
(Harvey).    (Sm..  R,  G.,  Italy,  U.S.A. 

M^^mbriata  (Kalfe). — ^Frona  orbicu- 
lar, smooth;  segments  5-lobed;  basal 
lobes  twice,  midme  lobes  generally  thrice 
dichotomous ;  ultimate  subdivisions  ob- 
tusely emai^gpbate,  each  furnished  with 
two  curved  (ictde  spines ;  end  lobe  some- 
what exserted,  the  angles  slightly  pro- 
duced and  rounded,  and  each  furnished 
wiUi  two  or  three  minute  spines ;  ends 
concave.  L.  1-108",  R  1-119". = -Et«w- 
4rMmi2ote(EhrOinpart  G.R,U.S.A. 

M.  cmiciuata  (Mene^h.). — ^Frond  orbi- 
cular, hispid €Ul over  wUh  scattered  spines; 
segments  5-lobed ;  basal  and  middle  lobes 
once  or  twice  incised,  their  external  mar- 
gin toothed,  ultimate  subdivisions  fur- 
nished with  two  acute  spines ;  end  lobe 
narrow,  spinous  on  external  margin,  s 
Euattrum  acuieatum  (Ehr.).    G.,  F. 


M.  radiosa  (Ag.). — Frond  orbicular, 
smooth;  sesments  5-lobed;  basal  lobes 
twice,  midme  lobes  generally  thrice  di- 
chotomous, uldmatesubdivisionstM/KoW, 
attenuate  toumrds  the  end,  bidentate ;  end- 
lobe  emarginate,  its  angles  dentate,  (i. 
21.)  L.  1-138":  R  1-138". =Ja«w^m 
8ol(Ehi.y    G.  R.  L,  F.,  U.  S.  A. 

M.,  papiUi/era  (Br^b.).— Frond  orbicu- 
lar, having  the  principal  sinuses  bordered 
by  a  row  of  minute  granules,  otherwise 
smooth ;  segments  5-lobed ;  basal  and 
middle  lobes  twice  dichotomous,  their 
ultimate  shallow  subdivisions  terminated 
by  ttco.  sometimes  three,  gland-Wee  teeth ; 
end-looe  emar^pnate,  its  angles  dentate. 
Sporangium  as  m  M.  denticuKita,  but  con- 
siderably smaller.  L.  l-221"-l-206" ; 
B.l-238'-l-2H".  (l  18,  spor.  19).  G.B., 
L,F.,U.S.A. 

4t  Frond  orbicular;  segments  5-lobed; 
lobes  approximate,  the  intervals  be- 
tween tne  lobes  shallow  narrow  inci- 
sions; the  lateral  lobes  dentate,  crenate, 
or  slightly  sinuate;  end  lobe  broad,  not 
exserted.   (oT^b,  c.) 

M.  quadragies-cuspidata  (RsHh),^ 
Frond  hispid  aU  over  with  scattered  minute 
hair'Uke  spines ;  segments  5-lobed ;  basal 
and  middle  lobes  sligjitly  bipartite,  their 
subdivisions  bidentate;  end  lobe  very 
broad,  cuneate,  truncate,  its  angles  biden- 
tate. =  Cosmarium  guadragies-cuapidatum 
(Corda).    G. 

M.  truncata  (Br^.). — ^Frond  orbicular. 
smooth;  segments  5-lobed;  basal  ana 
middle  lobes  obscurely  bipartite,  extre- 
mities bidentate ;  end  lobe  very  broadly 
cuneate,  bidentate  at  the  angles,  and  with 
a  slight  central  concavity.  L.  1-240" :  B. 
l-2w".  =  Cosmarium  truncatum  (Coroa) ; 
Euastrum  Rota  (Ehr.)  in  part;  m,  senU- 
radicUa  (Kg.);  JEuastrum  semiradiatum 
(Nag.).    G.B.,  I.,  G.,  F.,  U.S.A. 

M.  crenata  (Br^b.). — Frond  orbicular. 
smooth;  segments  5-lobed;  basal  ana 
middle  lobes  usually  crenate,  or  sinuate: 
end-lobe  very  broadly  cuneate,  roundea 
at  the  ends,  entire.  L,  1-244" ;  R  1-263". 
G.  B.,  L,  U.  S.  A. 

5t  Frond  oblong,  elUptic;  segments  5- 
lobed ;  lobes  approximate  or  spreading, 
intervals  between  the  lobes  linear  or 
somewhat  sinuous,  all  the  lobes  similar 
at  the  extremities,  the  end  lobe  the 
broadest    (a,  b,  c.) 

M.  Jenneri  (Ralls).  —  Frond  oblong, 
minutely  graniuated ;  SM^ents  5-lobea ; 
basal,  middle,  and  end  lobes  cimeate. 
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obficurely bipartite,  and  their  subdiTisions 
emargmale^  or  with  merely  a  tUght  cental 
concavity]  angles  rounded;  end-lobe  at 
extemalmargm  considerably  the  broadest. 
L.  1-147";  B.  1-209".  G.R,I.  a(Ralfe\ 
grannlee  like  mere  pnncta,  lobes  slightly 
bipartite,  subdivisions  emaiginate.      ^ 
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(RalfB),  granules  laiger^  giving  a  dentate 
appearance  to  the  margin^  otherwise  as  a. 
y  (Archer),  granules  givu^  a  rough  i^ 
p^urance  to  the  margin,  lobes  slightlY 
concave,  margins  rounded,  not  bipartite, 
without  emarginate  subdivisions. 


Genus  EUASTRUM  (Ehr.). — Frond  longer  than  broad,  compressed ;  deq>ly 
constricted  into  two  lobed  or  sinuated  segments ;  segments  usoally  pyramidal^ 
5-  or  d-lobed  or  merely  sinuous,  possessing  variously  disposed  drctdar  inflated 
protuberances  (very  rarely  absent) ;  latend  lobes  opposite,  very  rarely  radiant, 
rounded  or  sinuated  at  the  extremities ;  end  lobes  acutely  incised  or  emarginate 
at  the  centre,  rarely  only  concave ;  central  constriction  linear.  (The  inflated 
protuberances  and  the  emarginate  ends  rarely  (if  ever?)  simultaneously 
absent.) 


*  Segments  deeply  lobed:  separating  si- 
nuses directed  intcards  and  downwards  ; 
the  end  lobe  cuneate  and  partly  included 
within  the  notch  formed  oy  the  projection 
of  the  lateral  looes, 

EuASTBTJM  r«Ti«?o«<m(Ehr.). — ^Frond 
somewhat  longer  than  broad,  rough  aU 
over  with  come  granules;  segments  3- 
lobed,  somewhat  divergent,  au  the  lobes 
broad,  cuneate,  with  a  veiy  broad  shallow 
external  sinus  (ab,  c). 

Empty  firona :  f.v.  segments  with  one 
large  circular  basal  inflation  on  surface, 
one  smaller  on  each  side,  and  two  others 
on  the  end  lobe ;  s.  v.  segments  inflated  at 
the  base,  narrowed  into  a  short  neck,  end 
dilated  wiUi  a  central  sinus ;  e.  v.  oblong, 
with  three  inflations  at  each  side,  one  at 
each  end,  end  lobe  having  4  divergent 
lobelets.  L.  1-267";  371-270".  C^- 
marium  verrueosum  (Menegh.),  K  papu- 
losum  (Kg.).  G.B.,  I.,  G.,  F.,  Italy, 
U.S.A. 

E.  oblongum  (Ralfe).  —  Frond  rather 
more  than  twice  as  long  as  broad,  smooth, 
oblong;  segments  b-hbed;  lobes  nearly 
equal,  cuneate ;  lateral  lobes,  or  the  basal 
only,  with  a  broad,  shallow,  marginal 
concavity,  all  their  angles  rounded,  ter- 
minal notch  linear  (a,  b,  e). 

Empty  frond :  f.  v.  seg.  punctate,  with 
three  large  inflations  on  surface  near  the 
base,  two  others  above  and  two  on  ter- 
minal lobe :  tr.  v.  three  times  as  lon^  as 
broad^  witn  three  subdistant  margmal 
inflations  at  each  side,  and  one  at  each 
end,  in  /9  broader  in  proportion,  more 
elliptic,  and  inflations  close ;  e.  v.  end 
lobe  notched  at  opposite  external  mar- 
gins. Sporan^um  orbicular,  beset  with 
numerous  corneal  tubercles.  L.  1-166" ; 
B.  1-282".  (in.  ll,)  =  EchineUa  oblonga 
(Grev.) ;  Euastrum  Pecten  (Ehr.) ;  Oosma- 


rium  sinuosum  (Corda) ;  JButomia  oblonga 
(Harv.).  G.R,L,F.,G.,  Italy, U.S.A.  /5 
smaller,  narrower,  middle  lol>es  rounded, 
without  any  marginal  concavity. 

R  crassum  (Kg.). — ^Frond  aliout  twice 
as  long  as  hTosid,subquadrilateral,Bmooth; 
se^ents  3-lobed ;  basal  lobes  f?ery  broad, 
with  a  very  broad,  shallow  marginal  sinm, 
in  which  there  is  sometimes  a  slight  in- 
termediate rounded  projection ;  end  lobe 
cuneate,  rounded,  tenmnal  notch  linear. 
{ab,c,) 

Empty  frond:  £  v.  punctate,  secmentB 
with  three  inflations  below  and  two 
above ;  tr.  v.  two  or  three  times  longer 
than  broad,  with  three  lobes  or  inflations 
at  each  side  and  one  at  each  end ;  e.  v. 
end  lobe  sinuate  at  opposite  extenal 
margins.  L.  l-193"-l-lfe' ;  R  1-26S". 
=K  Pdta  (Hass.).  G.  R,  I.,  F.,  G., 
U.  S.  A.  /9  smaller,  margins  of  laterd 
lobes  more  concave,  sinuations  between 
the  lateral  and  end  lobes  more  closed, 
the  latter  more  included. 

R  comutum  (Kg.). — ^Frond  about  twice 
as  lon^  as  broaa :  segments  3-lobed,  some- 
what inflated  at  base,  outer  upper  angles 
of  basal  porfiofi  orolonged  into  aprocaS' 
She  protection  oirected  upwwls ;  end 
lobe  mcluded,  its  notch  brc^uL  concave. 

Empty  frond  punctate,    (ab,  e.)    G. 

2*  Segments  sinuously  lobed,  or  Uwering: 
end  lobe  exserted  and  imited  to  the  bam 
portion  by  a  disOnet  neck. 

t  End  lobe  vnth  a  linear  or  acute  notdi. 

E.  pinnatum  rRal&). — Frond  oblong, 
about  twice  as  long  as  broad ;  segmentB 
6-lobed  in  a  pinnatifid  manner,  basal 
lobes  slightiy  emaiginate,  middle  anally, 
rounded,  entire,  end  lobe  exserted,  di- 
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kted,  its  notch  linear ;  tKe  dipper  margin 
of  ike  lobes  harixtmtaL    (a,  6,  e.) 

Empty  frond:  t  y.  segments  punc- 
tate, Qsoally  with  two  large  inflations 
near  the  base,  four  smaller  between, 
tiiree  others  above,  and  two  on  end  lobe ; 
8.  T.  central  constriction  deep,  segments 
inflated  at  the  base,  then  contracted, 
again  inflated,  and  again  contracted  be- 
neath the  dilated  terminal  lobe;  tr. y. 
with  four  lobes  or  inflations  on  each  side, 
and  one  at  each  end;  e.  y.  end  lobe  with 
a  deep  sinus  at  opposite  external  mar- 
gins, concaye  at  the  sides,  so  as  to  produce 
four  divergent  lobelets.  L.  1-188";  R 
1-454".    G.R 

R  kumeroBum  fRalfe).— Frond  about 
twice  as  long  as  broad ;  segments  sub- 
5-lobed ;  basal  lobes  slightly  emarginate ; 
middle  lobes  narrow j  directed  t^noards, 
resembling  processes ;  end  lobe  with  a 
short  nedc,  partly  included  between  the 
middle  lobes,  dilated,  its  notch  linear, 
(a,  b,  c.) 

Empty  frond  minutely  punctate ;  f.  y. 
segments  with  three  inflations  at  base, 
two  aboye  and  two  on  end  lobe ;  tr.  y. 
elliptic,  wi^  three  inflations  on  each 
side  and  one  at  each  end.  L.  1-226" ; 
B.  1-382".    G.R,I.,F. 

E.  ojffine  (Ralfe). — ^Frond  about  twice 
as  long  as  broad ;  segments  3-lobed ;  basal 
lobee  sUghUy  emarginate,  haying  inter- 
mediate between  them  and  the  end  lobe 
on  eaeh  side  a  tubercle  representing  mid- 
dle lobes,  the  tmper  margin  of  totUch  is 
horizontal;  ena  lobe  exserted,  dilated, 
its  notch  linear,   (ab,  c) 

Empty  frt)nd:  fly.  minutely  punctate; 
the  segments  with  four  basal  mflations, 
two  dl)oye  and  two  on  end  lobe ;  tr.  y. 
ellh>tic,  with  four  inflations  on  each  side 
and  one  at  each  end ;  e.  y.  end  lobe  emar- 
ffinate  at  opposite  external  margins,  nro- 
ducing  four  shallow  lobelets.  L.  1-230" ; 
R  1-258".    G.R,  L,  F.,  U.S.A. 

'Eianqmllaeeum(RalfB).—-FTond  rather 
more  than  one-half  longer  than  broad ; 
segments  obscurely  3-loDed,  short,  teith 
broad  inflated  base ;  basal  lobes  not  emar- 
ginate,  haying  on  each  upper  side  a  smaU 
intermediate  tubercle  between  each  and 
tiie  end  lobe ;  end-lobe  exserted  and  di- 
lated, its  notch  linear,  (ab.  c.)  Empty 
frond  minutely  punctate ;  f.  y.  inflations 
indistinct  or  confluent ;  s.  y.  narrow  el- 
liptic, with  seyeral  inflated  protuber- 
ances, ends  scarcely  dilated,  rounded; 
tr.  y.  with  four  inflations  at  sides  and 
one  at  each  end.  L.  1-274" ;  B.  1-894". 
G.R,  L,  F.,  U.aA. 

E.  insigne  (Hass.). — ^Frond  rather  more 


than  twice  as  long  as  broad ;  segments 
inflated  at  base,  sides  entire,  withmd  late- 
ral tubercles,  and  Uttering  into  a  long 
slender  neck ;  end  lobe  dilated,  its  notch 
linear.   (ab,e,) 

Empty  frond  minutely  punctate ;  £  y. 
segments  with  two  infldions  at  the  base; 
s.  y.  narrower,  gradually  tapering  to  the 
end,  which  is  considerably  dilated ;  pro- 
jections rounded,  with  a  siaus  between ; 
tr.  y.  subquadrate,  slightly  concave  at 
sides,  with  a  rounded  lobe  at  the  centre 
of  each  end;  e.  y.  end  lobe  with  a  sinus 
at  opposite  external  margins,  angles  thus 

{)rotTuded  into  four  divergent  rounded 
obelets.  L.  1-232' ;  B.  1-416".  (in.  12.) 
G.B.,  I.,  U.S.A. 

E  Didelta  (Kalis).— Frond  rather  more 
than  twice  as  long  as  broad ;  segments 
pyramidal,  inflated  at  the  base  and  again  at 
the  middle,  end  scarcely  dilated,  rounded, 
its  notch  linear.   (oT^o,  c.) 

Empty  frt)nd  nunctate ;  f.  y.  segments 
with  several  inflations  in  lines  and  two 
at  the  end ;  tr.  y.  elliptic  with  four  infla- 
tions at  each  side  and  one  at  each  end: 
e.  y.  end  lobe  entire  at  margin.   Sporan- 

?:ium  orbicular,  with  subulate  spines. 
1. 23, 24,  tr.y.  26.)  L.  1-186";  B.  1-367". 
s  CoimariumDidelta  (Menegh.),  E,  binale 
(^.).    G.B.,  L,  F.,  Italy,  U.S.A. 

E.  ansatiim  (Ehr.). — ^Frond  about  twice 
as  long  as  broad;  segments  inflated  at 
the  base,  tapering  uowards  without  sinua- 
tions  into  a  neck,  end  not  dilated^  rounded, 
its  notch  linear,  (oft,  c.) 

Empty  frt)nd  punctate;  f.y.  segments 
turgid  on  the  surrace,  at  the  middle  untli- 
out  drcidar  inflations;  tr.  y.  elliptic,  with 
a  single  large  inflation  at  each  side ;  e.  y. 
end  lobe  entire  at  the  margin,  its  divisions 
circular.  L.  1-316";  B.  1-664".=^.  6mafe 
(Eg.),  Cosmarium  ansatum  (Eg.).  G.B., 
lTf.,  G.,  Italy,  U.S.A. 

E.  circulars  (Hass.).  —  Frond  about 
twice  as  long  as  broad,  tapering  t^noards 
into  a  neck^  end  not  dilated,  its  notch  an 
acute  incision,  (ab,  c.) 

Empty  frond :  segments  yiHStifive  basal 

inflations,  four  m  a  half  circle  round  the 

fifth,  and  two  others  at  the  extremity. 

=  Cosmarium  eirculare(KgXJE,  circuktre, 

var.  JSToMoi^XBr^.).    G.R,  F.,  U.S.A. 

E.  sinuosum  (L^ormand).  —  Frond 
about  twice  as  long  as  broad,  segments 
3-lobed,  basal  portion  emarginate  at  the 
sides;  end  lol^  somewhat  dilated,  its 
notch  linear,   (ab,  c.) 

Empty  frond  punctate ;  segments  with 
Jive  basal  inflations  and  two  others  at  ex- 
tremity ;  tr.  v.  elliptic,  with  three  infla- 
tions at  each  side  and  one  at  each  end. 
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L.  1-326";  R  1-640".  »  K  eireulare  fi 
(R£b.).  E»  eirculare,  var.  FaUuieniii 
(BribX    G.R.F. 

E.  Jenneri  (nobia^ — Frond  soaioelT 
twice  a8  long  as  broaa ;  segments  3-lobea, 
basal  portion  subguadrate,  emaramaU  at 
the  maes ;  end  lobe  somewhat  dilated,  its 
notch  linear,  (aby  e.) 

Empty  frond  punctate,  segments  toUk 
several  Bmall  infCatione  arranged  m  aiter- 
note  Unee,  »-R  ciraUare  y  (Ralfe),  -E  ctr- 
eulare,  YKt.  Hal/m  (Br6h.).    G.B.,  F. 

Mr.  Kal&  umtes  this  and  the  two  pre- 
ceding as  three  yarietiee  of  E.  drcware 
(Hass).  Thej  seem,  however,  to  be 
quite  as  distinct  as  any  other  species  de- 
scribed, not  only  in  external  outline,  but 
also  in  the  distribution  of  the  superficial 
inflations. 

2t  End  lobe  straight  or  concave  witliout 
a  central  notch. 

E,peetmatum  (fir^b.). — ^Frond  rather 
more  than  twice  as  long  as  broad ;  seg- 
ments 3-lobed,  basal  portion  subquadri- 
lateral;  lateral  lobes  norizontal,  deeply 
emarginate,  end  lobe  much  dilated, 
straight  or  sUghtly  concave  at  ends,  angles 
entire  or  emarginate.  (abyC*)  Empty fi^nd 
punctate;  £t.  segments  with  tnree  in- 
flations near  the  l&se;  tr.  y.  elliptic  with 
three  inflations  at  each  side  and  two  at 
each  end ;  e.  y.  end  lobe  with  two  minute 
lobelets  at  each  end,  and  two  near  them 
at  each  side.  Sporangium  orbicular,  beset 
with  conical  tubercles,  (n.  10  &  90.) 
L.  1-362" ;  B.  1-668".    G.B.,  L,  F. 

E.  aemmatum  (Kg.,  £r^b.). — Frond 
scarcely  twice  as  long  as  broad;  segments 
3-lobea,  lateral  lobes  horizontal,  deeply 
emarginate,  the  protuberances  mmutefy 
granulate:  end  lobe  dilated,  its  dHata- 
dons  indined  %ipwards,  and  minutely 
granulate',  ends  wUh  a  deep  rounded  etnar- 
ginaOon.  {ab,  c.)  Emp^  frond  slightly 
punctate;  f.  y.  segments  with  three 
granulate  inflations  near  the  base ;  tr.  y. 
broadly  elliptic,  with  three  granulate  in- 
flations at  eadi  side  and  one  at  each 
end ;  e.  y.  end  lobe  crudfonm  lobe- 
lets  rounded,  granulate.  L.  1-443"; 
B.  1-641".  a  Muutrum  (Micosmium) 
HassalUanum  (Nag.).  GJa.,  L,  F., 
Prussia. 

8*  FrondwUhout  a  distinct  terminal  lobe, 
frequently  having  a  process  or  acute 
angle  at  comers  of  terminal  portion, 

E.  rostratum  (Ilal&). — Frond  scarcely 
twice  as  long  as  broad,  oblong ;  segments 
with  their  basal  portion  deeply  emargi- 
nate at  the  sides,  connected  by  a  broad 


neck  with  the  terminal  portion;  ends 
protuberant,  angular,  acutely  einamnate 
at  the  centre,  and  having  at  aocA  side 
a  horizontal  subacute  prfJeetUm.  (ab,  c) 
Sporangium  orbicular,  roinous;  spiDes 
conical,  attenuated.  L.  1-660"  to  1-680" ; 
B.  1-1000"  to  1-714".  (L  2a)  G.B., 
L,  F.,  U.S.A. 

Kpulchellum  (Br^.).— Fnmd  rather 
more  than  one-third  longer  than  Inoad, 
oblong;  segments  with  the  basal  portico 
twice  or  thrice  acutely  dentate  at  ea^  tn- 
/lated  basal  angle,  and  connected  by  a 
broad  neck  with  the  terminal  portion; 
ends  straight,  acutely  emarginate  at  the 
centre,  angles  acutely  mucronate;  eS. 
bearing  at  the  centre  of  each  segment  a 
single  ululated  prominence  bordered  bg  an 
annular  series  of  granules  (in  s.y.  tnm- 
cate),  and  a  few  scattered  granules  near 
the  projecting  parts,  (ab,  ^    F. 

E.  d^gans  (Bi^.,  Eg.). — ^Frond  minute, 
scarcely  twice  as  ixma  as  broad,  oblong; 
segments  with  their  basal  portion  emar- 
ginate at  the  sides,  connected  by  a  broad 
neck  with  the  terminal  portion;  ends 
protuberant,  rounded,  acutely  enuuq^inate 
at  the  centre,  jKMi^ftr^;  s.y.  with  an  infla- 
tion at  the  base  of  the  segmenta,  sides 
concave,  ends  rounded,  {db^^  Sporan- 
gium ori)icular,  spinous.  =  E,  indentatum 
(Nag.).  G.R,L,F.,G.,U.S.A.  o,  neck 
somewhat  constricted,  end  poortion  bear- 
ing on  each  side  an  acute  horizcmtal 
spme-Hke  projection.  L.  1-888"  to 
1-446" ;  B.  1-1441"  to  1-714".  ft  seg- 
ments sinuated,  neck  not  constricted  ami 
without  spines.  L.  1-421";  R  1-^64". 
y,  neck  not  constricted,  lateral  projec- 
tions bearing  minute  spines  directed  ob- 
liquely outwards. »  E,  mnosum  (Hass.). 
L.  1-884";  R  1-1388". 

E.  erenahim  (Kg.).  —  Frond  verr 
minute,  about  twice  as  long  as  broao, 
segments  pyramidal,  their  laUral  margin 
crenate,  ends  broad,  truncate,  entire, 
{ab,c.)    F.,G. 

E.  binaie  (Ralfs). — ^Frond  veiy  minute, 
scarcely  twice  as  lonff  as  broad,  oUong ; 
segments  with  their  basal  portion  either 
entire  or  bicrenate  at  &e  sides,  alightljr 
contracted  beneath  the  ends;  ends  di- 
lated, not  protuberant  beyond  the  trngieSj 
its  central  notch  acute,  Inroad ;  tr.  v.  with 
two  lateral  inflations,  ends  truncate, 
angles  rounded,  (dbc)  L.  1-1670"  to 
1-1428";  B.  1-2400"  to  1-1400".  (mlS.) 
=  Heterocmpella  binaHs  (Turjk),  Cos- 
marium  binaie  (Meneghim),  K  Btdfm 
(Kg.),  R  lobulatum  (Bi^)  P  E.  dubmm 
(Nag.).  G.R,  L,  F.,  U.S.A.  ft  frond 
rather  laiger,  rough,  with  a  few  scattoed 
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granules ;  miurgiiui  of  segments  crenate ; 
acute  angles  of  end  portion  slightly 
horizontally  nrolongedy  its  notch  smalj^ 
rounded  (proDaUy  a  distinct  species). 

£.  cuneaium  (Jenner). — ^Frond  large, 
rather  more  than  twice  as  long  as  broad : 
segments  pyramidal,  broadest  at  base  ana 
narrowing  upwards,  not  lobed,  the  mde$ 
almost  straight  I  ends  truncate,  central 
notch  linear.   (aT^hf^c)    £mpty  frond 


without    inflated    protuberances.      L. 
1-208";  B.  1-420".    G.B,,  I. 

E.  peita  (Kg.\ — Frond  about  twice  as 
long  as  broad,  oolong ;  •egmenit quadrate, 
each  lateral  margin  with  a  smaurounded 
pnduberance  or  in/lation  at  the  bate, 
another  larger  near  the  *fper  end,  ana 
another  somewhat  larger  still  at  the  ttpper 
angle;  ende  straight,  not  notched,  (d,  c.) 
s  Ooimarium  PeUa  (Corda).    G. 


Genus  COSMAEIXJM  (Corda). — Frond  more  or  less  constricted ;  s^ments 
undivided,  usually  rounded,  sometimes  slightly  sinuated,  or  rarely  ^ghtly 
contracted,  somewhat  extended  and  truncate  at  the  ends,  never  notched, 
neither  provided  with  spines  nor  processes ;  e.y.  elliptic,  and  sometimes  each 
side  with  a  lateral  opposite  inflation,  or  circular. 


•  Frond  compressed :  central  constriction 
a  deep,  usuaUv  Unear^  incision;  e.v, 
con^ressed,  either  eH^tic  or  subcruci^ 
form,  owing  to  the  projection  at  each 
side  of  a  protuberance  or  inflation, 

t  Margins  of  segments  entire,  neither 
crenate  nor  granulate. 

CosMABiUM  eubiobalum  (Br^.  sp). — 
Frond  scarcely  twice  as  long  as  broad, 
oblong;  constriction  linear,  segments 
subquadrate,  somewhat  wider  at  the  base, 
lateral  and  end  margins  slightly  concave, 
smooth,  transverse  view  cruciform.  L. 
1-623";  R  1-646". ^ Buastrum?  sublo- 
batum  (Bi€b.).    G.B.,  I.,  F.,  U.S.A. 

C.  pusHfum  (Br6b.  sp.). — ^Frond  very 
minute,  sli^tly  broader  than  long,  con- 
striction acute,  segments  angulato-tra- 
pezoid,  slightly  narrowing  upwards, 
smooth,  angles  rounded,  ends  sliffhdy 
cani»Ye,^Mtastnimpusilhtm(Bi4bX  F. 

C.  quadratum  (Ralfis). — Frimd  about 
twice  as  long  as  broad,  constriction  deep, 
linear;  segments  quadrate,  slightly  pro- 
tuberant on  each  side  at  the  base,  with 
rounded  angles  at  the  ends,  smooth ;  e.v. 
compressed  L.  1-510";  R  1-052". 
G  J3.,  F. 

C.  Ckieumis  (Cotda). —Frond  about 
twice  as  long  as  broad;  constriction 
deep,  linear ;  segments  as  broad  as  lonff, 
witn  the  basal  angles  rounded,  broaeUg 
rounded  at  ends,  smooth;  e.v.  elliptic. 
L.  1-362"  to  1-257";  B.  1-568"  to  1-602". 
^JBuastrum  nitegerrimum  (Ehr.).  G.R, 
I.,  F.,  G.,  Italy,  IJ.S.A. 

C.  JZflrffw"  (Br^b.).— Frond  large, 
slightly  longer  than  Inroad,  orbicular, 
constriction  deep,  linear ;  segments  semi- 
orbicular,  rounded  at  basal  angles, 
smooth ;  e.y.  elliptico-lanceolate ;  endo- 
dkrome  radiate.  L.  1-227";  R  1-270". 
=  C.  €WctimM(Hass.).    G.B.,  I.,  F. 


C.  rupestre  (Nag.  sp.). — Frond  rather 
more  than  twice  as  lonff  as  broad,  con- 
striction not  deep  but  finear;  segments 
broacUy  oval,  turgid,  sides  and  ends 
broadly  rounded,  smooth;  e.£  punctate, 
puncta  scattered,  as  ^uulrum  rupestre 
(Nag.).    G. 

C.  pyramulatum  (Br6b.).  —  Frond 
scarcely  twice  as  long  as  broad^  suboval-, 
constriction  deep,  linear ;  segments  pyra- 
midal, rounded  at  basal  angles,  somewhat 
truncate  at  the  ends,  punctate:  e.v. 
broadly  elliptic.  Sporangium  orbicular, 
tuberculated.  L.  1-471"  to  1-264" ;  B. 
1-769"  to  1-874".  (m.  14,  e.  v.  15.) =i^ 
thiseusangulosus(Kg.),  G.B.,I.,F.,U.S.A. 

C.  lagenarium  (Corda). — Frond  about 
twice  as  long  as  broad,  subelliptic ;  seg- 
ments triangular,  pyramidal,  punctate; 
basal  angles  broadly  rounded,  sides  some- 
what concave,  tapering^  ends  broadly 
rounded.  *  C  ansatum  (Kg.).    G. 

C.  tinctum  (Ralfe).  —  Frond  very 
minute,  about  as  long  as  broad,  constric- 
tion producing  an  acute  notch  at  each 
side;  segments  elliptic,  about  twice  as 
broad  as  long,  smooth ;  e.v.  narrow 
elliptic.  'Eim'^ty  ftOTiA  somewhat  reddish, 
Sporangium,  quadrate,  smooth,  with  an 
empty  segment  of  the  conjugated  fronds 
permanently  attached  to  each  comer. 
L  1-2825";  B.  1-2600".    G.B.,  I. 

C.  bioculatum  (Br^.). — ^Frond  minute, 
about  as  long  as  broad;  constriction 
deep,  producing  a  gaping  notch  at  each 
side ;  se^ents  about  twice  as  broad  as 
long,  elhptic,  smooth;  s.v.  compressed; 
e.v.  elliptic  Sporangium  orbicular,  with 
conical  spines.  L.  1-1416";  R  1-1773". 
G.B.,  I.,  F.,  U.S.A. 

C.  depressum  fBailey).  —  Frond  de- 
pressed, broader  tkan  long,  constriction 
a  deep,  narrow,  acute  notch;  segments 
about  twice  as  broad  as  long,  angular  at 
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bascy  broadly  rounded  at  ends,  smootli. 
U.S.A. 

C.  granahtm  (Br^.). — ^Frond  minute, 
somewhat  longer  than  broad;  constric- 
tion linear ;  se^ente  broader  than  long, 
rapidly  tapermg,  truncato-trianaularj 
smootli;  8.y.  compressed;  e.v.  elliptic. 
L.  1-1234";  B.  1-1602".    G.R,  L,  F. 

C.  polygonum  (Nag.  sp.). — Frond  mi- 
nute, about  one-tnira  longer  than  broad^ 
constriction  shallow,  linear;  segments 
hexagonal,  sometimes  punctate,  lateral 
margins  and  ends  straight)  e.v.  elliptic 
with  a  broad  rounded  inflation  at  each 
side. = Euastrum  polygonum  (Nag. ) .   G. 

C.  Phaseohts  (Bi^b.).— Frond  in  f.v. 
about  as  long  as  broad,  constriction  deep, 
linear:  segments  reniform,  smooth;  e.v. 
eUwtiCf  with  a  slight  corneal  projection  at 
each  side,  L.  1-787";  B.  1-833".=^. 
depressum  (Nag.)  P    G.B.,  L,  F. 

C.  Papuio  (Menegh.).  —  "Segments 
smooth,  tricmgtdarj  with  rectangular 
apex,  sides  very  slightly  sinuato-undu- 
late,  lateral  angles  produced,  acute ;  e.v. 
linear  with  a  lode  at  middle  of  each  side" 
Euastrum  P  Papilio  (Kg.).    G.,  Italy. 

2t  Margins  of  segments  crenate  or 
slightly  undulate,  surface  not  granu- 
late. 

C.  Meneghinii  (Br^b.). — Frond  very 
minute,  rather  longer  than  broad,  con- 
striction linear;  segments  subquadrate, 
bicrenate  at  the  sides  and  ends,  smooth ; 
e.v.  elliptic  L.  1-853'*  to  1-736";  B. 
1-1260'^^  to  1-1176".  =  a  bioculatum 
(Menegh.),  Euastrum  bioculatum  (Kg.), 
E  angviosum  (Br^.),  E,  crenuUftum 
(Nag.).    G.B.,  L.  F»  G.,  Italy,  U.S.A. 

C.  crenatum  (Kal&). — ^Frond  minute, 
not  <]|uite  twice  as  long  as  broad,  con- 
striction linear;  segments  obsoletdy 
quadrate,  crenate  at  the  margin,  flattened 
at  ends,  surface  punctate;  e.v.  ellij^tic. 
Sporangium  orbicular,  spinous;  spmes 
very  short  and  stout,  swollen  at  base, 
and  divided  at  the  apex.  L.  1-474"; 
B.  l'QW\^ Euastrum?  sinuosum  (Kg.). 
G.B.,  I.,  F. 

0.  undulatum  (Corda). — ^Frond  rather 
larger  than  last,  slightly  longer  than 
brtMMi,  constriction  linear;  segments 
semiorbicular,  ends  and  sides  broadly 
rounded,  crenate  or  minutely  imdulate 
at  maigin;  e.v.  elliptic.  Sporangium 
orbicular,  spinous ;  epmes  elongate,  slen- 
der, swollen  at  the  base  and  ouvided  at 
the  apex.  L.  1-416" ;  B.  1-571".  (n. 
33,  spor.  34).  «  Euastrum  crenulatum.  c 
(Nag!)?    G.B.,  I.,  F.,  U.S.A. 


C.  Na^Uanum  (BrA.). — ^Prond  in  £v. 
slightly  longer  than  broad,  constriction 
deep,  Imear ;  segments  broad  at  the  base, 
rapidly  narrowmg  upwards,  sides  with 
several  minute  smuatUms,  ends  broadly 
truncate,  straight  or  very  sUghtly  tmdu- 
late,  obecurely  punctate;  e.v.  elliptic, 
sometimes  somewhat  injQated  at  the 
sides.  ^Euastrum  (  Gosmarium)  cremttum 
(Nag.)-    F.,G. 

C.  tetragonum  (Nag.  sp.). — Frond  in 
f.v.  about  twice  as  long  as  broad,  oblong, 
constriction  linear;  segments  subquad- 
rate, somewhat  narrowing  from  the  base, 
sides  and  end  each  with  three  slight 
sinuationsy  those  of  the  ends  rather 
smaller,  in  each  half  one  large  central 
granule;  s.v.  segments  oval,  rounded, 
constriction  shallow.  =  JSIuas^rtim  tetra- 
gonum (Nag.).    I.,  G. 

C.  venustum  (Brib,  sp.). — ^Frond  some- 
what longer  than  broad,  constriction 
deep, linear;  segments slighdy narrowed 
upwards,  with  two  somewhat  aeq>  stmta- 
turns  at  the  sides^  ends  broad,  truncate, 
shghtly  concave  at  the  centre,  ^iEuastrum 
venustum  (Br^b.).    F. 

3t  Fronds  rough  on  the  surface,  with 
pearly  granules,  which  give  a  denticu- 
late appearance  to  the  maigin. 

C.  tetraophthalmum  (Kg.,  Br^).— 
Frond  about  a  third  longer  than  broad, 
constriction  deep,  linear;  s^^ments/brm- 
ing  nearly  two-tturds  of  a  circle,  rough  on 
the  surface  with  short  and  broad  se^tertd 
pearly  granules,  ^ving  a  crenate  anpear- 
ance  to  the  mamn ;  e.  v.  broadly  elliptic. 
Sporangium  orbicular,  spinous;  spines 
swollen  at  base,  finely  oranched.  L. 
1-232" ;  B.  1-1326".    "G.B.,  I.,  G.,  F. 

C.  ErSbissomi  (Menegli.\ — Frond 
somewhat  longer  than  broad,  ccmstric- 
tion  deep,  linear ;  segments  semiorbieular, 
rou^h  all  over  with  somewhat  etongate- 
corneal  scattered  pearly  granules ;  e.  v. 
eUiptic.  L.  1-286":  R  l-lsO".  =  C.  mar- 
gantiferum  (Kg.)?    G.R,L,F.,G. 

C,  eontpersum  (Ral&). — ^Frond  about 
a  third  longer  than  broad,  constrictiaii 
deep,  linear;  segments  quadriiateral, 
angles  rounded,  rough  all  over  with  de- 
pressed granules  arranged  in  lines;  e.T. 
elliptic  L.  1-162";  R  1-367".= C. 
BrSbissonU  (Menegh^  P    G.B.,  F. 

C.  Ungertamim  (Nag.). — ^Frond  laij^ 
rather  longer  than  broad,  constrictioii 
deep,  linear ;  segments  much  inflated  at 
the  base,  angles  and  sides  rounded,  nar- 
rowing upwards,  ends  broadly  trmeaie, 
rough  at  the  margin,  with  a  few  la^ge 
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'Tputuied  pearly  gramiiea  placed  in  lme$, 
\he  disc  pmuiate;  e.  y.  broadly  elliptic^ 
the  lazve  pearijr  gianules  ean/ined  to  the 
rounded  extremUies,  regularly  disposed  in 
%  few  eyident  lines,  the  intennediate 
cenired  apace  punclate.  <<L.  1-37'";  B. 
1-43'".^'  =  Buastrum  (Coanarium)  Un- 
gerianum  (Nag.).    G. 

C.  oedU  (Ral&).  —  Frond  yery  large^ 

elliptic,  nearly  twice  as  long  as  broad, 

constriction  yery  deep,  linear;  segments 

aomerwhat  broaaer  than  long,  aomewhai 

triangvUar^  rounded  at  ende,  rough  near 

the  tnargmy  with  a  band  of  large  pearly 

gran(Ule»y  producing  a  dentate  appear- 

aiMe,    the  due  punctate  \   e.  y.  eUiptio. 

L.  1-189" ;  R 1-240".    G.R,  R,  U.SJL 

C.  preemormm  (Br^b.). — ^Frond  rather 

longer    than  broad,  constriction   deep, 

linear ;  segments  broadly  remformj  sides 

Totmded,  ends  somewhat  truncate,  rou^h 

with  yexAj  granules,  an  anmdar  eertee 

of%ehMhymore  elevated  than  the  reet,  forms 

a  ridge  at  the  end  bounding  a  Circular 

dtpr^ion ;  e.  y.  elliptic.    R 

C.  maraaritifervm  (Menegh.).— Frond 
about  as  long  as  broad,  constriction  deep, 
linear;  segments  reniform  or  senuorbt" 
culoTj  rough  aU  over  with  round  and 
scattered  pearly  aranules ;  e.  y.  eU^iic, 
Sporangium  orbicular,  spinous;  spines 
branched  at  apex.  L.  1-666"  to  1-806" ; 
B.  1-694"  to  1-416".  (I.  l.)=r7rwVi««a 
margaritifera  rTuipin),  Buastrum  mar- 
garitiferum  (£jur..  Nag.),  C  punctulatum 
(ft^.)  P  G.B.,  I.,  F.,  G.,  Italy,  U.S.A., 
Mexico. 

C.  Portumum  (Archer). — ^Frond  about 
one-third  longer  than  broad,  constriction 
deepy  widcy  somewhat  round  below,  isth" 
mus  formina  a  short  neck ;  segments  el^p- 
tie,  rough  all  oyer  with  nnnute  scattered 
pearly  granules ;  e.  y.  elliptic.  L.  1-600" ; 
B.  1-930".     L 

C.  latum  rBp6b,).— Frond  large,  about 
as  brood  as  long,  constriction  deep,  sub- 
linear;  segments  reniform,  rougn  with 
rounded  pearly  granules  arranged  in 
somewhat  curved  transverse  Unes)^,'^*?  F. 
C.  notabUe  (Br^.). — Frond  about  one- 
third  longer  than  broad,  constriction 
iomewhat  deep,  acute ;  segments  slightly 
longer  than  broad,  broadest  at  the  base, 
gradually  narrowing  upwards,  sides  con^ 
vex,  en<b  truncate,  rough  ail  over  with 
bioad  pearly  granules,  giying  a  crenate 
appearance  to  the  margin  (^endochrome 
Ld  Dands) ;  e.  y.  oyal,  tuij^d.  Sporan- 
num  orbicular,  beset  with  numerous 
short  stoat  spines,  inflated  at  the  base, 
and  deeply  diyided  at  the  apex.  F.,  G. 
C.  amaenum  (Br6b.). — Frond  twice  as 


long  as  broad,  sides  par aM,  ends  rounded, 
constriction  deep,  linear;  segments  rough 
with  crowded  obtuse  papiUa-Uke  pe^y 
granules ;  s.  y.  much  compressed,  about 
thrice  as  long  as  broad ;  e.  y.  elliptic. 
L.  1-668" ;  b71-1141".   G.B.,  R,  U.S.A. 

0.  Botrytis  ^Menegh.). — ^IVond  rather 
longer  than  oroad,  constriction  deep, 
linear;  segments  twice  as  broad  as  long, 
broadest  at  base,  narrowing  upwards,  sides 
rather  rounded,  ends  truncate,  rough  aU 
over  with  scattered  rounded  pearly  gra- 
nules ;  e.  y.  broadly  elliptic,  sporangium 
orbicular,  spinous;  spmes  elongate  and 
slightly  diyided  at  the  apex.  L.  1-469" 
to  1-857";  R  1-626"  to  1-419". =J3«<«- 
rocarpeOa  Botrytis  (Bory),  C.  dekoides 
(Corda),  JEuastrum  Botrytis  (Ehr.,  Kg., 
NagO,  -E  angulosum  (Ehr.).  G.R,  I., 
G.,  R,  Italy,  U.S.A. 

C»protractum(S'tif^,  sp.), — ^Frond  about 
as  broad  as  long,  constriction  deep,  linear ; 
segments  twice  as  broad  as  long,  if^lated 
and  broadest  at  the  base,  re^ndly  tapering 
into  a  somewhat  evident  neck,  sides  veru 
concave,  ends  abruptly  truncate,  rough  aU 
oyer  with  scattwed  T^early  CTanulee  ; 
e.  y.  broadly  elliptic,  slightly  inflated  at 
the  middle,  and  ^udually  sloping  to  the 
rounded  ends.  L.  1-66"'  to  1-38"'.  = 
Euastrum  protractum  (J^ag.).     G. 

C.  qemmiferum  (Br^.  in  lit  c.  ic). — 
Frond  in  £  y.  about  as  long  as  broad, 
constriction  deep,  sublinear;  segments 
broadest  at  the  base,  gradually  narrowing 
upwards,  sides  convex,  ends  truncate, 
rough  all  oyer  with  pearly  granules, 
somewhat  arranged  in  radiating  lines, 
each  segment  fiunished  at  the  middle, 
on  both  surfaces,  with  a  rounded  protu- 
berance bordered  with  granules ;  e.  y. 
broadly  elliptic,  with  the  central  trun- 
cate protuberance  on  each  side.    F. 

C.  lypinii  (Br6b.). — ^Frond  about  as 
long  as  broad,  constriction  deep,  linear ; 

Xents  twice  as  broad  as  long,  some- 
triangular,  mtich  inflated  and 
broadly  rounded  at  the  base,  rc^fndly  at^ 
tenuated,  sides  concave^  ends  truncate, 
rough  all  oyer  with  scattered  pearly 
granules,  and  with  a  central  ffranulated 
protuberance ;  e.  y.  narrow-el^tic,  with 
the  central  broad  truncate  protuberance 
on  each  side.  =  HeterocarpMa  Didelta 
(Turpin),  C,  Didelta  (Kg.Y    R,  G. 

C.  biretum  (Br6b.).  — Frond  in  1  y. 
about  as  long  as  broad,  constriction  deep, 
linear;  segments  quadrilateral  or  «tio- 
hexagonal,  narrowest  at  the  base  and 
dilated  upwards,  conyex  or  somewhat 
truncate  at  ends,  rough  all  oyer  with 
small   granules    arranged  somewhat  in 
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lme$ ;  e.  t.  with  a  rounded  lobe  on  ea^ 
side  and  rounded  at  ends.  L.  1-838" ; 
R  1-372".  G.R,  F.  Var.  triquetrum 
(6r^.) :  e.T.  with  three  rounded  angles, 
sidee  deeply  sinuous  1 

C.  Broomei  (Thwaites).  —  Frond  in 
£  y.  about  as  long  as  broad,  constriction 
deej),  linear ;  segments  quadnlateraly  ends 
straight,  angles  rounded,  rough  all  over 
with  minute  granules :  e.  y.  twice  as  long 
as  broad,  slightly  inflated  at  the  middle 
and  rounded  at  the  ends.  Sporangium 
orbicular,  smooth.  L.  1-600" ;  B.  1^40". 
(l7.)    G.B.,  F^U.S.A. 

C.  ealatum  (Kalfe).  —  Frond  in  f.  y. 
about  as  long  as  oroac^  suboibicular,  con- 
striction deep,  linear;  segments  semior- 
biadar,  with  six  broad  crenatures  at  mar~ 
gin,  rough  at  margin  with  scattered 
pearly  granules,  and  at  the  centre  with 
granules  somewhat  concentricaUu  or- 
ranaed;  e.  y.  twice  as  long  as  broad, 
with  a  broad  inflation  at  each  side.  L. 
1-921"  to  1-581 ';  B.  1-1024"  to  1-606". 
(11.26.)    aB.,L,F. 

Comatum  (Ralfe). — Frond  in  £1  y. 
about  as  long  as  broad,  constriction  deep, 
linear;  segments  semiorbicular  or  sub- 
reniform,  with  a  central  truncate  pro- 
jection  at  the  ends  produced  bff  the  con- 
tinuation  of  a  central  u/^iation,  rou^h 
towards  the  margins  and  on  the  it^atum 
with  pearly  granules ;  e.  y .  with  a  rounded 
lobe  on  each  side.  Sporangium  orbicular, 
spinous ;  spines  elongated,  dilated  at  the 
base,  and  slightly  diyided  at  the  extre- 
mity. L.  1-Sl3";  B.  about  the  same. 
G.B.,  R,  U.S.A. 

G.  Sport^la  (Br6b.).— Frond  about  as 
long  as  broad,  constriction  deep,  linear ; 
segments  reniform,  unth  a  central  trtm- 
cote  prqfeetion  at  the  ends,  its  (mgles 
slighug  dilated  and  dentictdate,  Tongh  all 
oyer  with  scattered  pearly  granules.   F. 

0.  Corbula  (Br^b.).  ~  Frond  about  as 
long  as  broad,  consmction  deep,  linear; 
segments  subrenifbrm,  a  central  truncate 
projection  at  the  ends  with  its  angles 
slightly  dilated  and  minut^  denticulate', 
furnished  at  the  centre  of  each  segment 
with  a  circular  protuberance  bordered  with 
granules,  and  rough  thereon  and  towards 
the  margins  with  scattered  peariy  gra- 
nules.   F. 

C.  commissurale(BT6h,). — ^Frond  small, 
in  f.  y.  one-third  broader  than  long ; 
constriction  yery  deep,  rounded;  seg- 
ments narrow^enifonn,  with  a  central 
somewhat  truncate  prqiection,  produced  by 
the  continuation  of  the  central  inflation, 
rough  on  the  it^lation  and  on  the  extre- 
mities with  somewhat  large  pearly  gra^ 


nules ;  e.  y.  three  times  longer  than 
broad,  constricted  between  the  central  m- 
Jlation  and  the  rounded  extremities.  Spo- 
rangium as  in  C  omatum,  L.  1-623'' ; 
R  1-663"  to  1-609".  G.,  R,  F.  /3 
aeutum  (Br^),  angles  shtfper. 

0.  eristatum  (R^).  —  Frond  in  f.  y. 
as  long  as  broad,  orbicular,  constriction 
deep,  linear;  segments  semiorbicular, 
margined  by  a  series  of  obtuse  papSta- 
Uhe  pearly  granules,  and  haying  al  the 
centre  of  each  a  darcular  granulate  uifieh 
tion  I  e.  y.  linear,  truncate  at  ends,  with 
a  slight  central  inflation  at  each  side. 
L.  1-700":  B.  1-663".    GJ5.,  F. 

0.  pluvude  (Br^.  in  lit  c  ic).— Frodi 
about  one-third  longer  tiian  broad ;  con- 
striction a  shallow  wide  notch ;  segments 
subovate,  gradually  tapering,  ends  round- 
ed, or  broadly  rotundato-truncate,  rouj^ 
all  over  wUh  minute  granules ;  e.  y. 
elliptic.    F. 


2*  IVwtd  not  compressed:  central 
striction  rarely  a  deep,  never  a  linear, 
incision,  but  merely  the  result  of  the  form 
of  the  contracted  bases  of  the  segments; 
e,v,  circular,  or,  very  rardy,  compressed, 

t  Frond  rough  with  pearly  granules, 
which  giye  a  denticulate  appearance 
to  the  outline. 

0.  Ck^oopdta  (Br^.  in  lit»  c.  specimine). 
— ^Frona  rather  more  than  twice  as  long 
as  broad;  constriction  a  sluUlow  contract 
tion ;  segments  somewhat  widening  up- 
wards m>m  the  base,  oval,  sides  and  ends 
broadly  rounded,  very  mimUely  granulate, 
granules  scattered;  e.y.  circular.    F. 

C.  cykndricum  (Ral&). — ^Frond  minute^ 
in  fly.,  about  twice  as  long  as  broad; 
segments  subquadrate,  narrower  at  the 
junction  andgraduaUy  widening  upwards, 
ends  truncate,  rough  all  oyer  with  pearly 
granules  somewhat  arranged  m  lines; 
e.  y.  circular.  L.  1-588" ;  R  1-1080". 
(m.  16,  e.y.  17,)  ^Penium  JBa^*(Kg.). 
G.B.,  I.,  F. 

C.  stnolatum  (Nag.  qx). — ^Frond  in  fl  v. 
about  twice  as  long  as  Inroad,  elliptic; 
constriction  a  shauow  rounded  smus; 
segments  with  sides  and  ends  broadly 
rounded^  peariy  granules  arranged  in  Unes 
and  giying  the  margin  a  crenaie  uipear- 
ance,  except  at  the  central  sinus,  trntoft  is 
smooth.  L.  1-16"';  R  1-38'".  «  IV* 
sphinctium  striolatum  (Nag^.     G. 

0.  orbiculatum(Rs}&), — ^Frond  minute, 
in  f.  y.,  twice  as  long  as  broad ;  cimstric- 
tion  deep;  segments  spherical,  rough  aU 
over,  except  at  the  nedc-like  contrac- 
tion, with  pearly  granules ;  e.  y.  circular. 
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Sporang^nm  oibicnlar,  spinouB;  mnes 
shorty  stout,  conical  L.  l498"  to  1-464" ; 
R  1-760".  sPtfimim  arbieulaimn  (Kg.)- 
G  A,  F. 

2 1  Frond  smooth. 

C.  tnomUforme  (Ral&).  —  Frond  mi- 
nute, in  £y.  twice  as  long  as  broad; 
constriction  deep ;  segments  ephenealy 
tmooth',  e.y.  diciilar.  L.  1-617";  B. 
1-1131".  B  Teeearthrcma  momUfarmii 
(Turp.),  Temarthra  momUformU  (£hr.). 
G.R,  1,  F.,  a 

C.  eormatum  (Br^.).  —  Frond  large, 
in  fl  ▼•  about  one-half  longer  than  broM ; 
coiistriction  shallow ;  segmenU  about  two^ 
thirds  of  a  eirde,  coBieelj  punctate,  and 
with  a  distinct,  sometimes  striated,  hor» 
derx  e.v.  ciicnkr.  L.  1-286";  B.  1-1166". 
SB  Ikumhinttium  Meneghinianum  (Nag.). 
O.R,  F.,  U.8.A. 

C.  Cucurbita  (Br^.).  —Frond  in  £  y. 
about  twice  as  long  as  broad ;  constric- 
tion a  shallow  grooye;  segments  tub^ 
cgUndrical,  or  somewhat  otxd,  with 
rounded  ends;  e.  y.  circular;  e.  f.  pune^ 
tote,  ike  punka  scattered,  L.  1-686" ; 
R  1-1166".  ^Pemum  dandestinum  (Eg.). 
G.R,  L,  F.,  G. 

C.  JPalangula  (Br6b.).--Frond  in  f.  y. 
about  two  and  a  half  times  as  long  as 
broad ;  c<Hi8triction  a  shallow  grooye ; 
segments  cylindrical)  ends  obtuse;  e.y. 
ciicular ;  e.  t  minutefy  punctate,  the 
puncta  arranged  in  transverse  lines*    F. 

C.  ?  cruci/erwn  (De  Bary).  —  Frond 
minute,  in  f.  y.  about  twice  as  long  as 
broad ;  constriction  an  extremely  shaUow 
groove;  segments  subcyKndrical ;  ends 
broadly  rounded;  endodtrome  composed 
of  four  broad  plates  cutting  each  other  at 
rigJU  angles ;  e.  y.  circular,  endochrome 
cruciform ;  e.  i.  not  punctate,  L.  1-143"'; 
R  1-287"'.    G. 

C.  Thwaitem  (Ral£i).— Frond  in  f.  y. 
two  or  three  times  longer  than  broad; 
constriction  a  yery  shallow  grooye ;  seg- 
ments subcylindrical,  with  rounded  ends ; 


endoduroms  seattered;  e.  y.  circular,  or 
very  tUghUy  compressed;  e.  t  notpundate, 
or  puncta  yeir  indistinct  L.  1-367"; 
B.  1-801".  tm  JWtfffi  crassiuseulutn  (De 
Bary)P    G.R,  F.,  G.,  U.S.A. 

C,  curtum  (Br^.).  —  Fnmd  in  £  y. 
rather  more  than  twice  as  long  as  broad ; 
constriction  yery  shallow;  segments  at' 
tenuated  and  rounded  at  ends  ;  endochrome 
in  fillets  I  e.  y.  circular,  endochrome  ra- 
diate. L.  1-466" ;  R  1-1064". «  P^nium 
curtum  (Br^b.,  Kg.),  Dysphinctium  Regs' 
Uanum  (Nag.)  P    G.B.,  F.,  G. 

C.  attenuatum  (Br^b.). — ^Frond  in  fl  y. 
fusiform,  three,  or  sometimes  four,  times 
longer  than  broad ;  constriction  yery 
shallow;  segments  conical,  rapidly  at* 
tenuated,  ends  angular,  obtuse ;  e.  y.  cir- 
cular ;  e.  f.  punctate,  L.  1-420" ;  R 
1-1099"  to  1-1068".    G.R,F. 

C.  parvuktm  CBr^h.). — ^Rrond  minute, 
in  fly.  oyato-eUiptic,  about  one  and  a 
half  times  longer  than  broad;  central 
constriction  a  very  shallow  groove ;  seg* 
ments  tapering,  ends  broadh/  rotuttdatO' 
truncate;  e.  f.  notptmctate,    F. 

C.  turgidum  (Brdb.).  —  Frond  yery 
large,  in  £y.  oyal,  turgid  rather  more 
than  twice  as  long  as  broaa ;  constriction 
a  shallow  sinus ;  segments  somewhat 
tapeimg,  broadly  roumled;  e.y.  circular; 
e.  f.  punctate.  L.  1-126";  R  1-249". 
s  lieurotanium  turgidum  (De  Baiy). 
G.R,  F.,  G. 

C.  De  Baryi  (nobiB).  — Frond  in  £  y. 
about  twice  as  long  as  broad ;  constric- 
tion a  wide  shallow  notch ;  s^pments 
cylindrical,  with  broadly  rounded  ends; 
endochrome  arranged  inparieted  indented 
ba99ds;  e.  y.  circular;  e.  f;  minutely  punc- 
tate or  puncta  absent  =  JPIeurottenium 
Cosmarioides  (De  Baiy).    G. 

With  great  deference,  we  place  the 
aboye  species  here,  as  described  by 
M.  de  Bary,  coinciding  with  M.  de  Br6- 
bisson  in  tninking  the  disposition  of  the 
endochrome  not  suffici^tly  constant  to 
form  the  genus  Pleurotsenium. 


C^enns  XAi^THlDIUM  (Ehr.).  —  Frond  deeply  constricted  ;  segments 
broader  than  long,  compressed,  entire,  spinota,  haying  a  circular,  cylindrical 
or  conical  projection  on  both  surfaces  near  the  centre,  which  is  tuberculated  or 
dentate,  or  entire ;  end  yiew  elliptie. 


*  Spines  divided  at  the  apex, 

Xaitthidium  armatum  (Br^.).  — 
Frond  large,  in  f.  y.  twice  as  long  as 
broad ;  constriction  deep,  linear ;  seg- 
ments broadest  at  the  base ;  ends  rounded 
or  somewhat  truncate :  spines  in  pairs, 
prindpaHy  marginal,  short,  stout,  termi- 


nated by  three  or  four  diverging  points ; 
central  projections  cylindrical,  truncate, 
the  boraer  dentate ;  e.  f.  punctate.  "  Spo- 
rangium large,  orbicular,  with  depressed 
tubercles ;  peihaps  immature  "  (Kalfe). 
"  '  180":  B.  1-270".  (i.  27,  28.)  « 
Echinus  (Kg.).    G.B.,  I., 
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X.  (P)  Arti$con  (Ehr.).— Frond  in  £  v. 
about  as  long  as  broad ;  constriction 
forming  a  wide  notch ;  segments  narrowed 
at  the  oase,  with  broadly  rounded  ends; 
spines  numerouSf  restricted  to  the  outer 
margin,  ecattered,  eiongate^  stout,  termi- 
nated by  three  or  four  diverging  points. 
^Attef^inUhiumArctitconyJ^,),    G. 

2*  Spina  subulate, 

X.  aculeatum  (Ehr.).  —  Frond  in  t  v. 
broader  than  long;  constriction  deep, 
linear;  segments  somewhat  reniform; 
spines  miMate,  short,  scattered,  ehiefiy 
marginal ;  central  protuberance  cy&i- 
dri<id,  truncate,  border  ntimttehf  dentate. 
L.  (not  including  spines)  1-380";  B. 
1-1347"  to  1-^".  »  Zuaoxanthmm 
aculeatumCKg.).    G.B.,  L,  R,  Italy,  G. 

X.  Brebissonu  (Ral&).— Frond  ml  v. 
broader  than  long;  constriction  deep, 
acute,  not  linear;  segments  subeilmtic, 
sometimes  irregidar;  spines  subulate, 
geminate,  marginal ;  central  protuberance 
cylindrical,  truncate,  border  nUmdefy 
dentate.  L.  (not  including  spines)  1-416"; 
B.  1-408"  to  1-366".  s  X.  bisenarium 
(£hr.),  Zygoxanthium  aculeatum  (Kg.). 
iS,  segments  broader  and  moro  irregular, 
spines  somewhat  irregnilar  and  unequaL 
G.B.,  L,  F..  G.,  U.S.A. 

X.  fasciculatum  (Ehr.). — ^Prond  about 
as  long  as  broad ;  constriction  deep, 
linear;  segments  somewhat  reniform  or 
subhexagonal,  twice  as  broad  as  long; 
sj^ines  slender,  subulate,  gemmate,  mar~ 
gtnalf  in  four  or  six  pairs;  central  pro- 
tuberance short,  conical,  somewhat  trun- 
cate, a,  segts.  with  four  pairs  of  spines.  \ 
=X  antUopteum  (Br^b.),  X.  polygonum  | 
(Hass.,  Br^D.).  L.  (not  includmg  spines)  i 


1-464"  to  1-360";  B.  432"  to  40B".  ^, 
seffts.  with  six  pairs  of  spines.  ^Xfasd' 
cmatum,  var.  polygonum  (Ehr.),  Jt.  fas- 
deulatum  (Hass.,  Bi^).  L.  1-481"; 
B.  1-616".    G.RJ.,F.,G.,  Italy,  U.&A. 

X.  cridatum  (Br^.).  —  Frond  rather 
longer  Uian  broad;  constriction  deep, 
linear;  oegmeDtasubremform,ortruneaU 
at  ends;  spines  straight  or  aaredy  subu- 
late, marginal,  one  at  eadk  side,  at  the 
base  of  the  seament,  solitary,  the  othen 
aeminate,  in  tour  ^airs;  central  protu- 
berance short,  corneal  o,  segta.  reni- 
form, spines  scarcely  curved.  L.  (not 
includii^  spines)  1-367";  B.  1-4^9". 
(n.  18  &  23. )  fi,  segments  truncate  at 
ends,  raines  uncinate.  L.  1-460"';  K 
1-626".    G.B.,  L,  F.,  U.S.A. 

X.  SmithH  (Archer). — ^Frond  minute, 
in  £  V.  about  as  long  as  broad ;  constric- 
tion ia  wide  notch ;  s^^ments  twice  as 
broad  as  long,  trapmnd,  lower  maigin 
somewhat  convex,  sides  narrowing  up- 
wards and  straight,  ends  broad  and 
straight,  angles  rounded,  each  of  thefoter 
angles  presenting  a  pair  of  sommud 
divergent,  short,  minute,  acute  tpines;  &  v. 
constriction  shallow,  obtuse;  segments 
with  roimded  sides,  ends  truncate,  each 
upper  angle  fumi^ied  with  a  minute  tpme, 
beneath  eaai  of  which,  ahowt  half  way 
doton,  there  occurs  another  similar  spine, 
all  the  spines  somewhat  divergent;  a  v. 
subelliptic,  or  broadly  fusiform,  aub 
blunt,  rounded,  furnished  with  three  mi' 
mute  spines,  none  on  the  sides;  cenfial 
protuberance  a  minute  tubercle,  apparent 
always  in  this  view,  but  in  a.  v.  some- 
times hidden  by  the  projecting  centnl 
spines.    L.  1-1166" ;  B.  1-1272^.    G3. 


Gtonus  AETHR0DESMU8  (Ehr.).— Frond  deeply  constricted ;  8^:mait8 
compressed,  either  with  four  prominent  angles  and  a  single  or  g^ninate  spine, 
or  a  tooth,  at  each  angle,  or  having  one  spine  or  acute  tooth  only,  on  eadi  side, 
at  each  upper  or  outer  extremity ;  without  a  central  projection ;  e.  v.  eU^de 
or  fusiform. 


♦  Segments  with  four  prominent  angles 
and  a  simple  or  geminate  spine,  or  an 
acute  tooth,  at  each  angle, 

Abthbodesmus  octocomis  (Ehr., 
Hass.,  Br^b.).  —  Frond  smootii,  mmute, 
about  as  long  as  broad;  constriction  a 
wide  notch ;  segments  much  compressed, 
trapezoid,  each  angle  terminated  by  one 
or  two  straight,  emulate,  acute  spines,  the 
intervals  oetween  the  angles  concave. 
a,  spine  Rolitary  at  each  angle.  L. 
1-1351";  B.  1-1538".    (i,  30.)    jS  larger. 


spines  geminate  at  each  anide.  L. 
1-1020";  B.  1-906".  (i.  29.)  =  Jficm- 
sterias  octocomis  (Menegh.,  Kg.),  Xan- 
thidium  octocome  (Ehr.,  Kal&).  G.&, 
I.,F.,G.,Italy,U.S.A. 

A.  bifidus  (Br6b.).  —  Frond  smootfa, 
very  minute,  about  as  broad  as  long: 
segments  somewhat  arcuate,  inner  margin 
convex,  outer  concave,  extremities  diver- 
^nt,  emarginate,  each  angle  terminatiiig 
m  an  acute  tooth ;  e.  v.  compressed,  fusi- 
form, with  a  short  acute  spme  or  tooth 
at  each  end.    F. 
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2*  Segments  with  a  tingU  acute  tooth  or 
tpine  at  eacn  side. 

A.  minutua  (Kg.). — Frond  very  mi- 
nute, smooth,  two  or  three  timee  longer 
than  broad ;  constriction  a  minute  acute 
notch ;  segments  narrow,  lateral  margins 
paraOeiy  ends  roundly  concaye,  anfi^les 
slightly  produced  into  minute  spmes 
directed  upwards.    R,  G. 

A.  Pittacium  (Br6b.  sp.). — ^Frond  mi- 
nute, smooth,  two  or  three  times  longer 
than  broad ;  constriction  a  minute  acute 
notch ;  se^ents  very  aUghUy  ia^Med  at 
the  hose,  tides  curved,  end  margin  roundly 
concaTe,  angles  acute.  =  Euastrum  Pit- 
tacium  (Br^b.).    F. 

A.  Incus  (Hass.).  —  Frond  minute, 
smooth,  as  lone;  as  or  longer  than  broad ; 
constriction  a  deep  notch  or  sinus ;  seg- 
ments with  mner  margin  turgid,  outer 
truncate,  spines  subulate,  acute.  Sporan- 


gium orbicular,  spinous ;  spines  subulate. 
&.B.,  I.,  F.,  G.,  U.S.A.  a,  segments 
somewhat  semiorbicular,  connected  by 
a  distinct  neck,  spines  diyerginir.  L. 
1-1100"  to  1-1660";  B.  I-IGCO''  to 
1-1420".  fi,  segments  gibbous  near  the 
base,  spines  parallel  or  conyerging.  (m. 
36.^    L  1-833"  J  B.  1-1116". 

A.  subulaius  (Eg.). — Frond  minute, 
smooth,  about  as  long  as  broad;  con- 
striction a  wide  acute-angled  notch ; 
segments  broadly  fusiform,  spines  hori- 
zontal, straight,  slender,  subulate;  ends 
convex,    G.,  U.S.A. 

A.  convergent  (Ehr.). — ^Frond  smooth, 
broader  than  long;  constriction  deep, 
acute ;  se^ents  elliptic,  each  having  its 
lateral  sptttes  curved  totcards  those  qf  the 
other :  ends  convex,  L.  1-1539"  to  1-598" ; 
B.  1-1477"  to  1-584". =5teMr(«^m  con^ 
vergens  (Menegh.),  JEuastrum  convergens 
(Niig.).    G.B.,  I.,  F.,  G.,  U.S.A. 


Gentis  STAURA^TRUM  (Meyen).— Frond  more  or  less  deeply  constricted 
at  the  middle ;  segments  broader  than  long,  often  provided  with  spines  or 
procoeses;  end  view  angtdar  or  radiate,  or  circular  with  a  hbato-radiate 
margin,  or  very  rarely  compressed  with  a  process  at  each  extremity. 


♦  Sefrments  inf,  v,  with  each  of  the  oppo- 
site lateral  extremities  furmshed  with  a 
muero  or  a  simple  subulate  acute  awn 
or  spine,  which  in  e,  v,  terminates  the 
angleSf  and  without  others  intermediate, 

t  Segments  smooth,  angles  in  e.  v. 
inflated,  sides  concave. 

Staubastbuk  defectum  ^r6b.). — Seff- 
ments  in  f.  v.  lunate  or  dUptic,  smootn, 
mucrones  or  awns  directed  upwards,  pa- 
rallel or  convergent ;  e.  v.  with  three  or 
four  angles,  angles  infkUed,  mammiUate, 
terminated  by  a  mucro  or  awn,  sides 
concave  at  the  centre.  Sporangium  or- 
bicular, At  first  covered  witn  minute  hair- 
like spines,  afterwards  beset  with  stout 
subulate  spines,  and  placed  between  the 
deciduous  empty  fronds.  L.  1-833" ;  B. 
1-7  bT'.^QomocysHs  (Trigonocystis)  mu- 
cronata  (Hass.).  a,  segments  externally 
lunate,  awns  directed  outwards ;  0,  seg- 
ments elliptic,  awns  parallel ;  y,  awns 
converging.    G.B»  I.,  F.,  U.S.A. 

S.  (^iculatum  (Br^b.). — Segments  in 
f.  V.  somewhat  turbinate,  smooth,  oppo- 
site lateral  extremities  rounded,  external 
margin  straight,  furnished  at  each  side  on 
the  tq>per  outer  margin  near  the  lateral 
extremities  with  a  simple,  short,  subulate, 
acute  spine  directed  upwards ;  e.  v.  with 
three  angles,  angles  inflated,  mammillate, 
terminated  by  a  short  acute  spine,  sides 


concave.  Sporangium  orbicular  beset 
with  conical  spines,  enlarged  at  the  base 
and  obtuse  at  the  apex.    F. 

8.  Dickiei  (Ralfs). — Segments  in  f.  v. 
subelliptic,  turgid,  smooth ;  spines  short, 
curved,  acute,  converging  with  those  of 
the  opposite  segment;  e.  v.  with  three 
angles,  angles  tW/To^,  rounded,  termi- 
nated by  a  spine,  sides  concave  at  the 
centre.  L.  1-855" ;  B.  1-929".  G.B.,I.,F. 

S.  brevispina  (Br^b.). — Segments  in  f.  v. 
elliptic  or  somewhat  reniform,  very  tur- 
gid, smooth ;  mucrones  minute,  inconspi- 
cuous; e.  V.  with  three  angles,  angles 
inflated,  broadly  roimded,  terminated  by 
an  inconspicuous  mucro,  sides  concave  at 
the  centre.  L.  1-502";  B.  1-510".  G.B., 
I.,  F. 

S.  cuspidatum  (Br^b.). — Segments  in 
f.  V.  fusiform,  or  truncate  on  outer  mar- 
gin, connected  by  a  long  narrow  band, 
smooth ;  awns  subulate,  straight,  acute, 
parallel  or  somewhat  converging;  e.  v. 
with  three  or  four  angles,  angles  inflated, 
mammiUate,  terminated  by  an  awn,  sides 
concave  at  the  centre.  Sporangium  or- 
bicular, covered  all  over  by  the  enlarged 
bases  of  the  few  spines,  which  are  ulti- 
mately much  attenuated  and  acute.  L. 
1-883";  B.  1-1000".  (i.  31-34.)  =:P%c- 
astrum  cuspidatum  (Kg')t  P-  i^nulosum 
(Niig.).    G.R,L,F.,(?.,  Italy. 

S.  aridifemm  (Ralfs).  —  Segments 
3  Ji 
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smooth,  in  t  v.  prolonged  at  each  lateral 
txtrermty  inUo  a  mammiliate  mu^'eeiionf 
which  is  terminftted  by  a  subulate,  acute, 
straight  awn,  the  awns  divergent;  e,  v. 
with  three  or  four  angles ;  angles  inflated, 
mammillate,  terminated  by  an  awn,  sides 
deeply  concave  at  the  centre.  L.  1-667" 5 
B.  1-1064".    G.B.,  R,  U.S.A. 

2 1  Segments  smooth,  angles  in  e.  v.  not 
inflated,  sides  straight,  or  nearly  sa 
S.  O'Meam  (ArcherV  —  Segments 
smooth,  in  f.  t.  somewhat  cuneiform, 
gradually  ujiderdng  upwards,  outer  mar^ 
truncate,  awns  acute,  divergent ;  e.  v.  with 
three  or  four  acute  angles  terminated  by 
an  awn,  sides  straight.  Sporangium  orbi- 
cular, spinous;  spines  subulate,  acute, 
ultimately  somewnat  inflated  at  the  base. 
d,  e.  V.  with  four  angles,  awns  compa- 
ratively short  L.  1-1866";  B.1-26(X)". 
3,  e.  V.  with  three  angles,  awns  longer. 
L.  1-1750";  B.  l-2300\    L 

S.  minus  (Kg.).  —  Segments  smooth, 
very  mitvute,  m  e.  v.  Yriihjwe  angles,  each 
terminated  by  a  very  minute  acute  spine ; 
sides  straight    Q. 

S.glabrum  (Kg.).— Segments  smooth, 
in  f.  V.  cuneate,  ends  concave  or  straight^ 
spines  slender,  mucro-like ;  e.  v.  with  three 
mucronate  angles,  sides  concave,    L,  G. 

St  Segments  rou^h  with  minute 
granmes. 

S.  bmatum  (Ralfe). — Segments  in  £  v. 
externally  hmate,  the  inner  margins  con- 
vex, the  outer  somewhat  truncate,  and 
rough  with  minute  granules;  spines  subu- 
late, acute,  curved,  obliquely  directed  out- 
wards and  upwards:  e.  v.  with  three  in- 
flated roimded  angles,  terminated  by  a 
spine,  sides  concave  at  the  centre.  L. 
1-866";  B.  1-686".    G.B. 

8,aranulosum  (Ralfs). — Segments  in 
£  V.  broadly  fusiform,  granulate,  lateral 
extremities  pointed,  mucronate;  e.  v.  with 
three  subacute  mucronate  angles,  sides 
eonvGx.  ^Desmidiumgramdosum  (Ehr.), 
8.  acutum  (Br^b.).    F.,  G. 

2  ♦  Segments  inf  v,  with  each  of  the  op- 
posite lateral  extremities  Jurmshed  with 
a  mucro  or  a  simple  subtdate  spine, 
which  in  end  view  tmninates  the  angles, 
and  is  accompanied  by  others  interme- 
diate of  a  similar  character, 

S.  pungens  (Br^b.). — Se^ents  in  f.  y. 
externally  lunate,  the  mner  marnn 
curved,  me  outer  truncate,  smooth ;  me 
lateral  marginal  spines  suoidate,  curved, 
directed  obhquely  outwards  and  i^ncards, 


with  six  other  spines  on  the  outer  margin, 
also  directed  outwwrds ;  e.  v.  with  three 
angles,  each  terminated  by  a  spine,  and 
with  two  others  at  its  base  on  the  upper 
swfaee,  a$%d  dioeraent  at  opposite  sides, 
sidfes  nearly  straight  or  slightly  conTex. 
G.B.,  F.,  U.S.A. 

S.  eristiOum  (Nag.  sp,). — Segments  in 
t  y.  broadly  elhptic,  inner  mai^gin  some- 
what more  turgid  than  the  outer,  suh- 
mammillate  at  each  side,  terminated  by  a 
imMTo  or  «Aor<  9>m€>  and  possessing  <m  the 
outer  margin  a  few  others  directed  Unoards 
tihe  angles:  e.v.  with  three  subacute  mu- 
cronate angles ;  sides  convex,  with  an  ia- 
wardly  curved,  submargmal,  smgle  series 
of  short  mucro-Uke  spines  directed  to- 
wards the  angles,  sometimes  wanting 
near  the  middle.  L.  1-640" ;  R  1-645". 
a:  Phycastrtim  (Backyactinmm)  cristatum 
(Naff.),  Staurastrum  nitidum  (Archer). 

3*  Segments  with  each  of  the  opponte 

lateral  extremities  fumiAed  with  a  bifid 

or  forked  spine.  Us  subdivisions  tubulate, 

acute,  in  e,  V,  terminating  the  angles, 

and  appearing  as  a  mucro-Uke  spine, 

with  or  without  intermediate  spines. 

S.  Avicuia  (Br^.). — Segmects  in  £  v. 

triangular   or    cuneate,    ends   tnaicate, 

smooth,  with  a  single  forked  ntme  on 

eachside;  e.  v.  with  three  inflated  angles, 

the  bifid  spine  appearing  as  a  muero,  sides 

concave.  L.  1-967" ;  B.  1-948".  (m^lS, 

e.v.  19.)    G.B.,F. 

S.  denticulatum  (Nag.  sp.). — Segments 
in  f.  V.  subelliptie,  inner  margin  some- 
what more  tmgid  than  the  outer,  both 
imc^u^bto  or  tosme^  in  a  scolloped  manner, 
with   an  unequally  forked  or  geminate 

r'  e  on  each  side,  the  upper  longer  than 
lower,  the  lateral  projections  hamng  s 
series  of  transverse  rows  of  nmmte  gror 
nules ;  e.  v.  with  three  stdtaeute  angles, 
the  spine  appearing  as  a  mucro,  sides 
slightly  concave  at  the  centre,  the  «iHir- 
gifi  toothed  as  m^itioned  before.  ''L. 
1-70"';  thickness  1-66'":' ^I^yeattrum 
denticulatum  (NagA    G. 

S.  armiferum  (Br^). — Segmaitts  in 
t  y.  turgid  on  inner  nuirgin,  outer  trun- 
cate, smooth,  with  a  forlced  spme  on  sack 
side,  andafew  simple  or  forked,  sometimes 
minute,  spmes  disposed  at  efual  intemtis 
between,  on  the  outer  margm ;  e.  v.  with 
three  angles,  the  bifid  spine  mpeaiin^  as 
a  mucro,  and  the  intermediate  qunet 
projecting  on  each  side.  Sporangium  or- 
oicular,  spines  numerous,  elongate,  sub- 
linear,  foned  at  the  apex.ssS. 
(Ralfe).    G.R,  I.,F. 
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S.  monHctiloimn  (Br^b.).  —  Segiiients 
in  £  V.  broadly  elliptic,  smooth,  with  a 
forked  spine  on  each  side,  and  at  the  end 
six  aiout  conical  projections  directed  up^ 
wards,  each  termmated  by  an  acute  spifte; 
e.  Y.  with  three  or  four  acute  angles,  sides 
concave^  the  terminal  projections  extend^ 
ing  on  each  side,  confluent  at  their  bases, 
from  beneath  which  a  minute^  subulate, 
tpine-Uke  projection  arises  between  them 
and  each  angle.  L.  1-600"  j  B.  1-700". 
= Stephanoxanthium  monticulosum  (Kg.). 
G.R,  L,  F. 

S.  JEkrenbergianum, — ^The  longitudinal 
outline  of  the  segments  obliquely  oval^ 
&e  inner  margin  convex,  diverging,  the 
outer  margin  very  convex  and  broadly 
truncate  at  the  ends ;  the  sides  in  e.  v. 
slightly  undulate,  membrane  smooth^ 
having  at  each  anffle  a  laige  spine,  di- 
vided to  the  mid£e,  consisting  of  two 
k^  and  on  the  tenninal  surfieu^  three 
pans  of  such  spines,  and  between  each 
of  them  and  the  angles  a  pair  of  smaller 
BimpleT  spines,  s  Phycastrum  Ehrenber- 
pianum  (Sas.).  "L.  1-66'"  j  thickness 
1-70"'.''  We  have  not  seen  a  drawing 
of  the  above  species,  and  give  the  above 
deeciintion  following  as  nearly  as  pos- 
sible Kageli's  own  words,  inserting  it 
here  as  most  probably  its  most  fitting 
place. 

4*  Segments  toith  numerous  simple  acute 
spines,  in  f,v,no  one  in  particular  ter» 
nunating  the  opposite  lateral  extremities: 
e,  r.  angles  entire,  rounded,  the  spines 
ecaUered, 

S.  htrsutum  (Br^.). — Segments  in  f.  v. 
semiorbicular,  seoarated  by  a  linear  con* 
strieUon,  covered  with  very  minute,  very 
numerous,  close^set  hair-^Uie  spines;  e.  v. 
with  three  broadly  rounded  angles,  the 
spines  evenly  and  numerously  scattered ; 
sidea  slightly  convex.  Sfmranffium  or- 
bicular, beset  with  short  spines,  branched 
at  the  apex.  L.  1-676"  to  1-468";  B. 
1-833"  to  l-eSO'^^Xanihidiumhirsutum 
(Ehr.,  Kg.),  Gomoeystis  (Trigonocystis) 
muHcata  (Bim,).    G.B.,  I.,  R,  U.S.A. 

S.  pHosum  (Nag.  sp.). — Segments  in 
fl  T.  Miqueiy  dUptic,  slightljr  divergent, 
the  outer  mar^  more  turgid  than  the 
iimer;  6.v.  with  three  rounded  angles, 
sides  concave ;  scattraed  all  over,  except  a 
small  space  at  the  centre,  with  extremely 
fine  hasr-Uke  sjpines,  minutely  capitate  at 
their  extremities:  sur&ce  between  the 
spines  smooth.  '*  L.  1-55"' :  thickness 
l-Wy  Fhyca9tirumpilosum()!^i%,),   M. 


de  Br^bisson  is  disposed  to  doubt  the 
accuracy  of  Nageli*s  drawing  (JSinsell. 
Alg.  8  A.  fi^.  4),  the  spines  are  indeed 
so  very  cunous. 

S.  Jardfissonii  (nobis). — Segments  in 
flv.  ovato4anceciate,  the  lateral  extre- 
mities rounded  and  furnished  thereon 
with  numerous  short,  dose-set,  hair-like 
wines,  otherwise  smooth ;  e.  v.  with  three 
broadly  rounded  angles,  the  spines  con- 
fined to  the  extremities,  sides  concave.  = 
S.pilosum  (Br6b.\  F.  We  are  obliged 
to  alter  the  specinc  name  of  this  species, 
—pilosum  having  been  employed  by  Na- 
geli  before  for  the  preceding  species. 

S.  erosum  (Br6b). — Segments  in  £  v. 
elliptic,  the  li^ral  extremities  furnished 
with  numerous  extremely  short  acute 
mines,  sometimes  inconspicuous,  sur- 
lace  oranulated  all  over;  e.  v.  with  three 
broadly  rounded  angles,  the  spines  con- 
fined to  the  angles,  sides  concave.    F, 

S.  echinatum  (Br^.).  —  St^ments  in 
£  y.  elliptic,  fimiishea  with  mtmerous 
spines,  somewhat  broad  at  their  base,  ex- 
ceedingly acute,  chiefly  coffined  to  the  outer 
margin;  e.v.  with  three  angles;  angles 
and  sides  broadly  rounded/ior<ferca  atf 
round  by  the  spines,    F. 

S.  tehfemm  (Ralft).— Segments  in  £  v. 
elliptic  or  subren^orm,  fbrnished  with  a 
few  scattered,  elongate,  subulate,  acute 
spines ;  e.  v.  with  three  broadlv  rounded 
angles,  the  spines  scattered,  chiefly  con* 
fined  to  the  extremities,  surface  between 
the  spines  smooth,  sides  concave.  Spo- 
rangium orbicular,  beset  with  numerous 
elongate  linear  spines,  forked  at  the  apex. 
L.  1-607':;  B.  1-643".  (m.  20,  e.  v.  21.) 
G.R,I.,F. 

S.  Hystrix  (Ral6).  —  Segments  in 
£  V.  subquadnxte,  extremities  somewhat 
rounded,  end  margin  nearly  straight,  fur- 
nished with  a  few  scattered,  subulate, 
acute  spines,  cl^efiy  confined  to  the  late- 
ral extremities;  e.  v.  with  three  or  four 
broadly  rounded  angles,  the  spines  scat- 
tered, chiefly  confined  to  the  extremities, 
sides  concave.  L.  1-1075"  to  1-1020" ; 
B.  1-1165"  to  1-954".    G.R 

5  *  Segments  wUh  numerous  short,  trun- 
cate, emarginate,  scattered  spines,  prin- 
c^HiUy  coffined  to  the  margins:  e.v, 
anales  rounded:  if  angles  spinous,  no 
spine  in  particular  conspicuously  larger 
than  the  others  terminating  the  angles. 

S.  spongiosum  (Br^b.). — Segments  in 
£v.  semiorbicular,  furnished  with  scat- 
tered   short,   stout,   forked   spines,    the 
spines  at  the  lower  oasal  angne  of  each 
3b1 
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rather  larger  than  the  others ;  e.v.  wiA 
three  somewhat  rounded  angles,  sides 
convex,  and  bordered  all  round  with  the 
spines,  L.  1-506"  to  1-418" ;  B.  1-523" 
to  1-476".  (ni.22,e.v.23.)=i>ewml*MW 
ramosum  (Ehr.),  Asteroxanthium  ramo- 
sum  (Kfr.),  Phycastrum  OriffithsicMum 
(Nag.).    G.B.,I.,F,a,U.CA. 

S.  seahrum  (Br^.).— Segments  m  f.v. 
suhelliptic  or  broadly  fusiform,  very 
rough  or  denticulate  at  the  margin ;  e.v. 
with  three  rounded  denticulate  angles, 
sides  straight,  bordered  by  minute,  short, 
truncate  emarginate  spines.    F. 

S.  asperum  (Bi^.).— Segments  m  f.v, 
broadly  elliptic,  very  rough,  with  very 
minute,  short,  truncate  or  forked  spines 
chiefly  confined  to  the  outer  marpn; 
e.v.  with  three  rounded  angles,  sides 
straight.  Sporangium  orbicular,  beset 
with*  numerous  elongate  spines,  twice 
branched  at  the  apex.  L.  1-555";  R 
1-615".    G.B.,I.,F. 

6  •  Segments  without  spines ,  e,v.  angles 
rounded. 

t  Frond  smooth. 

S.  nudicum  (Br^.).-— Segments  in  f.v. 
elliptic,  smooth,  without  spines ;  e.v.  with 
three  or  four  broadly  rounded  angles,  sides 
concave.  Sporangium  beset  with  nume- 
rous elongate  somewhat  stout  spines, 
forked  at  the  apex.  L.  1-674";  R 
1-686". =<Sf.  trilobum  (Menegh.),  PAyc- 
astrum  muticum  (Kg.),  P.  d^essum 
(Nflg.).    G.B.,  I.,  F.,  Italy,  U.S.A. 

S.  orhiculare  (Ralfe).  —  Segments  in 
t  V.  semiorbicular^  smooth,  without 
spines ;  e.  v.  with  three  broadly  rounded 
angles,  sides  slightly  concave.  L. 
1-1037" ;  B.  lAlOQ". ^Besmidium  orbi- 
cidare  (Ehr.),  Phycastrum  orbiculare 
(Kg.).  Uoniocystis  (Trigonocystis)  orbi- 
cularis (Hass.).  G.R,  I.,  F.,  G.,  Italy, 
U.S.A. 

S.  coarctatum  (Br^.).— -Segments  ob- 
long, lateral  extremities  rounded,  inner 
margin  convex,  outer  somewhat  concave  at 
the  centre  (inverselv  reniform),  smooth ; 
e.v.  with  three  imated  rounded  angles, 
aides  concave.    R 

S.  pygmaum  (Br^b.). — Segments  in  f.  v. 
cuneiform,  outer  margin  slightly  convex, 
smooth;  e.v.  with  three  hhmt  angles, 
^dies  sUaMy  convex.  Sporangium  orbi- 
cular, "beset with  protuberances  bearing 
each  two  bifurcate  spines  at  their  sum- 
mits."   F.,  a 

2t  Segments  having  the  projecting  por- 
tions surrounded  by  annidar  transverse 


lines  (rows  of  pnncta  or  miniite  gra- 
nules P). 

S.  stridatum  (Nag.  8p.).~Segn^nU 
in  f.  V.  reniform,  divergent,  ends  eonearr, 
each  of  the  lateral  portions  crogmd  Ui 
ahotU  Jive  transverse  lines  (annular  pow^ 
of  closely  set  puncta  or  minute  gra- 
nules?); e.v.  with  three  rounded  an^es 
sides  concave,  each  of  the  ppojecooo^ 
crossed  as  before  by  about  ^ve  transven* 
lines,  the  central  portion  smooth-  L. 
1-100".  =  Phycastrum  striolatum  (Nag.)- 
G. 

3t  Fronds  rough  superficially  with  scat- 
tered granules.  (Sometimes  &  in- 
come might  be  thought  almost  to  coom 
in  here ;  but  the  extremities  in  that 
species  are  more  prolonged  into  di- 
stinct processes,  usually  colonite**, 
and  mostly  divided  at  the  apex.  Here, 
also,  might  S.  asperum  and  &  gt^rum 
seem  to  fall  in ;  but  they  are  piovwied 
with  very  short  and  truncate  spines  on 
some  part  of  their  margin.) 

S.  muricatum  (Br^.). — Segments  sai- 
elliptic,  the  outer  margin  more  turpd 
than  the  inner,  rough  all  over  with 
scattered  conic  granules;  e.v.  with  tlnw 
angles,  both  angles  and  sides  broadbf 
rounded.  L.  1-&0";  R  1-474''.=2>«k 
midium  {qncuhsum  ^<hr.),  Xantkidimm 
deUoideum  (Corda),  Fhycakrum  t^^tado- 
sum  C^')y  P.  muricatum  (Kg.),  Gomo- 
eystis  (Tngonocystis)  muricata,  ^  (Hass.). 
aB.,F.,G..  Italy. 

S.  vun4^ulatum  (Br^).— Segnoits  ia 
f.v.  eilydic,  equal,  rough  with  scaltend 
puncta-Uke  granules]  e,v.  with  three 
broadly  rounded  angles,  mdes  ameert. 
L.  1-704" ;  B.  1-881".    G  R,  I^  F. 

S.  rugulosum  (Br^). — Segments  ia 
£v.  broadly  el^riie,  e^ual,  rom^  mih 
scattered  granules,  giving  a  denOetddf 
appearance  to  the  margm^  e^^eciaMy  at 
Uie  opposite  lateral  extremUies ;  e.v.  with 
three  oroadly  rounded  dentjeulate  angles, 
sides  straigM  or  nearly  so.     F. 

S.  pHematum  (Br66.). — Segments  in 
f.v.  quadrate,  the  basal  angles  romtded 
and  rough  with  minute  pramdeSf  sida 
with  a  broad  shallow  mtcsy  the  upper 
maigin  terminating  in  three  eontpiemm, 
large,  rounded,  conical,  very  tS^diy  S- 
vergent  prqjedwns,  which  aro  rough  witii 
minute  granules  ^  e.  y.  with  three  rounded 
an^es,  sides  entire.    F. 

8.  Ctmituhim  (Br^b.). — Segmeots  in 
f.v.  quadrate,  sides  with  a  rounded  asot 
at  the  middle,  the  basal  and  mpfex  aagifa 
crenated,  rounded,  igoyier  imvytn  stra^ ; 
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e.v.  with  three  broadly  rounded  creniited 
an^es,  sides  nearly  straight,  each  with  a 
-slight  shaliaw  depression  or  eawtricium  at 
thetmddle.     F. 

S.  aUertums  (Br6b.). — Segments  in  f.T. 
eB^ic  or  oblonff,  two  or  three  times 
as  broad  as  long,  separated  by  a  wide 
sinus,  twisted,  tmt^jttat;  rough  with  very 
minute  pearly  granules ;  e.v.  with  three 
obtuse  and  rounded  an^es,  forming  short 
not  colourless  rays,  alternating  with 
those  of  the  other  segment,  sides  con- 
cave. L.  1-1037" ;  R 1-1106".  (11.16,17.) 
=  GomoeysHs  (IViffonocystis)  hexaceros 

Hass.),  8,dispar  (Br^.)?     G.B.,  I., 

\,  U.S.A. 
S.  dUatatum  (Ehr.V  —  Segments  in 
f.  V.  fusiformj  their  lateral  extremities 
obtuse,  equal,  rough  with  puncta-like 
pearly  granules;  e.v.  with  rour  rotun^ 
dato-tnmeate  angles,  forming  short, 
broad,  not  colourless  rays,  sides  concave. 
I^  1-1201";  R 1-1881". =i%y«i«^mcft- 
kOatum  CKg,)y  Ooniocystis  {Staurastrum) 
tOatata  (Hass.).  G.R,  I.,  R,  G.,  Italy, 
U.8.A. 

S.  erenaium  (Bailey). — Segments  in 
tv,  fan-shaped  in  outline^  separated  by  a 
teuie  rounded  sinusy  inner  margin  concave, 
smooth,  outer  semicircular,  crenate ;  e.v. 
with  three  rotundato-truncate  crenate 
angles,  sides  concave,  smooth.    U.S.A. 

7*  Segments  with  or  without  spines;  in 
f,  V,  with  spines  (if  any)  few  and  scat- 
tered: m  e,  t?.  angles  emarginate  or 
bifid,  or  truncate  and  the  extremities 
plane  and  quadrangular, 

S.  b^idum  (Ralfe).— Segments  in  f.v. 
.  .  .  .  ;  in  e.v.  with  three  acutely  bifid  or 
eniarginate  angles,  the  teeth  acute ;  sides 
concave.  =  Destnidium  bifidum  (Ehr.), 
Phycastrum  bifidum  (Kg.),  nee  Gronio- 
cystis(S.)bifi^(RBa8.).    R,  G. 

S.  quadrangulare  (Br^.). — Segments 
in  £v.  subquadrate,  with  a  few  short 
bifid  or  tootn-Uke  spines  spreading  later  ally, 
otherwise  smooth ;  e.v.  with  foiu:  trun- 
cate  and  emargmate  angles ;  sides  concave. 
L.  1-1157";  R 1-1163".  (m.  24,  e.v.  25.) 
/3,  angles  in  e.v.  broader,  with  four  teeth 
at  the  extremity,  and  two  mimUe  teeth  on 
t^per  side  (BT6h.).    Q.B.,F. 

S.  Cerberus  (Bailey). — Segments  in  f.v. 
truncato-oblong,  smooth;  the  opposite 
lateral  extremities  abruptly  truncate,  ex- 
ternally plane  and  quadrangular,  the  an- 
gles drawn  out  into  acute  s^ne-like  ex- 
tensions or  teeth,  two  projecting  upwards 
and  two  downwards ;  e.v.  with  three 
abmptly  truncate  angles,  extremities  as 


in  f.  V.  plane  and  quadrangular,  the  teeth 
at  the  angles  divergent     U.S.A. 

8*  Segments  without  spines:  in  f.v.  and 
e.v.  the  angles  termmated  by  either  a 
conspicuous  rounded  nipple-Wee  projec- 
tion, or  an  enlarged  rounded  knob,  or 
an  elongate  capit€ite  process. 

S.  tumidum  (Br^.). — Segments  in  f.v 
eUiftic,  turgid,  smooth;  their  margin 
striated,  and  their  opposite  lateral  ex- 
tremities furnished  with  a  rounded  con- 
spicuous nipple-Uke  projection ;  e.v.  with 
three  or  four  angles,  the  nipple-like  pro- 
jection terminating  the  angles,  sides 
convex ;  e.  £  punctate ;  gelatinous  in- 
vestment very  evident  L.  1-200" :  B. 
1-250".  =  *S'.  orbicularc  (Menegh.),  Phyc- 
astrum tumidum  (Kg.).     G.R,  I.,  F. 

S.  globulatum  (Breb.).  —  Segments  in 
f.v.  fusiform,  capitate',  e.v.  with  three 
angles,  each  enlarged  into  a  roimded 
granulated  knob,  sides  nearly  straight 
(m.26,e.v.270   R 

S.  baciUare  (Br6b.). — Segments  in  f.v. 
somewhat  arcuate,  eachdivergent  from  the 
opposite  segment,  somewhat  attenuated, 
finally  capitate,  smooth;  e.v.  with  from 
three  to  five  capitate  TKys.=Phycastrttm 
baciUare  (Kg.).    R 

9*  Segments  in  f.v,  with  the  opposite 
lateral  extremities  each  tapering  into  a 
single  more  or  less  elongate  colourless 
process  divided  at  the  apex,  which  in 
e,  V,  terminates  the  angles,  with  or  with- 
out intermediate  simple  or  truncate 
spines. 

t  Segments  smooth. 
S.  brachiatum  (RalfSs). — Semnents  in 
f.v.  sfnooth,  narrow  below,  widening  up- 
wards, ends  truncate,  the  lateral  extre- 
mities each  produced  into  a  smooth,  elon- 
gate, straight,  tapering,  divergent  process, 
bifid  or  trifid  at  the  apex ;  e.v.  tri-  or 
quadriradiate,  sides  concave.  L.  1-1111"; 
R  1-1785".  =  Ooniocystis  (S.)  bifida 
(n^sa.),  Phycastrum  Ealfsii (Kg.).  G.B., 
t.,R,G. 

2t  Segments  rough  T»\dth  superficial 
granules,  those  on  the  processes  ar- 
ranged in  transverse  lines.  (S.  poly- 
morphum  has  sometimes  a  few  incon- 
spicuous scattered  spines.) 

S.  tricome  (Br^b.). — Segments  in  f  v. 
somewhat  fusiform,  often  twisted,  rough 
with  minute  puncta-like  granules,  taper- 
ing at  each  side  into  a  sbort  usually  co- 
lourless process,  bluntj  or  divided  at  the 
apex ;  e.v.  tri-  or  quadriradiate,  processes 
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shorty  usually  colourless,  sides  somewhat 
concsTe.  Sporangium  orbicular,  beset 
with  spines  ultimately  branched  at  the 
apex.  L.  1-1276"  to  1-972" ;  B.  1-948" 
to  1-097".  sDesmidium  hexaceros  (Ehr.). 
Ifiyccutrum  tricame  (Kg.),  P.  irihbittum 
(Kg.)  P  P.  hexaceros  (Ka.)  P,  P.  Balfm 
(Nag.),  P.  cremtkOum  UH'ig,  in  part). 
G.B.,  L,  R,  a,  U.S.A. 

S.  eyrtocerum  (Br^.\ — Segments  in 
f.  y.  tubcuneaUj  gradually  widening  up- 
wards, truncate  at  the  end  margm, 
rough  with  minute  granules,  the  lateral 
processes  incurvedf  £yided  at  the  c^x ; 
e.y.  triradiate,  processes  short,  curyed, 
sides  slightly  concaye.  L.  l-SOCT:  B. 
1-500". =i%yca»<n«m  eyrtocerum  (Kg.)« 
G.B.,I.,R,U.S.A. 

S.  inflexum  (Br^.). — Segments  in  fly. 
broadly  elliptic^  inner  and  outer  marain 
turgid,  rough  with  minute  granules, 
lateral  processes  ineurved^  short,  diyided 
at  the  apex;  e.y.  tri-  or  quadiiradiate, 
processes  short,  sides  concaye.    R 

8.  brachycerum  (Br^b.). — Sep^ments  in 
fly.  ovato-km€Ue,  inner  maram  turgid, 
outer  equaUy  rounded,  rough  aU  oyer  with 
minute  granules^  and  on  the  outer  mar^ 
gin  very  rough  with  minute,  acute,  shorty 
almost  spine-like  granules ;  lateral  pro- 
cesses incuryed,  cUyided  at  the  apex; 
e.  y.  triradiate,  processes  short,  straight, 
sides  somewhat  concaye.     F. 

S.  polymorphum  (Br^b.).  —  Sennents 
in  f.y.  broadly  elliptu;  or  ahwtt  circular, 
rough  with  minute  granules  (sometimes 
with  a  few  minute  scattered  spines), 
processes  short,  stout,  tipped  by  three  or 
four  divergent  spines:  o.y.  with  three, 
four,  fiye,  or  six  angles,  each  produced 
into  a  short  stout  process.  Sporangium 
orbicular^  beset  with  elongate  spmes, 
forked  or  branched  at  the  apex.  L. 
1-1000";  B.  1-1167".  (n.  20,  2l,  24  26, 
&31.)    G.B.,  I.,  R,  U.S.A. 

S.  gracile  (Ralfe). — Segments  in  f.y. 
triangular,  mds  tnmcate,  rough  with 
niinute  granules,  tapering  at  each  side 
into  elongate,  straight,  slender,  horizontal 
processes,  terminated  by  three  or  four 
minute  spines ;  e.y.  triradiate,  processes 
straight,  sides  concaye.  L.  1-773"  to 
1-639";  B.  1-348"  to  1-372".  (m.  28, 
e.y.  29.)  =  Goniocystis  {TrigonocysUs) 
gracilis  (Hass.),  I^ycastrum  graeik 
(Kg.).    G.B.,I,F. 

S.  paradoxum  (Meyen).  —  Segments 
in  f.y.  gradually  widening  upwards,  the 
ends  truncate,  rough  witi  minute  gra- 
nules;  processes  straight,  elongate,  slen- 
der, divergent,  trifid  at  the  apex;  e.y. 
tri-  or  quadriradiate,  processes  straight, 


sides  straight  or  yeiy  slightly  concaye. 
L.  1-941";  B.  1-1165".  =  Fhyeastr^ 
paradoxum  (Kg.),  Oonioeysiis  (&)  para* 
doxum  (Hass.).  G3.,  L,  R,  G.,  Italy, 
U.S.A. 

3t  Segments  furnished  with  yanoudj 
disposed  spines,  which  are  either  sim- 
plc;  or  short  and  notched  at  the  apex. 

Q,probo8cideum  fBr^.). — Segments  in 
fly.  broadly  cuneiform,  ends  scmiewhat 
conyex,  rough  vnUi  very  minute,  short, 
truncate  9pines,  chiefly  coffined  to  the 
outer  margin,  processes  short,  thidt,  trifid 
at  the  apex;  e.y.  triradiate;  processes 
short,  stout,  sides  concaye.  L.  1-555"; 
R  1-500".  siSl  asperum,  /3  (Ral&,  Bi^). 
G.B.,  L,  R 

S.  controversum  C&!<fl).). — Segments  in 
f.y.  dliptic  or  broadlv  fusiform,  some- 
times irregular,  furnished  with  scattered, 
irregular,  siny>le  or  notched  spines^  pro- 
cesses short,  generaUy  curved,  spmmose, 
terminated  by  minute  spines ;  e.  y.  tri- 
radiate, the  processes  twisted  or  curved 
Sporangium  orbicular,  spinous;  spines 
twice  branched.  L.  1-972" ;  R  1-888". 
Ooniocystis  (IHgonoeystis?)  acuieatmn 
(Hass.).    G.R,Lr 

S.  aculeatum  (Menegh.). — Segmeoats 
in  f.y.  broadly  fusiform,  fumished  with 
thickly  scattered  simpie  or  notched  spines; 
processes  elongate,  fpinulose,  straight,  ter- 
minated by  minute  spines;  e.y.  3-5- 
radiate,  the  processes  straight,  sides  con- 
caye. L.  1-666"  ;Rl-50aC=2>«j»iia&im 
aculeatum  (Eh*);  J^jjj/castrum  aculeatum 
(E^.),  Goniocy^  (^irigonocystis)  atulea- 
turn  (Hass.).    G.B.,  L,  R,  G.,  Ital^y. 

S.  vestitum  (RsH&i), — S^ments  m  £y. 
fusiform,  outer  margin  boraered  by  minute 
emarginate  spines;  processes  eionpate, 
rough,  terminated  by  minute  spines; 
e.y.  triradiate,  the  processes  elongate 
straight,  sides  concaye,  furnished  at  ^ 
middle  with  a  pair  of  conspicuous  siender 
forked  spines,  sometmies  accompanied  by 
a  few  others  shorter  either  simple  or 
notched.  L.  1-625"  ;B.  1-384".  (m.  30, 
e.y.  31.)    G.B.,L,F. 

S.  oxyacantha  (Archer). — Segments  in 
f.y.  broadlv  fusiform,  rough  triM  minute 
granules,  nimished  on  the  outer  mcayin 
with  six  subulate  acute  depressed  spmes 
(four  of  which  are  apparent  in  thisyiew); 
processes  elongate^  incurved,  the  granules 
thereon  arranged  m  transyerse  Imes^  ter- 
minated by  three  or  four  minute  spines ; 
e.  y.  triradiate,  the  processes  elongate 
straight,  sides  somewhat  concaye,  end 
fiirmshod  at  the  middle  with  a  pair  of 
very    slender    extremely    acute    subsdate 
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MMMeffprojectiiig  to  each  side.  L.  1-770': 
B.  l-my^tol^Sff'.    I. 

10*  SegmetnU  in  f,v.  with  fhe  opposite 
lateral  extrendUeB  terminaiing  in  one 
or  two  elongate  eohuHees  proeessee 
moetiy  divided  at  the  apex ;  and  in  e.v. 
either  tapering  into  a  nngle  prooeae  at 
eadi  angle,  mid  fwrmeked  with  other  $ 
between  or  above  of  a  ewtHar  character 
de^Smte  in  number,  or  the  angles  fur^ 
mshedwith  two  short  processes  siae  by 
tide  and  unaccompanied  by  others. 

t  Segments  at  en^  view  with  the  addi- 
tional processes  more  than  one  for  each 
angle^  and  placed  on  the  margin  or 
upper  surface^  and  diverging  laterally. 

8.  fitrcatum  rBr^.J.  —  Segments 
smooth,  in  f.y.  hroaolj  elliptic,  fiiniished 
at  each  opposite  lateral  exmmity  with  a 
colourless  hifid  process,  and  with  six 
others  similar  ana  diveraerU  on  external 
margin  (four  only  of  which  are  usually 
visible)^  e.y.  with  three  acute  angles, 
each  tapering  into  a  terminal  process, 
and  each  beanng  two  others  on  the  upper 
mtrface,  placed  to  each  side,  and  project- 
ing laterally.  L.  1^860";  B.  1-900".= 
Jumthidium  furcatum  (Ehr.),  AsterO" 
xanthium  fmiatHm  (Kg.),  A.  bisenarium 
(Kg.)?    G.R,L,F. 

S.  senarium  (Ehr.).  —  Segments 
smooth,  in  e.y.  with  three  angles,  each 
terminating  in  a  short  process  tipped  by 
minute  spines,  and  havtng  six  other  short 
forked  jprocesses  on^  the  margins,  two  at 
each  side  and  projecting  laterally:  and 
six  others  on  the  upper  swfaee,  coimuent 
at  tiieir  bases,  diver^nt  at  their  extre- 
mitiee,  and  forked ;  sides  straij^ht  ^7.) 
ss  Stephanoxanihium  senanum  (Kg.). 
U.S.A. 

S.^  euste^hanum  (Ehr.).  —  Segments 
granulate,  m  e.y.  with  three  angles,  each 
terminating  in  a  short  process  tipped  by 
minute  spmes,  without  lateral  processes, 
but  with  six  others  confluent  at  their 
bases  on  the  upper  sur&oe,  divergent  and 
forked.  (Ti,S,')ss8tephat%oxanthiumeuste' 
phanum  (Kg.).     U.S.A. 

8.  EhrenbergU  (Corda). — "  Corpuscles 
par  paire,  vus  de  c6t^,  ovales ;  vus  d'en 
naut,  triangulaires,  munis  de  six  ap- 
pendfices  terminaux  et  lat^raux,  et  de 
deux  autres  appendices  centraux,  <][ui 
eont  courts,  blancs,  en  fourchette,  mais  k 
pointes  divergentes "  (Corda,  *  Obs. 
Micr.  des  Animalcules  de  Carlsbad.' 
1840).  In  Corda's  figure  the  f.  v.  is 
somewhat  like  that  of  S,  furcatum.  The 
segqients  are  broadly  fusiform,  the  pro- 


cesses are  all  very  short  and  stout,  and 
the  bifurcations  very  divergent  (formed 
indeed  somewhat  Hke  the  tail  of  a  Jlsh\ 
ssXanthieUum  EhrenbergU  (Corda,  /.  c). 
S.  articuiaium  (Corda). — "  Corpuscles 
ovales,  par  paire,  munis  aux  deux  bouts 
d[un  appendice  k  deux  cellules,  qui  se 
divise  encore  en  forme  de  fourchette,  et 
latdralement  en  deux  appendices  plus 
longs  4  quatre  cellules,  et  une  pointe  en 
fourchette.  Sur  les  deux  cdtiSs  plats,  se 
trouvent  deux  protuberances  trans- 
versides,  ^galement  pourvues  de  deux 
allongements  cellulaires  en  fourdiette '' 
(Corda,  Ic),  In  Corda's  figures  the  seg- 
ments in  flv.  are  elliptic,  the  processes 
stout,  elongate,  transversely  strutted  (by 
rows  of  granulesP),  bifurcate,  the  bifurca- 
tions recurved.  sX  articukstum  (Corda). 
Neither  of  the  figures  of  the  foregoing  is 
explanatory ;  both,  however,  seem  to  be 
distinct  species. 

2t  Segments  with  the  additional  pro- 
cesses one  for  each  angle,  and  placed 
on  the  upper  surface  immeoiately 
above  those  terminating  the  angles. 

8.  furdgerum  (Br^.).  —  Segments  in 
£  V.  twice  as  broad  as  long,  separated  bv 
a  deep  constriction,  rough  with  pearfy 
granules,  terminating  at  each  side  tn  two 
elongate,  stout  processes,  bifid  at  the  apex, 
plaoed  one  above  the  otKer,  the  inferior 
horizontal,  the  superior  directed  ob- 
liquely outwards  and  divergent,  both 
having  the  granules  thereon  in  trans- 
verse lines )  e.  v.  with  three  or  four 
an^es,  each  extremity  terminating  in  a 
process  and  having  {he  other  immedi- 
ately above  it  on  the  upper  surface,  sides 
concave  at  the  centre.  L.  l-d3d" ;  B. 
1-857"  incL  processes,  (m.  32,  e.  v.  33.) 
s  2>Mfymoc£m/()n  j^r<^ertt«(Ral&),  Aste» 
roxantfuum  furdgerum  (Kg.),  AanMt^ 
dium  coroMxtum  (Ehr.)  ?,  A.  coronatum 
(Eg,)  P    G.B.,  I.,  F.,  a,  IJ.S.A. 

S.  longispinum  (BaoL  sp.).  —  Segments 
in  £  V.  triangular,  truncate  on  outer  mar- 
gin, smooth,  terminating  at  each  side  in 
two  much  elongated  stout  processes,  sub^ 
acute  at  the  apex,  placed  one  above  the 
other,  divergent ;  e.  v.  with  three  angles, 
each  extremity  terminated  by  a  process 
and  having  the  other  immediately  above 
it  on  the  upper  surfEice,  side  8tnught.=s 
Didvmodaaon  longispinum  (Bailey). 
U.S.A. 

3t  Segments  with  two  processes  from 
each  angle  placed  side  by  side. 
S.  Usve  (Ralfs).— Segments  in  f.  v.  ex- 
ternally Umate  or  somewhat  cuneate,  with 
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the  ends  somewhat  protuberant,  smooth, 
terminating  at  each  side  m  a  pair  of 
^mH  stout  processes  placed  side  hy  side 
(one  only  of  which,  however,  is  apparent), 
directed  upwards  and  divergent,  forked 
at  the  apex ;  e.  v.  with  three  or  four 
angles,  each  terminated  hy  the  pair  of 
short  processes  separated  hy  a  rounded 
sinusy  sides  deetdy  concave.  L.  1-1220" ; 
B.  1-2127".    GfB.,F. 

11  *  Segments  in  /.  r.  unth  each  opposite 
lateral  extremity  terminating  m  a  colour' 
less  process,  ewher  shorty  rounded^  and 
dentate,  or  elongate  and  entire  at  the 
end;  e.  v,  circular,  margined  with  from 
Jive  to  seven  processes,  or  conwressed, 
and  with  hut  two  processes,  (S.  poly- 
morphum  sometimes  has  Jive  rays,  and 
the  e.  V,  appears  almost  ctrcular,  hut  the 
extremities  of  the  processes  are  not  entkre 
hut  t^^ped  with  minute  spines,) 

t  End  view  circular. 

S.  sexcostatum  (Br^b.). — Segments  in 
f.  V.  suhorhicular,  furnished  on  each  side 
with  a  shorty  hroaa,  truncate,  dentate  ^o- 
cess,  and  with  slight  crenate  elevations 
on  the  outer  margin ;  e.  v.  circular,  hor^ 
dered  hy  Jhe  or  six  short,  rounded,  den- 
tate,  colourless  margifial  rays,  L.  1-^1"; 
B.  1-833"  to  1-694".  =  Oomocystis  (Pen- 
tasterias)  Jenneri  (Hass.),  StMhanoxan^ 
ihmm  sexcostatum  (KgO*    G.B.,  I.,  F. 

S.  margaritaceum  (Mene^h).  —  Seg- 
ments in  £  V.  gradually  widening  up- 
wards, rough  with  pearly  ffranules,  outer 
margin  convex,  produced  at  eadi  side 
into  a  colourless,  more  or  less  attenuate 
short  process,  naving  the  granules  in 
transverse  lines,  hkmt  and  entu^e  at  the 


apex ;  e.  v.  drcular,  boidoed  Vy  Iron 
five  to  seven  shorty  narrow,  omw,  co- 
lourless, granulate  marginal  rays.  L. 
1-1176";  R  1-1000"  incL  proc«««. 
(m.  34,  e.v.  35.>  s  Pentasterias 
ritacea  (Ehi.),Phyeastrmn  i 
^"),  Oomocystis  (F^nL) 


Hass.),  Fhycasirum  ratundatmm  (Kg.). 

J.B.,  I.,  P.,  G.,  u.aA. 

S.  Araehne  (Ral&). — Segments  in  £  v. 
suhorhicular,  rough  with  nunute  gn- 
nuleey  lower  margin  tnr;gpd,  outer  ooovex, 
tapenng  at  each  side  into  an  tltmgali, 
slender,  incurved  process  having  the  gra- 
nules thereon  in  transverse  Imea,  entin 
at  the  apex ;  e.  v.  circular,  bordered  b? 
five  derider,  linear,  eolomiess  margind 
rays,  L.  1-1020";  B.  1-662"  incL  pro- 
cesses. =  Oomocystis(Pentasterias)  arsA- 
nis  (Hass.),  JP^eastrum  Araehne  (Kg.), 
P.  radiatum  (Klg.)  ?.     G.B.,  F. 

2 1  End  view  compressed. 


S.  tetraeerum  (Balls).  —  Segments  is 
£  V.  gradually  widening  upwara,  loo^ 
with  minute  granules,  outer  msrgm 
truncate  or  concave,  tapering  at  eaek 
lateral  extremity  into  an  eUn^ated,  very 
slender,  colourless  process,  having  the 
granules  thereon  m  transverse  lines, 
entire  at  the  apex  and  divergent ;  e.  v. 
much  compressed,  with  a  process  at  eoA 
extremity,  L.  1-2703";  B.  1-1786".  = 
SLparadoxum  (Ehr.),  OomoeysA  (8.?) 
paradoxmn  (oBas.),  F^feaatrmm  pme^ 
doxum  (Kg.).    O.B.,  L,  JF.,  Q.,  U.S.A. 

[S.  enorme  (Ralfe)  is  omitted,  this 

Slant  having  been,  as  we  think,  abowa 
y  De   Baiy  (cp,  c«f.)  to  be  a  Pc^j- 
edrium.] 


2.  Fronds  distinctly,  faintly,  or  not  at  all  constrioted  at  the  middle,  very 
rarely  less  than  three  times,  mostly  many  times  longer  than  broad. 
Sporangia  smooth,  and  either  spherical,  elliptic,  quadrate,  or  cractfonn. 

Genus  TBIPL0CERA8  (Bailey).— Frond  very  elongate,  straight,  eouOriet^ 
at  the  middle ;  se^ents  with  numerous  whorls  of  knot-like  projections,  ends 
three-hhed,  lobes  hidentate,  Endochrome  with  a  terminal  rounded  dear  qwoe, 
in  which  are  active  grannlee. 

Triplocbras   verticiOatum  (Bailey). 


—  Frond  stout,  suture  prominent,  seg- 
ments about  eight  or  ten  times  longer 
than  broad,  with  numerous  whorls  of 
prominent,  broad,  truncate,  emarginate 
projections,  (m.  37.)  =  Docidium  verti- 
ciUatum(Rai&),    U.S.A. 


T.  gracile  (Bailey).  —  Frond  Mther 
slender,  suture  promment,  segments  tea 
or  twelve  times  longer  than  broad,  with 
numerous  whorls  of  prominent,  some- 
what triangular,  roundly  hkmt  J^^^ 
tions.  s  Docidium  vertictOatum  (Ealfr). 
U.S.A. 


Genus  DOCIDIUM  (Br^.)— Frond  very  ehngate,  straight,  eonstrided  ai 
the  middle ;  segments  with  an  inflation  at  the  base  (very  rarely  not  so),  often 
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with  othevB  above,  or  with  whorls  of  knot-like  projections,  ends  abruptly 
truncate,  findochrome  with  a  terminal  rounded  dear  space  at  each  end,  in 
which  are  active  granules. 


DocmiUM  rerrucasum  (Bailey).  — 
Frond  xather  stout;  suture  forming  a 
rim;  segments  five  or  six  times'longer 
than  broad,  with  numerous  tmaU  equal 
trndulaHans  due  to  so  many  whorls  of 
small  tubercle-like  prominences;  ends 
entire.    U.S.  A. 

D.  nodosum  (Bailey).  —  Frond  stout, 
suture  forming  a  rim ;  segments  three  or 
four  times  as  long  as  broad,  with  four 
promment  infUstea  nodes,  includmff  the 
oasaly  which  is  somewhat  the  largest, 
and  which  are  due  to  so  many  whorls  of 
knot-like  prominences  or  larc^  tubercles; 
ends  entire ;  e.  v.  crenate.    U.S.A. 

D.  coronaium  (Br^.).  —  Frond  stout, 
suture  forming  a  thickened  projecting 
rim ;  s^ments  four  to  six  times  as  long 
as  broac^  tapering,  regularly  inflated  up- 
wards from  the  base,  so  as  to  j)roduce 
an  undTilated  maigin,  the  basal  mflation 
^e  most  prominent,  the  others  less  so, 
and  wantmg  towards  the  ends;  ends 
bordered  by  prominent  tubercles j  protecting 
aU  round',  e.  v.  circular,  bordered  by  the 
tubercles ;  e.  f  coarsely  pimctate.    F. 

D.  undulatum  (Bailey). — ^Frond  slender, 
suture  forming  a  minute  rim,  segments 
eight  to  ten  times  as  long  as  broad, 
unth  six  or  eight  sinuations  at  regular  in- 
tervals,  producing  as  many  inflations 
besides  the  basa^  which  is  not  larger 
than  the  others;  ends  and  bases  crenate. 
U.S.A. 

'D.Ehrenbergii(Bje^). — ^Frond  slender, 
Unear}  suture  forming  a  very  sharply- 
defined  rim;  segments  eiffht  to  twelve 
times  longer  than  broad,  based  infiation 
hacing  another  smaller  one  above  it,  sides 
otherwise  straight,  parallel;  ends  crenate, 
owing  to  a  number  of  emarginations 
from  the  edffe  of  the  truncate  extremi- 
ties, from  three  to  five  of  the  crona- 
turee  being  usually  visible ;  e.  f  punc- 
tate, or  rough  with  minute  granules. 
Sporangium  suborbicular  or  elliptic,  or 
slightly  angular,  smooth,  placed  between 
•the  deciduous  empty  nonds.  Ciliated 
zoospores  formed  by  segmentation  of  the 
cell-contents,  and  their  emission  effected 
through  the  opened  apex  of  each  of  one, 
two,  or  three  specially-formed  lateral 
tubes  arising  from  beneath  the  base  of 
one  of  the  segments  (ride  sttprd,  p.  716 ; 
111.46,47).  L.  1-71"  to  1-59" ;  B.  1-1111" 
to  1-061".  (n.  8  &  11.)  =  Pleuroifpnium 
Wn-enberghniBe  Bary).  G.B.,  L,  F.,  G., 
U.S.A. 


D.  davatum  (Kg.).  —  Frond  slender, 
suturo  scarcely  prominent,  segments 
ei^ht  or  ten  times  as  lonff  as  broad, 
slightly  cUxcate  near  the  ends,  and  ti^- 
mately  somewhat  attenuated,  basal  infla- 
tion sometimes  solitary,  sometimes  hav- 
ing another  slight  one  above  it;  ends 
entire;  e.  f  punctate.  L.  1-66" ;  B.  1-813". 
(ii.  9.)  =  Fleurottmium  clavatum  (I)e 
Bary).    G.B.,  L,  F.,  G..  U.S.A. 

D.  nockdosum  (Br6b.).  —  Frond  very 
stoutf  the  thickened  suture  forming  a 
projecting  rim;  segments  foiur  to  six 
times  as  long  as  broad,  scarcely  atte- 
nuated, regularly  inflated  at  intervals  so 
as  to  j^roduce  an  imdulated  margin,  the 
basal  mflation  the  most  prominent,  the 
others  as  they  approach  the  ends  less  so, 
where  they  are  mdistinct  or  wanting; 
ends  entire ;  e.  f.  coarsely  pimctate.  L. 
1-50";  B.  1-428".  =2>.  crenulatum  (Ehr.), 
Pteurot€Bnium  nodtdosum  (De  Bary). 
G.B.,  I.,  F.,  G.,  U.S.A. 

D.  truncatum  (Br^b.).  —  Frond  stout, 
the  thickened  suture  forming  a  rim ;  seg- 
ments three  or  four  times  longer  than 
broad,  tapering,  basal  inflation  solitary, 
sides  othertctse graduaUv  curved;  ends  en- 
tire; e.  f  ia\meta.te.=sPleurot<mium  trun- 
catum (Nag.,  De  B.).  L.  1-81"  to  1-72" : 
B.  1-527"  to  1-429".    G.R,  I.,  F.,  G. 

D.  constrictum  (Bailey). — Frond  stout, 
suture  not  prominent;  segments  five  or 
sut  times  longer  than  broad,  not  cA- 
tenuated,  with  four  distinct  equidistant 
sinuations  producing  four  equal  gently 
curving  prominences  besides  the  basal 
inflation ;  ends  entire.    U.  S. A. 

D.  Baadum  (Br^b.).  —  Frond  slender, 
suture  not  prominent;  segments  very 
many  times  longer  than  broad,  basal 
inflation  very  conspicuous,  solitary,  sides 
otherwise  straight,  very  nearly  parallel, 
large  granules  of  the  endodmime  in  a 
single  series ;  ends  entire ;  e.  f.  without 
puncta.  L.  1-111"  ;B.  1-1937".  (in.  38.) 
=s  Fleurottenium  Bactdum  (De  Bary). 
G.B.,  F,  G.,  U.S.A. 

D.  minutum  (Ral&). — Frond  slender, 
suture  not  prominent ;  segments  four  to 
six  times  fon^r  than  broad,  somewhat 
tapering,  inflmon  obsolete,  sides  straight, 
ends  entiro;  e.  f.  without  puncta.  L. 
1-212";  B.  1-1582".  =  Pcntww  Ralfsii 
(De  Bary).    G.B.,  I.,  F.,  G.,  U.S.A. 

D.  hirsutum  (Bailey).  —  Frond  rather 
slender,  suture  not  prominent,  segments 
four  to    six  times  as  long  as    broad, 
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w)i  tapering,  u^UsUon  ofmleU,  end*  ^- 
tire,  mrface  aU  over  mwuidy  tmitotfa.  or 
Mrmde.    U.S.A. 
Kutsing  (Sp.  Alg.)  deecribea  one  or 


two  othor  s^eoiee  of  Doddium ;  bat  the 
characters  given  seem  hardly  distinctiTe, 
and  appear  sometunes  more  like  geneiic 
characters  re-stated. 


Genus  TETMEMORUS  (Ralfe).— Frond  elongate,  straight,  cylindrical  or 
ftusiform^  constricted  at  the  middle ;  segments  more  or  less  tapering,  not  in- 
flated at  the  base,  ends  with  an  acute  incision,  the  subdivisions  rounded, 
othermu  quite  entire. 


Tbtmbmobus  BrebissonU  (Ralfe).  — 
Frond  about  five  or  six  times  longer 
than  broad ',  m  /.  v.  trt^  parallel  sides, 
the  constriction  a  very  shallow  groove ; 
m  s.  r.  fusiform,  the  constriction  very 
slightly  deeper;  endochrome  with  a  lon- 
gitudinal series  of  light-coloured  lar^ 
granules ;  e.  £  punctate,  the  puncta  in 
longitudinal  rows.  L.  1-142"  j  B.  1-704". 
rn.  12  &  130  =  Closterium  Bribissomi 
(Menegh.),  Penium  monile  (Kg.),  P.  stri- 
ato-punctatum  (Kg.)  P  G.B.,  t,  F.,  G., 
Italy,  U.S.A.  /3,  turgidus,  larger,  stouter, 
constriction  deeper,  y,  — —  (De  Bary), 
smaller  than  eitner,  otherwise  externally 
similar,  endochrome  in  longitudinal 
fillets. 

T.  kevis  (Ralfij).— Frond  smaller  than 
lasty  scarcely  one-half  its  length,  about 
three  or  four  times  as  long  as  broad; 
in  f  V,  somewhat  tapermg,  tne  constric- 
tion a  shallow  depression;  in  s,  v.  fusi- 
form: end  sometimes  with  a  hyaline 
lip-liKe  projection  extending  beyond  the 
notch;  e.f  punctate,  puncta  &int  but 
evident,  scattered.  Sporangium  smooth, 
in   £  V.  at   first  quadrate,    afterwards 


broadly  elliptic ;  in  s.  v.  compressed, 
enclosed  in  a  central  cell  placed  between 
the  ultimately  deciduous  empty  fronds. 
L.  1-374"  to  1-336";  B.  1-1244"  to 
1-1073".  =  Penitim  (Tetmemorus)  Bre- 
bissonii  (Kg.).     G.B.,  L,  R.  G. 

T.  nUnutus  (De  Bary). — ^I^rond  minute, 
shorter  than  7*.  k^vis,  about  three  times 
longer  than  broad,  fusiform,  the  con- 
striction a  very  shallow  groove ;  e.  t 
without  puncta.  L.1-41"';  B.  1-118"'.  G. 

T.  granulatus  (Ralfs).  —  Frond  some- 
what longer  than  T.  BrebissonO,  about 
five  or  six  times  lon^  than  broad ;  in 
hothf  V.  and  s.  v.  fusiform,  the  constdc- 
tion  a  very  shallow  groove,  ends  with  a 
hyaline  l^like  projection  extending  be- 
vond  the  notch ;  endochrome  with  a 
longitudinal  series  of  large  granules; 
e.  t  punctate,  the  puncta  scattered,  ex- 
cept near  the  constriction,  where  they 
are  disposed  in  two  transverse  rows. 
Sporangium  orbicular,  smooth,  marffm 
finely  striated,  placed  between  the  de- 
ciduous empty  fronds.  L.  1-180'';  R 
1-649". =P«t«wm  (T.)gramdatus  (Kg.). 
G.B.,  L,  F.,  G.,  Italy,  U.S.  A, 


Genus  CLOSTEEIUM  (Nitssch).— Frond  elongate,  attenuaU,  fnore  or  lets 
lunatehf  curved  or  arcuate,  entire,  not  constricted  at  the  middle,  the  junction 
of  the  segments  marked  by  a  pale  transverse  band.  £ndochit>me  often 
arranged  in  longitudinal  fillets,  and  at  each  extremity  having  a  terminal  dear 
space,  in  which  are  active  granules ;  e.  f.  smooth,  or  with  longitudinal  stris, 
never  granulate. 

The  subdivisions  of  this  genus  cannot  always  be  rigidly  adhered  to,  as 
certain  species  might  sometimes  seem  to  agree  almost  as  well  with  another 
division  as  with  that  in  which  they  are  placed. 


•  I^ond  soarcelg  tapering,  the  curvature 
very  slight,  gradual  and  equal;  lower 
margin  nearly  straight  or  mghtly  con- 
cave ;  ends  truncate  or  broadly  rounded; 
e.f  with  or  without  longitudinal  strut, 

Clostebiuh  didymotocum  (Corda). — 
Frond  stout,  six  to  ten  times  longer  man 
broad,  nearly  straight,  very  sUghUy  taper- 
inp  to  the  extremities,  upper  margin 
slightly  convex,  lower  nearly  straight  or 
very  sUghtly  concave,  sometimes  slightly 


inclined  upwards  at  the  end;  ends  irun^ 
cate,  reddish ;  lai^  granules  in  a  sinffle 
series ;  e.  f.  reddish,  especially  near  die 
ends,  stri(8  faint',  central  suture  evident, 
sometunes  accompanied  bv  two  others 
dividing  the  frond  into  four  portions. 
L.  1-66" ;  B.  1-813".  (m.  39.)  G.R,  I., 
F.,  G.  a,  three  transverse  sutures;  fi, 
one.  s  C.  subreetum  (Kg.),  C  BaUeyamm 
(Br6b.). 

C.  obtusum  (Br^b.).  —  Frond  minute, 
four  to  ten   times   as  long  as  broad, 
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neaily  Btrtuf^ty  eyJmdriedl,  not  tapering, 
tipper  and  lower  margin  equaOy  and  but 
fferydightfyetirtxd,  ends  obtusefy  rounded: 
large  gnuaules,  in  a  single  seriee;  e.  f. 
smooth.    F. 

C.  Amblyonema  (Ehr.).  — Frond  stouts 
very  long,  twenty  to  twenty-five  timee 
as  long  as  broad,  sUgktfy  mrved,  eearcely 
teq^ermgfXvp^T  and  lower  margins  equally 
and  but  gently  curved ;  mde  broadly 
rotoMJM/;  e.£  smooth.    U.S.A. 

2  *  Frond  tapering y  having  the  emrahire 
el^ht;  lower  margin  drawht  or  very 
ehghtly  coneavey  and  sUghUy  inclined 
upwards  towards  the  rounded  or  sub- 
acute ends:  e.f.  with  or  without  hn- 
giiudinal  striie, 

C.  Lunula  (Ehr.).— Frond  large;  stout, 
five  or  six  times  as  long  as  broad,  semi- 
kmate,  upper  margin  very  convex,  lower 
nearly  straight,  somewhat  mclinediqMoards 
towards  the  obtuse  broadly  rounded  ends; 
endochrome  with  the  laige  granules 
numerous;  scattered;  fillets  several,  di- 
stinct ;  e.  t  ec^urlesB;  without  mark- 
ings; central  suture  not  evident  L. 
1-^' ;  B.  1-830".  =  Vibrio  Lunula 
(Mtiller);  BaeUlaria  Lunula  (Schrank); 
Lwmlma  vulgaris  (Bory).  G.R,  F.;  L, 
G.,  Italy,  U.SA.,  Mexico. 

C.  acerosum  (Ehr.).  —  Frond  slender, 
fiix  to  fifteen  times  as  long  as  broad; 
Unear-laneeolate,  gradually  tapering; 
upper  mai;g[in  sli^huy  convex,  the  lower 
nearly  straight,  elighuy  inclined  upwards 
at  the  corneal  endsj  large  granules  in  a 
single  central  l(mgitudinal  series;  fillets 
several,  distinct ;  e.  t  colouiless;  very 
fiiintly  striated,  central  suture  evident. 
L.  1-70"  to  1-58" ;  B.  1-1103"  to  1-610". 
Sporangium  orbicular,  smooth,  placed 
between  the  dehiscing  deciduous  empty 
fironds.  =  Vibrio  acerosus  (Schrank). 
G.R,  L,  F.,  G.;  U.S.A.;  Mexico. 

C.  kmee<datum  (Kg.). — Frond  stouter 
than  C.  acerosum,  six  to  ten  times  longer 
than  broad;  semtlanceolate,  gradually  ta- 
pering ;  u^r  marnn  convex,  lower 
nearly  straight,  inclined  upwards  to- 
wards the  tapering  subacute  ends ',  large 
granules  in  a  single  central  series ;  fiUete 
several;  distinct ;  e.  f.  colourless;  usually 
without  markings;  sometimes  fsiintly 
striated,  central  suture  evident  L. 
1-64";  B.  1-453".  =  Cymbella  Hopkirhii 
(Moore).    G.B.,  I.,  F.,  G.;  U.S.A. 

C.  turgidum  (I^ir.).  —  Frond  stout, 
eight  to  twelve  times  as  long  as  broad, 
semUanceolate,  slightly  tapping,  more 
curved  than  eiUier  of  the  preceding. 


upper  margin  convex,  wiih  a  deifresmon 
near  each  extremity,  lower  margm  con- 
cave, inclined  upwards  towiuds  the 
rounded  ends ;  laige  granules,  in  a  single 
longitudinal  series ;  fillets  several ;  e.  t 
reddish,  longitudinal  stria  ciose,  distinct, 
central  suture  evident  L.  1-39";  R 
l-37a'.  (m.  40.) = a  decussatum  (Kg.)  P 

G.B.,I.;F.;G.;U.S.A. 

0,pralongum  (Br^.). — Frond  vmf 
slender,  extremely  long;  thirty-five  to 
forty  times  as  long  as  broad;  slightly 
curved;  verv  gradually  tapering]  upper 
margin  slightly  conveX;  with  a  depres* 
sion  near  each  extremity ;  lower  concave, 
inclined  upwards  towards  the  roundea 
ends ;  large  granules  in  a  single  series ; 
e.  f.  colourless,  without  markings,    F. 

C.  quadrangulare  (Corda).  —  Frond 
very  slender,  twenty-five  to  thirty  times 
as  long  as  broad,  slightly  curved,  gra- 
dually tapering,  quadranguiar,  except  at 
the  extremities,  one  of  the  angles  forming 
a  prominent  longitudinal  median  line*, 
upper  margin  equally  conveX;  lower  con- 
cave; very  slighuy  inclined  upwards  at  the 
blunt  ends ;  e.  t  colourless;  smooth.    G. 

3*  Drond  tapermf,  the  lower  marpn 
concave,  often  wUh  a  central  in/latton, 
and  inclined  downwards  towards  the 
rounded  or  subacute  ends ;  e»f  unthout 
markings, 

t  Frond  slender;  curvature  very  slight 

C.  strigosum  (Br^.). — ^Frond  slender; 
twelve  or  fifteen  times  as  long  as  broad, 
nearly  straight,  but  somewhat  curved  down^ 
wards  towards  the  attenuated  extremities ; 
upper  margin  slightly  convex,  lower 
conca/ve  with  a  gmtle  central  ittfiation; 
ends  acute;  large  granules  in  a  single 
series ;  e.  t  colouness,  without  stiin. 
Sporangium  orbicular,  smootii,  placed 
between  the  shortly  deciduous  empty 
fironds,  which  conjugate  soon  after  divi- 
sion, so  that  two  of  the  empty  segments 
are  considerably  shorter  than  the  other 
two.    F. 

C.  macHentum  (Br6b.). — Frond  very 
slender,  subUnear,  twen^-five  or  thirty 
times  as  long  as  broad,  slightly  and 
very  gradually  curved,  somewhat  taper- 
ing ;  upper  margin  slightly  convex,  lower 
slightly  concave;  ends  somewhat  bhmtj 
large  panules,  in  a  single  series ;  e.  f. 
colourless,  without  striee.  Sporangium 
orbicular,  placed  between  the  for  some 
time  persistent  empty  fronds,  which 
conjugate,  as  in  last,  soon  after  divi- 
sion.   F. 
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C.  ffracUe  (Br^b.).  —  Frond  very 
slender,  about  twenty-five  to  thirty 
times  as  long  as  broad,  linear,  nearly 
straight,  except  at  the  extremities,  which 
are  curved  aoumwarda;  sides  parallel, 
«nds  obtuse ;  endochrome  arraaMcd  m  a 
T^gTog  or  subepiral  manner;  e.  L  without 
stria.  I.,  F.  This  species  resembles  C. 
jundduin,  a,  in  form,  but  diifers  in  the 
arran^ment  of  the  endochrome  and  in 
the  absence  of  strife. 

2 1  Frond  crescent-shaped,  curvature 
considerable. 

C.  EhretibergU  (Menegh.^.  —  Frond 
/a#^e,  stout,  about  five  or  six  tmies  as  long 
as  broad,  Innately  curved,  extremities 
tapering;  upper  margin  very  convex, 
lower  concave  with  a  conspicuous  central 
inflation ;  ends  broadly  rounded ;  large 
granules,  numerous,  scattered;  fillets  se- 
veral ;  e.  f.  colourless,  without  striae, 
central  suture  not  evident  Sporangia 
orbicular,  smooth,  placed  between  tne 
but  slightly  connected  empty  coniugated 
fronds,  the  endochrome  durmg  tne  pro- 
cess of  conjugation  emerg^g  from  the 
opened  apex  of  a  short  conical  extension 
from  each  under  side  of  each  younger 
segment  Tor  shorter  cone)  of  eacn  pair  of 
recently  divided  fronds,  the  conjugating 
fronds  Doing  produced  immediately  pre- 
viously by  the  self-division  of  a  pair  of 
old  fronds — two  sporan^a  being  thus  the 
ultimate  produce  of  tiie  two  original 
fronds.  L.  1-68";  B.  1-400".  (xvi.  10, 
11,  12,  13,  14)  =  LumUina  monO^era 
(Dory),  a  Lunula  (Ehr.,  Hass.).  G.B., 
L,  F.,  a,  U.S.A. 

C.  WkonUiferum  (Ehr.\ — ^Frond  smaller 
than  the  tad,  stout,  nve  or  six  times 
as  long  as  broad,  Innately  curved,  extre- 
mities tapering,  upper  maigin  convex, 
lower  concave  with  a  central  inflation, 
ends  rounded;  large  granules, cotMrpicuotM, 
in  a  single  Umgittidmal  series ;  e.  f.  colour- 
less, without  striae,  suture  not  evident. 
L.  1-76"  to  1-60";  B.  1-510^'  to  1-466". 
G.B.,  I..  R,  G.,  Italy,  U.S.A. 

C.  obtusangulum  (Corda).  —  Frond 
stout,  crescent-shaped,  four  or  five  times 
as  long  as  broad,  rapidly  attenuated, 
<' quadrangular '*  (six  angles?);  upper 
margin  very  convex,  lower  concave  unth- 
out  a  central  infiaiion;  ends  narrowly 
rounded;  e.  f.  colourless,  without  mark- 
ings. 

0.  Jtnneri  (Ralfe).—Frond  small,  di 
stance  between  the  extremities  six  or 
seven  times  the  breadth,  crescent-shaped, 
much  curbed,  gradually  tapering  (some- 


times with  an  obscure  central  constric- 
tion) ;  upper  nuurgin  very  convex,  lower 
very  concave  without  a  central  inflation ; 
enas  obtuse,  rounded ;  large  granules,  in 
a  single  series ;  e.  £  colourless,  wi^out 
stria.  L.  1-281";  R  1-1730^'.  G^.,L, 
F.,  U.SA. 

C.  LeibleinU  fKg.). — Frond  somewhat 
stout,  distance  oetween  the  extremities 
six  or  eight  times  the  breadth,  creecent- 
shi^[>ed,  much  curved,  rapidly  attenuated; 
upper  margin  very  convex,  lower  very 
concave,  often  with  a  slight  central  infta- 
tion:  ends  subacute ;  large  granules,  m  a 
single  series;  fillets  few  or  indistinct; 
e.  £  somewhat  straw-coloured,  without 
striae ;  suture  evident.  Sporangium  orbi- 
cular. L.  1-291"  to  1-1&";  B.  1-1632" 
to  1-582".  (n.  1  &  6.)  G.R,  I.,  F.,  Q., 
Italy,  U.S.A.  /3  more  slender,  scarcely 
inflated  on  the  lower  margin. 

C.  Dian€e  (Ehr.).  —  Frond  slender, 
crescent-shapedysix  or  eight  times  as  long 
as  broad,  much  curved,  n^idly  attenu- 
ated ;  upper  margin  very  convex,  lower 
very  concave  wiikout  a  central  inflation ; 
ends  subacute  with  a  very  slight  emargi" 
nation  at  the  upper  outer  extremity ;  large 
granules,  in  a  single  series ;  e.  £  some- 
what straw-coloured  or  faintly  reddish, 
without  striae,  suture  evident.  L.  1-143^' ; 
B.  1-1276".  =  G  ruficeps  (Ehr.),  C.  arcw 
atum (Br^bO P,  C.Venus  (Kg.) ?,  C acu- 
minatum (Kg.)  P.  G.R,  I.,  F.,  G.,  Italy, 
U.S.  A. 

C.  incurvum  (Br6b.). — ^Prond  minute, 
somewhat  stout,  crescent-shaped,  very 
much  curved,  rapidly  attenuated,  ends 
very  acute ;  e.  f.  without  striae.     F. 

4  •  Fronds  gradually  U^^ering,  curvature 
often  gradual,  Urwer  margin  concave, 
inclined  downwards  <U  the  rotwtdato- 
truncate  or  sometimes  subacute  ends; 
e,f.  striated, 

C.  in€Bquale  (Ehr.).  —  Frond  minute, 
semilunate,  attenuated;  upper  marpn 
very  convex^  lower  concave ;  extremities 
unequal,  come,  very  acute ;  large  granules, 
scattered ;  e.  f.  prominently  stsd^ied.    G. 

C.  costatum  (Corda). — Frond  stout, 
about  five  or  six  times  as  long  as  broad, 
Innately  curbed,  attenuated ;  upper  mar- 
gin convex,  equally  arehed,  lower  con- 
cave; ends  obtuse, rounded;  large  granules, 
in  a  single  series ;  e.  f.  reddish,  stria  few 
(about  six),  conspicuous ;  suture  evident 
Sporangium  orbicular,  smooth,  placed 
between  the  deciduous  empty  m>nds. 
L.  1-76";  B.  1-384".  =  C.  turguluhm 
(Kg.).    G.B.,  I.,  F..  G. 
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C.  strwlatum  (Ekr,). — Frond  from  six 
to  ten  tunes  as  long  as  broad,  lunately 
curved^  attenuated;  upper  margin  con- 
YeXf  d^ghUy  daprened  at  the  centre,  lower 
concave;  ends  very  obtu»ey  rounded; 
large  granules,  in  a  single  series ;  e.  f. 
readithy  especially  near  the  ends,  stricB 
very  numerotia,  crowded,  transverse  «m- 
twes  usually  three.  Sporangium  orbi- 
cular, smooth,  placed  between  the  de- 
hiscing deciduous  empty  fronds.  L.  1-80" 
to  1-68" ;  R  1-625"  to  1-635".  (n.  2  &  6.) 
=  a  reaulare  (Bi^.)  ?.  G.B.,  L,  R,  G., 
It^,  U.S.A. 

Cf.  mtermediutn  (Rsl&). — Frond  slen- 
der, twelve  to  fifteen  tmies  as  long  as 
Inroad,  slightly  curved,  verygenUy  t^ter- 
ing'y  upper  margin  convex,  gradually 
ttrdied,  lower  slightly  concave ;  ends  oll- 
tuse,  rounded ;  le^*ge  granules,  in  a  single 
series;  e.  f.  |Mde  straw-coloured,  strue 
distmd,  numerous,  bid  not  crowded',  trans- 
verse sutures  usually  more  than  three. 
L.  l-77"-l-54" ;  B.  1-1073".    G.B.,  L,  F. 

C.  angusiatum  (Kg.). — ^Frond  slender, 
ten  to  twenty  times  as  long  as  broad, 
aublinear,  slightly  curved,  scarcely  atte- 
nuated-, upper  margin  convex,  gradually 
arched,  lower  concave;  ends  truncate, 
slightly  roimded;  large  granules,  in  a 
single  series ;  e.  £  pale  reddish,  especially 
near  the  ends,  strimfew  (about  four),  very 
distmctf  transverse  sutures  usually  three, 
L.  1-60" ;  B.  1-1142".    G.B.,  I.,  R,  G. 

Cjuncidum(B^Ms). — Frond  very  slen- 
der, from  about  fifteen  to  even  thirty- 
five  times  as  long  as  broad,  linear, 
straiqht  except  towards  the  extremities, 
ttfhuM  are  somewhat  curved  downuHirds, 
ends  obtuse ;  e.  f.  nearly  colourless,  stria 
not  numerous,  faint,  transverse  sutures 
usually  three.  Sporangium  orbicular, 
smooth,  placed  between  the  dehiscing 
deciduous  empty  fronds.  G.B.,  I.,  F. 
fiy  frond  stouter,  less  donated. 

C.  uncinatum  (Kg.).— Frond  slender, 
tapering  to  a  subacute  point,  suddenly 
curved  downwards ;  e.  f.,  the  body  unth 
stri<B  fine  and  close,  absent  at  the  extre- 
Tnities, 

C.  Uneatum  fEhr.). — Frond  slender, 
elongate,  from  about  eighteen  or  twentv 
to  twenty-five  times  as  long  as  broaa, 
gently  curved,  very  gradually  attenuated ; 
upper  maigin  unequally  convex^  being 
most  curved  near  the  ends,  lower  concave 
or  somewhat  protuberant  at  the  centre ; 
Mes  somewhat  parallel  for  a  portion  of 
their  length ;  the  extremities  gradually  to- 
pertng,  slender,  curved  downwards,  ends 
-obtuse ;  large  granules,  in  a  single  series  ; 
e.  fl  reddish,  stria  numerous,  distinct,  one 


or  more  transverse  Unes  at  the  central  su- 
ture. Sporangia  double,  rounded,  smooth, 
in  close  approximation,  their  opposed  sur- 
&ces  flattened,  nlaced  between  the  de- 
hiscing, shortly-deciduous  empty  fronds, 
and  each  formed  by  the  mutual  conjuga- 
tion of  the  contents  of  the  adjacent  op- 
posite segments.  L.  1-48";  B.  l-OO^''. 
?m.  41,  42.)  G.B.,  L,  R,  G.,  Mexico. 
ff,  Btnsd  spural ;  y,  striae  very  faint,  except 
at  the  centre  or  the  frond  (Br^b.). 

C.  decorum  (lir^h,),  —  Frond  about 
twelve  to  twenty  times  as  long  as  broad, 
tapering  from  the  centre,  gradually  curved; 
upper  margm  equally  convex,  lower 
miuvin  concave:  extremities  attenuated, 
slender,  obtuse ;  large  granules,  in  a  single 
series ;  e.  £  colourless,  striae  numerous.  F. 

6  *  Frond  gradually  curved,  tapering,  sud- 
denly contracted  at  the  end  into  a  coni- 
cal point, 

C.  attenuatum  (Ehr.). — Frond  eight  to 
twelve  times  as  long  as  broad,  gently 
curved, gradually  attenuated;  upper  mar- 
gin slightly  convex,  lower  concave  ;  ex- 
treniittes  suddenly  contracted  into  an  obtuse 
conical  poitU ;  large  granules,  in  a  single 
series ;  e.  f.  reddish,  with  numerous  close 
striae,  central  suture  evident  L.  1-57" : 
B.  1-669".  (ni.43.)    G.B.,  I.,  R,  G. 

6  ♦  Frond  ventricose  or  narrow-lanceolate, 
rcmidly  tapering  into  a  distinct  beak, 
{Sporangia  cruciform,) 

C.  EalfsH  (Br6b.).-~Frond  stout,  six 
to  nine  tunes  as  long  as  broad;  tJie  upper 
margin  slightly  convex,  the  lower  concave, 
but  ventricose  at  the  middle;  each  extremitv 
tapering  into  a  narrow,  slender,  reddish 
beak,  shorter  than  the  body,  slightly  curvinl 
downwards,  ends  obtuse ;  l^ge  granules, 
conspicuous,  in  a  single  series ;  e.  f.  red- 
dish, especially  near  the  ends,  striae  nu" 
merous,  close,  and  distinct,  central  suture 
accompanied  by  several  transverse  Unes, 
L.  1-79";  B.  1-526".    G.B.,  R 

C.  rostratum  (Ehr.).  —  Frond  from 
about  ten  to  fifteen  times  as  long  as 
broad,  lanceolate ;  upper  and  lower  margins 
nee^ly  equally  convex;  each  extremity 
tanering  mto  a  narrow,  setaceous,  neariy 
colourless  beak,  nearly  equal  in  length  to 
the  body,  curved  downwards,  ends  obtuse ; 
large  granules,  in  a  single  series;  e.  f. 
colourless  or  somewhat  straw-coloured, 
striae  numeroTis,  close;  suture  solitary. 
Sporangium  somewhat  cruciform,  its 
sides  concave,  its  extensions  truncate^ 
attached  to  the  empty  conjugated  fronds, 
(ni.  44.)    L.  1-69'* ;  B.  1-6S0'',     C.  cau-^ 
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daium  (Coida),  SUmroeeroi  Acu$  (Kg.)* 
G.B.,L,F.,G.,  Italy. 

C.  elegam  (Br^b.). — ^Frond  very  slen- 
der (twenty-live  to  thirty  times  as  lonff 
as  broad),  narrow-UmeeolaU^  upper  and 
lower  margps  nearly  equally  convex, 
each  extremity  tapering  into  a  lonff,  slen- 
der, setaceous,  colourless  beak,  about  at 
long  (ft  the  body,  ultimately  curved  down- 
wards, endi  acute;  large  granules,  in  a 
single  series ;  e.  f.  without  stria.    F. 

C.  9etaoeum  (Ehr.). — ^Frond  very  slen- 
der, from  about  twenty  to  twenty-five 
times  as  long  as  broad,  narrow-'Umeeo-' 
late;  tapper  and  lower  tnargine  nearly 
equally  and  hut  sU^htly  convex ;  each  ex- 
tremity tapering  mto  a  veiy  long,  slen- 
der, setaceous,  colouiiess  oeak,  hnyer 
than  the  body,  uUimately  curved  down- 
wards, ends  obtuee ;  e.  t  colourless,  gtria 
cloie,  faint,  central  suture  aoUtary,  Spo- 
rangium cruciform,  similar  to  the  last.  L. 
1-116"  J  K\'22!6V\^8taurooerat9ubu' 
UOum  (KgJ,  8,  intermedium  (Kg.),  C 
Kutsingii  (Bi^b.).  G.B.,  L,  R,  G.,  Italy, 
U.S.A. 

C.pronum  (Br6b.). — Frond  very  slen- 
der (thirty  to  thirty-five  times  as  lonff 
as  broad),  nearly  straight:  upper  ana 
lower  margin  scarcely  ifmatea,  nearly 
equally  Uiough  very  skyhUy  convex ;  very 
gradually  attenuated  at  each  extremity 
mto  a  long,  slender,  setaceous,  colourless 
beak  tdtimately  somewhat  curved  down- 
wards, ends  sUyhtlv  enlarged  and  rounded) 
e.  t  colourless,  wvthout  stria,    F. 

7*  Frond  minute,  tapering,  curvature 
very  sUght,  neithear  in/tated  nor  rostrate. 
(Sporangia  cruciform,) 

C.  Comu  (Ehr.). — ^Frond  minute,  from 


five  to  ei^ht  times  as  long  as  brotd, 
slender,  slightly  curved,  attenuated,  ends 
bkmt;  endochrome  not  reaching  to  the 
extremities ;  large  granules,  indistinct,  in 
a  single  series ;  e.  t  colourlees,  without 
striie.  Sporangium  in  £  v.  somewhat 
cruciform  or  quadrate,  with  the  angles 
produced  and  rounded,  in  a.  v.  elliptic, 
attached  to  the  conjugating  fronds.  L. 
1-140" ;  R  1-3709".  «  C.  tenme  (Kg.> 
G.B.,  F.,  I .  G.,  Italy.  0,  frond  more  tur- 
gid. L.l-m';R  1-2142".  G.R,L,F. 

C.  acutum  (Br^.), — ^Frond  somewhat 
larger  than  the  last,  about  from  six  to 
twenty  times  as  long  as  broad,  slender, 
narrow-lanceolate,  sughtly  curve^  gra- 
dually attenuated,  eryds  aade ;  e.  L  co- 
lourless, without  strise.  Sporangium 
similar  to  last  L.  1-177" ;  R  1-2560". 
G.B.,  I.,  F.,  G.  a  six  to  twelve  times 
as  long  as  broad,  ends  subacute,  p  ten 
to  twenty  times  as  long  as  broad,  ends 
very  acute,  a  Stauroceras  mdmlatum 
(Kg.)?,  a  subulatum  (Bt^)  ?,  C.  tener^ 
rimum,(Kg.)? 

C.  Or^ffUhU  (Rerk.).— Frond  minute^ 
scarcely  curvea,  acwular,  yerv  acute, 
smooth.  «C.sMft<iZ9(Br^.)P  G.R,L,F. 

8*  JFhmd  crescentsh€^9ed,  ^tout,  extre- 
mities furmshed  wUk  a  sm^  aeuts 
spine, 

0.  cuspidatum  (Bailey). — ^Frond  stout, 
crescent^shaped,  scarcely  taperinj^,  much 
curved,  enas  rounded,  furnitkea  with  « 
single  subulate  acute  spine;  e.  t  without 
struB.  U.S.A.  We  are  disposed  to  think 
this  plant  may  not  be  a  true  Deemidiean, 
but  belong  to  the  genus  Ophiocytaum 
(Nag.),  though  placed  in  Closterium  by 
Bailey. 


Genus  PENIUM  (Br^.). — Frond  elongate,  straight,  cylindrical,  elliptie, 
or  lanceolate,  either  not  at  all  constricted  or  but  very  sltgkUy  narrowed  at  the 
middle,  entire.  Endochrome  with  or  without  a  terminal  clear  space,  con- 
taining active  granules. 


*  Empty  frond  granulate,  generally 
reddish, 

Pbniuic  margaritaceum  (Br^b.).  — 
Frond  six  to  ten  times  as  long  as  broad, 
fusiform  or  cylindrical,  with  rotundato- 
truncate  ends,  rou^h  with  pearly  granules 
arranged  in  longitudinal  lines.  Endo- 
chrome at  each  end,  sometimes  with  a 
more  or  less  distinct  terminal  cavity  with 
active  granules.  Sporangium  orbicular, 
smooth,  s  Clostertum  margaritaceum 
(Ehr.).  G.R,L,F.,G.  a,  frond  fusiform, 
gradually  constricted    at    the    middle. 


granules  distinct  L.  1-156" ;  R  l-96r. 
(iL  14)  p,  frond  linear,  scarcely  con- 
tracted at  ^e  middle,  granules  distinct 
y,  frond  linear,  not  contracted  at  the 
middle,  granules  appearing  like  puncta. 
L.  l-ier  ;  R 1-1516".     (n.  15.) 

P.  Oyluukw  n3r6b.).— Frond  minvta, 
red,  three  or  four  times  as  l<mg  as 
broad,  cylindrical,  not  contracted  at  the 
middle,  ends  rotundato-^runeaie, 
with  minute,  clos^  scattered^ 
granules;  e.  t  red.  L.  l-4d2" ;  R  '. 
aB  Clostertum  Cylindrus(Ekr^,  DysMne* 
Hum  CyliMbus  (Nag.).    G.R,  L,  F.,  G. 
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P.  ammlatum  (Niig.  8p.V — ^Frond  mi- 
nate,  scarcely  twice  as  long  at  broody 
eyimdrical  or  tubeUyftiCf  mdee  and  ends 
hroadhf  rounded^  rough  with  minute  gra^ 
nulee  arranged  in  transverse  Unes^  which 
giye  a  minutely  denticulate  appearance 
to  the  margin,  except  at  a  very  narrow 
central  annular  space,  where  they  aro 
absent,  thus  imparting  a  somewhat  con- 
stricted appearance ;  e.  y .  circular,  margin 
minutely  granulate.  s2>yi;pAtinc^m  on- 
nulatum  (rt ag.).    L,  G. 

2  *  Empty  frond  smooihy  colourless, 
P.  Digitus  (Br6b.  V — ^Frond  large,  stout, 
smooth,  three  or  io\a  times  as  long  as 
broad,  dliptic '  oblong,  sides  and  ends 
broadly  rounded ;  endochrome  in  obscure 
emd  undulated  fiUetSf  interrupted  only  by 
thepaie  central  transverse  band,  and  hay- 
ing no  dear  space  at  the  extremities. 
L.  1-81";  R  1-299".  =  Closterium  Digitus 
(Ehr.),  Penium  oblongum  (De  Boxy)? 
G.R,  L,  F.,  a,  U.S.A. 

P.  lameOosum  (Br6b.).~Frond  large, 
stoat,  smooth,  about  four  limes  as  long 
as  broad,  gradually  contracted  at  the 
mideOey  and  tapering  to  the  extremities, 
ends  somewhat  truncate ;  endochrome  in 
obscure  and  undulated JUlstSy  in  transyerse 
view  radiate,  its  rays  diyiaed,  and  hay- 
inir  no  dear  space  at  the  extremities. 

p.  NageUi  (Br^.  in  litt).  — Frond 
large,  stout,  smooth,  about  four  times 
longer  than  broad,  oblong,  not  contracted 
atwe  middle,  gradually  tapering  to  each 
extremity,  siaes  nearly  straight,  ends 
broadly  truncate;  endochrome  arranged 
in  interrtqfted  divided  planes  radiating 
from  the  central  axis,  in  £  y.  being  m- 
dented  somewhat  m  a  pinnatifid  manner, 
the  rays  touching  the  cell  wall,  some- 


timefl  divided,  and  somewhat  dilated 
thereat,  in  transyerse  yiew  radiate,  s 
Cloeterium  (Netrium)  Digitus  (Nag.). 
L,G. 

p.  interruptum  (Rp6b.). — Frond  large* 
stout,  smootn,  three  or  four  times  as  long 
as  broad,  cylindrical,  sides  parallel,  ex- 
tremities  conical,  androundeaaX  the  ends ; 
endochrome  disposed  in  straight,  strongly 
marked  fUets,  interrupted  by  three  trans^ 
verse  pde  bands,  haying  a  rounded,  well- 
defined  dear  space  near  the  ends,  in 
which  are  active  granules.  L.  1-116"; 
B.  1-671".  (in.  &.)  G.R,  I.,  F.,  G., 
U.S.A. 

P.  closterioides  (Ralfe).— Frond  rather 
large,  about  six  times  qs  long  as  broad, 
smooth,  fustform  or  lanceolate,  ends 
broadly  rounded;  endochrome  in  ^tinct 
longitudinal  fillets,  interrupted  only  by 
the  central  transyerse  pale  oand,  wtth  a 
single  longitudinal  series  of  large  granules, 
and  a  rounded  dear  space  dose  to  the 
ends,  in  which  are  actiye  granules.  L. 
1-92";  B.  1-690".    G.B.,  l,  F.,  U.8.A. 

P.  Navieula  (Br6b.). — ^Frond  minute, 
about  three  or  four  times  as  long  as 
broad,  smooth,  fusiform,  ends  Immtly 
pointed',  endochrome  sometimes  in  fil- 
lets, sometimes  scattered,  interrupted 
only  by  the  transyerse  central  pale  band. 
with  one  or  two  large  granules  in  each 
half,  and  a  roimded  clear  space  at  the 
ems,  in  which  are  active  granules.  L. 
1-420";  B.  l-750".=P.-B€r^iim(Archer). 
L,F. 

P.  truncatum  (Br^.). — Frond  minute, 
two  to  four  times  as  long  as  broad, 
cylindrical,  smooth,  ends  truncate.  Spo- 
rangium orbicular,  smooth,  placed  oe- 
tween  the  dehiscing,  deciduous  empty 
fronds.  L.  1-969"  to  1-666" ;  R  1-2212" 
to  1-2100".    G.R,I.,F. 


Genus  SPIROT-ffiNIA  (Br^.)] — ^Frond  elongate,  straight,  cylindrical,  or 
fusiform,  entire,  not  constricted  at  the  middle,  ends  roTinded  or  acute ;  endo- 
chrome  spiral.  (Gelatinous  inyestment  veiy  i^parent ;  cell-division  oblique ; 
firaetification  unknown,  therefore  the  position  of  this  genus  uncertain.) 

*  Endochrome  a  single  spiral  band, 

SPI&OT.SNIA  condensata  (Br^b.^.  — 
Frond  cylindrical,  five  to  ten  times 
as  long  as  broad,  ends  rounded;  en- 
dochrome a  single,  broad,  closely-wound 
unral  band,  its  revolutions  numerous,  L. 
1-208"  ;  B.  1-1048".  (n.  4)  G.B.,  I., 
F.,  G.,  U.S.A. 

8.  muscicola  (De  Bary).— Frond  cylin- 
dri(^  two  to  four  tmies  as  long  as 
broad,    ends   rounded ;    endochrome  a 


single,  broad,  smoothly-defined^  widely- 
wotma  spiral  band,  its  revolutions  very 
few  (one  or  two).  L.  1-142"'  to  1-71"' ; 
B.  l'2S7'".=FiUmoglcea  endoepira  (Kg.), 
CyUndrocystis  endospira  et  Endospira 
truncorum  (Br^.,  KgO.    F..  G. 

S.  eruthrocephala  (Itzigsohn,  Braun). 
Frond  fusiform,  five  or  six  times  as  long 
as  broad,  ends  acute ;  endochrome  ^  a 
single,  rather  narrow  spiral  band,  its 
revolutions  few.  =  &  mmuta  (Thuret, 
Br^.).    F.,G. 
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2  •  Endochrome  in  several  spiral  bands. 

S.  obscura  (Ralfs). — Frond  cylindrical 
or  fusiform^  five  to  eight  times  longer 
than  broad,  extremities  attenuated,  ends 
blunt ;  endochrome  in  several  slender  tpi^ 


ral  bandSf  their  rerfdktUom  two  or  tkntj 
somedmee  scattered,  leaving  a  ck«r  «pM 
at  each  extremity,  in  whi^  there  it 
sometimes  a  free  granule.  L.  l-MV  to 
1-228";  R  I-IOS)"  to  1-907".  G.E, 
I.,F. 


C.  Cells  stipitate. 

Genus  COSMOCLADIUM  (Breb.).  —  Cells  rounded,  compressed,  deeply 
eonstricted  at  the  middle,  stipitate. 

CosMOCLADiUM  pulchellum  fBr^b.). —  •  markable  plant,  discovered  by  M.  de 
Stipes  dendroid,  dicnotomouslyDranched,  Br^isson,  not  knowing  as  yet  anvthisg 
hy wine,  with  a  slight  intermeoiate  thick-  |  as  to  its  mode  of  growth  or  developmait 


ening  between  the  cells ;  ceUs  terminal 
and  axillary,  green,  segments  elliptico- 
reniform,  smooth  (^ni.  63).     F. 
We  here  provisionally  place  this  re- 


The  cells,  if  detached  from  the  sdpes, 
would  scarcely  be  distinguishable  wm 
those  of  Cosmarvum  biocukdum. 


D.  Cells  aggregated  into  families,  forming  fasclctdi  or  faggot-like  bu¥hdU$. 

Genus  ANKISTRODESMUS  (Corda).— Cells  minute,  smooth,  elongat«l 
attenuated,  aggregated  into  families  forming  fasciculi  or  faggot-like  hundlea, 
each  family  resulting  from  the  self-division  of  a  single  cell,  whidi  commences 
by  the  formation  of  a  somewhat  oblique  septum  at  the  middle,  eventoally 
rendered  more  and  more  oblique  from  the  young  cells  growing  alcMigside  one 
another  longitudinally  until  they  each  attain  the  length  of  the  original  parent- 
cell,  the  process  being  again  and  again  repeated  by  each  till  the  aggregated 
family  consists  of  at  most  thirty-two  colls,  the  family  finally  again  breaking 
up  into  single  cells.  No  other  propagation  known ;  ^e  position  of  the  gssiTJ& 
is  therefore  doubtfril. 


ANKI8TRODKSMT7S  faJcotttS  (Ralfe). — 

Cells  very  slender,  arcuate  (rarely  straight 
or  sigmoid),  gradually  attenuated,  ends 
acute.  L.  l;iS)";  B.  1-7353".  (i.  35, 36.) 
ss  Rhaphidium  faseiculatum  (Kg.,  Nag.). 
G.B.,  t,  R,  a,  Italy. 

A.  eonvohdus  (Corda).  —  Cells  much 
curved,  crescent-shaped,  somewhat  ra- 
pidlv  attenuated,  ends  subacute. =i2Aa- 
phidium  minutum  (Nag.).  I.,  F.,  G. 
We  have  met  with  a  plant  (gathered 
near  Dublin)  which  we  now  (though 
doubtfully)  refer  to  this  species,  in  which 
we  noticed  self-division  of  the  cells,  in 
an  at  first  oblique,  finally  longitudmal 
manner,  very  much  the  same  as  that 
described  by  Nageli  {EinzeU,  Alg,)  for  the 
preceding  species,  and  introduced  into 
the  generic  character.     The  cells  in  our 


plant  are  not  ^uite  so  much  curved  ae  in 
Nageli*s  drawing  of  this  spede^^  and  are 
rather  more  acute  at  the  extiemitie?: 
we  have  not  noticed  the  fiiscicuh  to  be 
composed  of  more  than  8  cells,  frequoitlT 
of  2  or  4  j  and  while  so  combined  thec«j& 
all  look  in  the  same  direction,  the  am- 
cave  surfiEice  of  the  one  being  a^^died  to 
the  convex  sur&ce  of  its  nei^boor. 

A.  contortus  (Thuret). — Cells  filend«r. 
arcuate  or  sigmoid,  somewiiat  gently  in- 
flated at  the  centre,  ends  drawn  oat'loDg 
and  very  fine.    F. 

[^Scenodesmus  dt^Usx  (Halfe)  is  jAaee^ 
in  this  genus  by  KUtzing  aind  Nieeh 
imder  the  name  of  Rhaphi<JUmn;  Utat 
plant  mav,  howev^,  be  the  edl  of  an 
Ankistrodesmus  undergoing  division.] 


Subfamily  PEDIASTREJE  (page  24). 

•  We  shall  not  attempt  to  give  anything  but  a  very  provisional  diagnosis  of 
the  genera  here  included  under  the  above  title  (which  have  long  been  asso- 
ciated with  the  Desmidiaceae,  and  chiefly  for  that  reason  finding  a  jJace  in 
the  present  work),  as,  so  far  as  we  can  judge,  it  is  not  yet  determined  whethff 
they  should  remain  united  ^with  the  Palmellacea),  to  which  Uiey  have  been 


Digitized  by  VjOOQ IC 


OF  THE  PEDIAfiTTRSJI. 


763 


efi^rred  by  Nageli^  or,  with  some  few  other  Algse,  form  a  distinct  group  near 
^almellaceflSy  and  perhaps  YolvocineflB.  They  cannot,  we  think,  continue 
o  l>e  considered  as  belonging  to  the  Desmidiacese.  For  the  purposes  of  the 
tres^t  work,  howeyor,  as  they  are  introduced,  we  shall  just  indicate  that 
he  genera  here  described  under  the  aboye  head  agree  in  the  following 
liaracters: — 

Cells  combined  into  a  definitely  formed  frond  or  family,  often  either  ex- 
emally  notched  or  attenuated,  sometimes  spinous,  not  undergoing  complete 
elf-£flsion  in  the  same  direction  into  two  perfect  cells,  but  propagating  by 
\he  repeated  segmentation  of  the  contents  of  the  old  cells  into  a  definite 
lumber  of  portions  or  "  gonidia,"  which  are  either  still  or  for  a  time  motile, 
md  -which  are  either  arranged  according  to  the  typical  plan  within  the  parent- 
ally and  by  its  bursting  set  free  as  a  new  frond  or  family,  or  become  so 
u-nuiged  without  the  parent-cell,  but  still  inyolyed  in  its  inner  membrane, 
the  whole  having  emerged  by  a  transverse  fissure. 

We  are  disposed  to  think  that  here  Hydrodictyon  should  come ;  for  though 
in  this  plant  the  development  of  the  active  gonidia  is  simultaneous,  not 
sacoessional,  as  in  Pediastrium,  Pringsheim  alludes  to  the  gonidia  in  Coelas^ 
trmn  sphctncum  (which  indeed  are  still)  as  either  the  one  or  the  other. 
Crudagema  quadrcUa  (Morren)  ss/Stauro^enia  quadrata  (Kg.),  seems  to  pro- 
pagate by  complete  self-fission,  and,  gonidia  not  being  described,  we  believe 
cannot  belong  here.    As  to  Spluerodesmus  (Nag.)  information  is  wanting. 

Genus  SGENODESMUS  (Meyen). — ^Frond  or  family  composed  of  from  two 
to  eight  oblong  fusiform  or  elliptic  cells,  eormected  into  a  single  or  double 
contiiMuna  row;  propagating  by  means  of  the  repeated  segmentation,  in 
parallel  planes  in  one  or  two  directions,  of  each  of  the  cell-contents  into  one 
or  more  brood  &milies  (not  motile),  set  free  by  the  bursting  of  the  parent- 
ceUwalL   (Nag.) 

that  spine  at  the  same  side  of  the  frond 
with  tnat  belonging  to  the  central  cells 
also  directed  inwaras,  the  other  directed 
outwards,    F. 

S.  antenn€Ut4s  (Br^.).  —  Cells  in  a 
siDgle  or  double  row;  fusiform,  or  semi- 
lunate,  ends  (mmidate,  and  each  terrmnated 
hy  a  minute  orbicular  globule.    F. 

8.  dimorphue  (Kg.). — CeUs  in  a  single 
row;  narrow,  attenuated,  and  pointed  at 
the  ends;  the  central  in  apposition  the 
most  of  their  length,  the  outer  externally 
lunate.  L.1-1020"  to  1-900";  B.  1-8160". 
ssAchnanthes  dimorpha  (Turp.),  &  pec^ 
tmatus  (Meyen),  Arthrodemms  pedmatus 
(Ehr.).    G.B.,I.,F.,G. 

8.  acutus  (Meyen).  —  Cells  in  alter- 
nating rows;  the  central  fusiform,  in 
t^pposttion  only  at  their  middle,  the  outer 
sometimes  externally  lunate.  L.  1-1663" 
to  1-1060";  B.  1-6250"  to  1-6181".  « 
Arthrodesnnis  acutus  (Ehr.),  S.  acutus  et 
obkjuus  (Eai&).    G.B.,  L,  F.,  G.,  Italy. 

8.  obtusus  (Meyen). — Cells  in  one  or 
two  rows,  all  ovate  or  obtonOf  ends 
rounded.  L.  1-2831"  to  1-1961";  R 
1-4096"  to  1-3623".  (i.  37,  38,  89.) 
G.R,  I.,  F.,  G.,  U.S.A. 

3c 


ScKNODBSMUS  quodricaudu  (Ral&). — 
C^ls  in  a  single  low ;  oblong,  rounded  at 
their  ends;  external  ceUs  (sometimes 
more  turgid  than  the  others)  yumuA^ 
at  each  extremitff  unth  an  eUmgate,  often 
furvedy  acute  spme  or  bristle,  sometmies 
with  another  from  the  centre  of  the 
outer  margin.  L.  1-1121";  B.  1-2631". 
(i.  40,  41y  4^)ssAchnanthe8  quadricauda 
(Toip.),  Arthrodesmus  quadricaudatus 
(Ehr.),  Seenedesmus  caudatus  (Corda, 
Kg.)y  &  quadricaudatus  (Hass.).  G.B., 
I.,  F.,  O.,  U.8.A.  3.  central  ceUs  fur- 
nished at  one  of  tneir  ends  with  an 
elongate,  acute,  cunred  spine  or  bristle, 
each  half  of  the  frond  being  so  furnished 
at  oppoeite  sides,  sometimes  the  central 
cells  being  also  furnished  at  their  oUier 
ends  wim  a  yery  short,  minute  spine. 
=rA  Ndge^CBtA,).  (i.42.) 

S.  ditpar  (Br^.).— Cells  two  or  four, 
akernatrngy  oblong,  blunt  at  the  ends; 
when  four  the  central  cellfe  at  one  end  at 
^ppomte  aides  of  the  frond  furnished  with 
i  short  acute  mucro-like  dejected  spine, 
tack  spine  directed  inwards ;  when  either 
two  or  four,  the  external  cells  with  a 
similar  spine  at  both  ends;  when  four, 
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8.  dupiex  (Ralfii). — Cells  two,  dender, 
tweringy  sigmoidf  acute,  placed  side  hy 
tide  for  about  half  their  lefwth.ssEhaph*- 
tUum  duplex  (Kg.),  nee  o,  moniliformis 


(duf^)  (Kg.).  G.R,  G.  This  pljuit 
possibly  represents  a  cell  of  an  Ankis- 
trodesmus  dniing  division. 


Genua  PEDIASTRUM  (Meyen). — ^Frond  or  femily  plane,  circular,  elliptic, 
or  irregular,  composed  of  several  cells  (a  multiple  of  four),  forming  by  tli^ 
union  a  JiaUened  star-like  group,  generally  arranged  in  more  or  less  eon- 
centric  circular  series,  marginal  cells  externally  bipartite  or  entire ;  i»opa- 
gating  by  <'  macrogonidia,"  which  are  subglobose,  formed  by  repeated  Innaiy 
division  of  the  cndochrome  of  each  of  the  parent-cells  of  the  old  frond,  2,  4, 
8, 16, 32,  or  64  (even  128)  in  number,  and  making  their  exit  by  a  transverse 
fissure  from  the  parent-cell,  involved  in  its  inner  membrane,  within  whidi 
for  a  time  they  actively  move,  presently  settling  down  and  arranging  them- 
selves into  a  new  frond ;  **  microgonidia  **  produced  in  the  same  manner,  but 
shortly  rupturing  the  confining  membrane  and  swimming  freely  away,  their 
fate  unknown  (Braun). 


♦  Lobes  of  the  outer  cells  two,  deeply 
eniargmate  or  truncate, 

Pemastrum  Tetras  (Ealfo).— Frond 
very  minute ;  cells  four,  their  interstices 
forming  a  cross,  their  outer  margin  bi- 
lobed,  angles  acute.  L.  1-2941'':  R 
1-2272*'.  (n.  27.)  =  3£icrasterias  Tetras 
(Ehr.),  P.  hiradiatum  {Tetras)  (Kg.). 
G.R.  I.,R,G.,U.S.A. 

P.  heftactis  (Mene^h.). — ^Frond  minute; 
cells  eight  (seven  disposedin  a  single  series 
round  a  central  one),  bilobed,  angular. 
L.  1-2900":  B.  1-2«K)".  =  Micrasterias 
hmtactis  (Ehr.^,  Euastrum  hexagonum 
(Corda),  P.  s^nmlex  (Hass.),  P.  Wra- 
diatum  (heptacOs)  (Kg.).  G.B.,  L,  F., 
G.,U.S.A. 

P.  biradiatum  (Menegh.). — ^Iniier  cells 
subquadrilateral^  with  a  Imear  notch,  the 
outf»r  quadrilateral  or  somewhat  euneate, 
approximate  for  their  entire  length,  ex- 
ternally deeply  binartite,  their  mcisions 
narrow,  the  suboivisions  truncate  or 
troncato-emarginate.  L.  1-1200^'  to 
1-2660" ;  R  1-1764"  to  1-2040".  »  J«- 
crasterias  J^o^uAi  (Ehr.),  P.  biradiatum 
(Itoiula)  (Kg.).  This  with  the  two  pre- 
ceding may  possibly  make  but  one  true 
species.  P.  JShrenbergH  (Braun.).  (i,  62.) 
G.B.,  I.,  F.,  G.,  U.S.A. 

P.  Hotula  (Ehr.  emend.  Braun).  — 
Inner  cells  with  a  wide  notch,  and  sepa- 
rated by  wide  lacunae,  the  outer  subqua- 
drilateral,  approximate  oniy  at  their  bases, 
which  are  nearly  square,  externally  deeply 
bipartite,  their  incisions  broad,  tne  sub- 
divisions narrow,  inciso-dentate.    F.,  G. 

P.  caudatum  (Braun).  —  Imier  cells 
pentagonal  or  hexagonal,  with  a  deep 
linear  notch,  the  outer  qundrangxdar, 
externally  deeply  bipartite,  the  subdivi- 


sions truncate,  very  sUghth  coneace  at 
the  centre,  and  furnished  at  tAe  angles  with 
a  very  minute,  short,  bristle^Uke  spine. 
^  P.  Itotula  (Sig.).    G. 

2*  Lobes  of  the  outer  ceBs  two,  entire, 
attenuated, 

P.  SdenM  nS^.).  —  (M\&  creacaA- 
shaped,  arrangea  in  one  or  more  circles 
round  one  or  two  central  ones,  cmmedting 
medium  coloured,  s  P.  elegans  (Haas.), 
P.  lunare  (Hass.).    G.B.,  F.,  G. 

P.  gractte  (Braun).  —  Frond  minute, 
of  four  or  six  cells  (four  external,  with 
or  without  two  central  cells);  marginal 
cells  deeply  bipartite ;  subdiviaicms  ovate, 
Ui^ering  to  a  poinL  L.  1-1020" ;  R 
\-\e^".^IRcrasterias  Coromtla  (Ehr.), 
P.  Napoieoniis  (Hass.,  Menegh.,  Ka.,  nee 
RalfB),  P.  «iify2e«  (Ral&).    G.b7f.,G. 

P.  pertusum  (Kg.).  —  Cells  airanged 
in  drdee  round  one  or  two  central  ones; 
inner  cells  quadrangular,  aides  concaTe 
and  leaving  angular  vacant  intervals;  the 
outer  cells  with  square  ftoMs,  externally 
triofigularly  notched,  the  subdivisions  ta- 

r'ng  to  an  acute  point.  L.  1-2206" ; 
1-3268".  s  Micrasterias  Boryana 
(Ehr.),  P.  trieycUum  (Hass^,  P.  emargi- 
natum  (pertusum)  (Kg.),  G.B..L,F.,G. 

P.  granulatum  (Kg.).  —  Cdls  eight, 
rough  with  mmute  granules,  six  cells 
arranged  round  two  central^  the  inner 
subquadrate,  l^e  outer  having  two  tM>er- 
ing  lobes.  L.  1-2000"  ;B.  1-1860", 
OR,  I.,  F.,  G. 

P.  JVopoidonw  (Menegh.  ).—0dl9  eight, 
six  arranged  round  two  c^titnd,  the  inner 
variable,  the  outer  having  two  cuspidate 
lohes,  the  notch  wide.  (l62.)  L.  1-1670^ 
to  1-1488";  R  1-1818"  to  1-1088". »P. 
Aaroc^  (Hass.).    G.R,  G. 
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P.  Boryemum  (Meneg^.).  —  Cells  ar- 
ranged in  one  or  more  drclee  round  one 
or  two  central ;  the  inner  Tariable,  gene- 
pJl^  concave  at  one  side,  the  outer  taper- 
ing into  two  knw  tubuiaie  pomiSf  the  notch 
narrow.  L.  1-2083"  to  1-1633";  B. 
1-2738"  to  1-2222".  (l  60,  60,  61,  68, 
69,  microgonidia.)  =  micrtuterias  Bon/' 
ana  (Ehr.),  P,  gubuk/erum  (Kg.),  P.  cm- 
datum  (Kf.),    G.R,  I.,  F.,  G.,  U.S.A. 

P.  ell^tu:um  (Hass.).  —  Cells  varying 
in  number  and  arraujo^ement ;  outer  cells 
Muddetdy  contracted  %tUo  two  shorty  cyUn- 
drical,  obttue  processes,  L.  1-1754"  to 
l-«Oe"  J  B.  1-1615"  to  1-1020".  ft  pro- 
ceeees  of  the  lobes  Iruncato-emarginate. 
^Mitrattenas  eUiptiea  (Ehr.),  P.  vfuum 
(Kg.),  P.  eonstrictum  (Hass.,  Kg.),  P  In- 
deniuiatum  (BraunV   G.B..  I.,  G.,  U.S.A. 

P.  anfuiosum  (Menegh.).  —  Cells  ar- 
ranged m  one  or  more  circles  round  one 
central,  the  inner  cells  roundly  angular, 
the  outer  obliquely  ttimcate,  emargmate, 
tke  aabdmsions  not  tapering  into  rays, 
K  1-2782";  B.  1-1942".  »  Mierasterias 
anguiosa  (Ehr.).    G.B.,  R,  G. 

3*  Outer  cdls  with  onltf  one  attenuated 
lobe  (Monactmus). 

P.  wn^plex  (MeyexO* — Cells  eighty  in  a 
single  series  surround(ing  a  central  vacant 
interval,  narrono^oioaie  or  lanceolatey  very 
gradually  tapering,  acuminate,  approxi- 
mate oiuy  at  their  bases.  ^Monactinus 
mmptex  (Kg.)>  ^'  sinqdex  et  aeutangulus 


(Corda),  M,  octonarms  (BaiL)  ?  P.,  G., 
U.S.A.  There  seems  to  us  to  be  some 
doubt  as  to  the  absolute  distinctness  of 
this  and  P.  gracHe  (Braun),  as  it  is  pos- 
sible the  four  deeply  bipartite  external 
cells  of  the  latter  may  have  been  mis- 
taken for  eight  simply  attenuated  cells 
AS  described  for  P.  stmplex  (Meyen). 

P.  duodenarium  (Bailey,  sp.).  —  Inner 
cells/our,  somewhat  triangular,  enclosing 
a  central,  auadrate  vacant  interval,  ana 
four  broadly  lanceolate  vacant  intervals 
between  them  and  the  outer  series,  to 
which  they  are  united  by  their  tenmnal 
angles ;  outer  cells  twelve,  subovate, 
truncate  below,  much  attenuated,  acu- 
minate. B  Monactinus  duodenarius  (JBaiL). 
U.S.A.      . 

P.  ovatum  (Braun). — Cells  orate,  ter- 
minating in  a  long,  acute  point,  granu^ 
late,  arranged  in  two  series,  inner  three, 
outer  ten.  ^Asterodictyon  ovatum  (Ehr.), 
Monactinus  ovatus  (Kg.).    G. 

P.  Triangulum  (Braun). — Cells  trian- 
gular, smooth,  arranged  in  three  series, 
the  centre  vacant.  Asterodictyon  Trian' 
gulum  (Ehr.)  s  Monactinus  triatwulum 
(Kg.)-    G. 

4*  Outer  cells  not  lobed  (Anomopedium). 

P.  integrum  (Nag.). — ^Frond  irregular, 
cells  rounded  or  bluntly  ana^ular ;  outer 
cells  not  emarginate,  generally  possessing 
externally  two  short  mucro-like  spines 
(1.46,47,48).    G. 


Genus  OCELASTRUM  (Nag.).— Frond  or  family  hollow,  globular  or  sub- 
cabical,  compoeed  of  polygonal  (or  spherical)  cells  united  in  one  layer  into  a 
hollow  elathrate  net-like  family,  the  cells  drawn  out  on  the  exterior  into  one 
or  more  lobes,  or  simply  spherical ;  propagating  by  the  segmentation  of  the 
oeU-contents  into  a  definite  number  of  portions  which  become  arranged  into 
a  hollow  yoong  frcmd  resembling  the  parent,  ultimately  set  free  by  the 
borsting  d  the  parent-odl. 


CosLAsntuH  sph€ericum  (Nag.).  — 
Fronds  spherical  or  oval ;  cells  hex- 
agonal, curawn  out  externally  into  a 
blunt  cone,  interstices  5-6-angular.  (l 
49,50,61.)    G. 

C.ci«6tet«ii  (Nag.).~Frond  subcubical, 

Genus  SOBASTRTIM  (Kg.).— Frond 
enneiform  or  oordate  cdls,  somewhat 
famili£9,  their  nonrow  ends  meeting  in 
or  divided.    Propagation  unknown. 

SoRASTRVM  spmulosum  (Nag.).— Ex- 
ternal margins  of  the  cells  dilated, 
slightly  emarginate.  the  rounded  angles 
furnii^ied  each  with  two  minute,  acute. 


cells  hexacponal,  drawn  out  extomaJly 
into  two  snort  truncate  projections,  in- 
terstices quadrangular,   (i.  64, 65.)    G. 

C.  mieroporus  (Nag.). — Frond  globu- 
lar, cells  exactly  spherical,  interstices 
minute.    G. 

or  fjBinily  $oUdy  g^obnlar,  composed  of 
compressed  and  united  into  globular 
the  centre  and  outwardly  emarginate 

subulate  spines,  (i.  56,  57,  68.)    G. 

S.  echinatum  (Kg.).  —  External  mar- 
gins of  the  cells  deeply  bifid,  the  sub- 
divisions subulate.    G. 

3c2 
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Sub-group  DIATOMEjE  or  DIATOMACE.E. 

(Page  31,  Plates  IV.  to  XVH.  and  part  of  n.) 

[For  reference  to  the  species  figured  in  this  work,  see  Index  of  Diatomaceie 

illustrated.] 

Frustitles  or  cells,  either  simple  or  pseudo-uniceUular  by  complete  separa- 
tion, or  united  in  tablets  or  filamente,  Punished  with  a  sculptored  siliceous 
coat  in  three  portions,  a  median  one  (connecting  zone)  and  two  lateral  ones 
(valves)  united  by  distinct  sutures;  internal  substance  ydlowidi-brown 
(rarely  olive-brown) ;  reproduction  by  conjugation  and  subsequent  formatioa 
of  sporangia. 

llie  general  history  of  the  Diatomaoese  has  been  so  fully  treated  of  in  the 
first  part  of  this  work  (p.  31)  that  it  is  here  only  necessary  to  explain  some 
terms  used  in  the  descriptions. 

The  Diatomaceee  differ,  in  several  respects,  so  widely  from  acknowledged 
Algae,  that  in  our  opinion  they  may  be  regarded  rather  as  an  order  related  to 
the  Algse  than  as  a  family  belonging  to  them. 

The  siliceous  covering  is  composed  of  three  portions.  The  central  one  is 
sometimes  called  '<  connecting  membrane"  and  "  dngnlum;"  we,  however, 
prefer  Professor  Amott's  term,  **  connecting  zone,"  as  less  likely  to  mislead. 
The  lateral  or  junction  surfaces  correspond  to  the  septa  of  a  Conferva,  and  are 
called  valves. 

The  late  Professor  Smith  considered  the  central  portion  unessential  and 
prodttccd  only  preparatory  to  self-fission.  We,  on  the  contrary,  regard  it  as 
of  great  importance,  and  quite  unknown  in  the  true  Algas.  It  is  conspicuous 
in  tho  conjugating  and,  consequently,  mature  frustules;  and  we  think  ^e  con- 
clusion illogical  that  it  has  no  systematic  value  because  obscure  in  newly- 
formed  frustules.  It  is  evidently  essential  in  Diatoms  with  flat  valves,  since 
otherwise  there  could  be  no  cavity  to  contain  internal  matter. 

We  use  tho  term  **  front  view "  to  denote  that  position  of  the  frustulc 
when  the  connecting  zone  is  ftilly  presented  to  the  eye,  and  **  side  view " 
when  the  centre  of  i£e  valve  is  in  a  similar  position.  When  we  speak  of  the 
<<  valve,"  unaccompanied  by  a  qualifying  epithet,  it  must  be  understood  as 
identical  with  "  side  view." 

'<  Longitudinal "  means  in  the  direction  of  the  connecting  zone,  and 
'^  transverse  "  in  the  opposite  direction  uniting  the  valves.  When  so  i^q[died 
to  the  frustulo  of  a  Diatom,  these  terms  acquire  a  meaning  exactly  the  revene 
of  that  in  which  they  are  used  when  applied  to  the  joint  of  a  Conferva  and 
the  frond  in  the  DcsmidiesB.  For  example,  the  frustule  in  some  Diatoms  and 
the  frond  in  Closterium  are  both  described  as  longitudinally  lunate,  whilst 
they  are  really  extended  in  opposite  directions :  unless  the  change  in  the 
meaning  of  the  terms  be  remembered,  an  idea  of  similarity  will  be  conveyed 
which  is  altogether  erroneous. 

The  valves  are  seu^tured,  oellnlose,  or  striated ;  the  apparent  absence  of 
strisB  in  some  instances  may  be  accounted  for  by  their  extreme  delicacy 
placing  them  beyond  the  reach  of  our  instruments,  since  the  greater  the 
penetration  of  the  object-glass,  and  the  more  perfect  the  illumination,  the 
greater  is  the  number  of  species  found  to  possess  them.  When,  therefore,  we 
use  the  terms  '^  smooth  "  and  *^  very  smooth  "  in  definitions  taken  fr^m  foreign 
works,  they  must  be  understood  to  mean  only  that  the  strias  were  too  fine  to 
be  ascertained  by  the  microscope  of  the  describer. 
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The  word  "transverse"  is,  fop  the  sake  of  brevity,  omitted  before  strieD  in 
the  definitions,  but,  unless  the  contrary  be  expressed,  it  must  always  be 
understood. 

When  the  frnstules  are  lunate  or  curved,  the  convex  margin  is  called  the 
dorsum  and  the  opposite  the  venter. 

We  have  not  mentioned  the  Sporangia  in  the  generic  and  specific  descrip- 
tions, because  the  examples  recorded  are  too  few,  and  that  condition  is  too 
seldom  met  with  to  be  practically  useful.  With  respect  to  the  general 
history  of  the  Diatomacee,  the  importance  of  Mr.  Thwaites's  discoveries  can 
scarcely  be  overrated  (see  p.  61).  We  consider  it,  however,  desirable  to  point 
out,  that  whilst  the  similarity  of  their  conjugating  process  to  that  of  the 
Desmidiese  affords  a  powerful  argument  in  support  of  tiie  vegetable  nature  of 
the  Diatomaceee,  the  widely  different  characters  of  their  sporangia,  not  merely 
in  form  but  in  subsequent  changes,  furnish  irresistible  evidence  of  the  pro- 
priety of  separating  the  DesmidiesB  from  the  Diatomacese.  The  resemblance 
of  the  reproductive  bodies  in  the  latter  to  the  parent  frustnles,  and  their  con- 
tinuous growth  and  increase  by  self-division,  is  so  unlike  what  we  find  in 
the  sporangia  of  the  Desmidieee  and  ConjugatsB,  as  to  appear  more  like  an 
<'  alternation  of  generations  "  than  examples  of  true  sporangia. 

The  first  attempt  at  a  scientific  arrangement  of  the  Diatomaeese  was  by 
G.  A,  Agardh  in  tiie  *  Conspectus  Criticus  Diatomacearum.'  He  distributed 
them  into  three  families — Oymbellefle,  Styllariese,  and  Fragilarie®,  according 
to  the  form  of  their  frustules.  He  considered  that  in  each  family  the  frus- 
tules  might  be  free,  stipitate,  united  into  a  filament,  or  enclosed  in  a  frond. 
This  system  was  greatly  extended  and  improved  by  Professor  Kiitzing ;  and,  as 
we  bdlieve  his  arrangement  (p.  101)  is  the  best  and  most  natural  yet  pro- 
posed, we  have  used  it  in  this  work,  admitting,  however,  some  judicious 
alterations  proposed  by  Men^hini  and  others.  It  i»  true  we  do  not  meet 
with  examples  of  the  four  conditions  in  each  family ;  but  they  may  fairly  be 
anticipated  to  occur,  and  their  absence  regarded  as  lacunsB  likely  to  be  filled 
up  by  future  discoveries.  We  have  thus  brought  t(^ther  nearly  allied  genera ; 
for  it  is  often  difficult  to  distinguish  a  Eimotia  fit)m  a  Himantidium,  a  Tri- 
ceratium  from  an  Amphitetras,  a  Cymbella  from  a  detached  Cocconema,  and 
an  escaped  frustule  of  Colletonema  from  a  Navicula.  The  arrangements  of 
Ehrenberg  and  Smith  we  regard  as  far  inferior, — separating,  as  they  do,  such 
nearly  allied  forms.  Indeed  the  fame  of  tiiose  eminent  observers  must 
depend  on  their  intimate  knowledge  of  genera  and  species,  and  on  their 
d^mitions  being  superior  to  those  of  their  predecessors,  and  not  on  their 
primary  divisions.  We  feel  persuaded  that,  but  for  his  lamented  death. 
Professor  Smith  would  have  been  led  by  increased  acquaintance  with  the 
Diatomaceffi  to  modify  his  views  in  that  respect  in  a  fatoie  edition  of  his 
valuable  and  beautiful  work  on  the  British  Diatomaceas. 

ANALYSIS  OP  THE  FAMHiIBS  OF  DIATOMACEiE. 

A. 

Yalres  with  central  nodule  and  median  longitadinal  line B. 


1. 

2. 
3. 
4. 


with  umbilioua  or  peeodo-nodule  and  radiant  lines  or 

cellulee 12 

without  a  central  nodule 2 

"Frustulee  in  ride  Tiew  lunate  or  arcuate  3 

,,             „             with  symmetrical  margins   6 

'  Yalyee  dissimilar Btbiatbllea. 

„      similar 4 

'  Yi^Tes  celluloee,'without  transTerse  stria Akoulifirji. 

notoellulose ,   •••  ^ 
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^  r  Talyet  with  penrioos  ooftfQ  or  flbis ^ EcvonBO. 

^'1  „         a  longitudinal  line  or  keel SpinrMJja 

'  Frustules  cuneate  in  the  front  Tiew 7 

„        not  ouneate  in  the  front  Tiew    11 

Frufltules  fr«e ;  yalreB  with  alas SransLUL 

„        attached  or  united  in  filamentB;  Talyes  without  alie  ...  8 

Valree  dotted,  dots  not  forming  Btri»  SccaMru. 

„      not  dotted,  or  the  dots  arranged  in  transrerae  lines 9 

Frustules  radiating  frt>m  a  common  centre;  yalyes  obovate  or 

dayate    10 

not  radiant;  valyes  with  ■rmmetrical  ends Fbagilauxa. 


10. 
11 
12. 

13. 

14. 
15. 
16. 

17. 

18. 

19. 

20. 

21 
22. 

23. 

24. 
25. 
26. 


''  Frustules  in  front  yiew  with  lonntuoUnal  yittss lAcmoraoamM, 

„                 „           without  longitudinal  yittsB  (oostae  per- 
vious)      IflEnWKJL 

'  Connecting  zone  (annulate)  witii  imperfect  internal  septa 8tkiitkllb& 

„  „     without  internal  septa    H 

'  Lateral  yiew  with  3,  or  more,  angles  or  lobes Amqcufblm. 

„     circular  17 

„     neither  angular  nor  circular 13 

Yaiyes  not  conspicuous  in  front  yiew,  which  is  mostly  kmger 

than  broad 14 

compressed,  inflated,  oonspieuous  in  front  yiew,  whioli  is 

mostly  broader  than  long 15 

/  Yaiyes  with  a  longitudinal  line Suribbllul 

without  a  longitudinal  line    Fragilakiba 

'  Yaiyes  in  front  yiew,  rectangular,  wiUi  transyerse  capitate  yittas  .  TwMnaotM, 
„  „  with  produced  angles,  processes,  cnr  spines  16 

/  Yaiyes  cellulose,  symmetrical BTDmjhtmMM. 

„      not  cellulose,  mostly  dissimilar Oojoocemem, 

'  Frustules  saddle-shaped;  yaiyes  mostly  with  longitudinal  blank 

space   Camftlomsctil 

.,        not  saddle-shaped;  central  blank  space  (if  any)  orbioolar  16 

Yaiyes  cellulose  19 

notcdlulose Ifia^OHiwia 

Frustules  simple ;  lateral  yiew  more  conspicuous  than  front 20 

,        either  united  into  filaments  or  front  yiew  broader  than 

lateral Mjbumdu. 

Yaiyes  frimished  with  proiecting  processes  KuFOoncsA. 

„      without  processes,  but  sometimes  with  minute  tee&  CoacnoMSCBb 

B. 

/  Only  one  yalye  with  a  central  nodule  22 

Both  yaiyes  with  central  nodules  S 

'  Frustules  adnate,  notgenuflezed  Coccovm»B& 

„        not  adnate  (often  stijntate),  genuflezed    AcHKAjmauL 

Frustules  cuneate  in  front  yiew ;  yaiyes  usually  witii  «ti— wwilmi- 

ends QtomrmfmrnatL 

,,        not  cuneate ;  yaiyes  with  symmetrical  ends   S( 

^  Median  line  rib-like  and  distinct ;  nodules  diatinot % 

„         not  rib-like ;  nodules  mostly  obscore 3 

^  Side  yiew  lunate;  nodule  mostly  ezcen'tnb^ 26 

„         not  lunate  (rarely  Innately  cmrydd)<;  aiodule  central ...  NAyicruLB. 

/Yaiyes  yentricose,  striie  not  decussating  Ctmbbllea. 

not  yentricose,  stria  decussating Tozojudba. 

0. 
Indiyiduals  of  one  piece,  with  radiating  spines  AcTTunscsjL 

Familiss. 
*  Vahei  tmthoui  a  central  nodule. 
Eunotieoe.     Meridiese.     licmophoreee.     FragilariesB.     Sjnedress.    Surirellee.    8tm- 
telleffi.  Terpeinoe».  Biddulphieas.  Anguliferee.  £upodisce».  CoeoinodisceaB.  lieloiirar. 
Ch»tocere». 

2*  V(Uv€s  with  a  median  line  and  a  central  nodule. 
Cocconeideec.    Achnanthcas.    OymbellesB.    Qomphonemeee.    Nayicvles^ 

Aotinisoen. 

Digitized  by  VjOOQ IC 


OF  THS  BUHOn&fi. 


759 


FAMILY  L— EUNOTIELaB. 

Fmstoles  free  or  adnate,  in  lateral  view  lunate  or  arcuate,  with  transverse 
striae  or  coste,  not  intermpted  by  a  central  nodule  or  longitudinal  line.  The 
essential  characters  of  this  group  are  the  lunate  form  of  the  frnstules  in  the 
lateral  view,  and  the  striae  being  continuous  across  the  valve,  and  not  inter- 
rupted by  a  longitudinal  line.  It  is  easily  distinguished,  except  from  some 
species  of  Synedra,  which,  however,  are  finear-curved  rather  than  lunate, 
and  usually  have  an  evident  though  faint  longitudinal  line.  Arnphipleura 
infieaea,  which  in  form  more  nearly  resembles  Eimotia,  has  a  longitudinal 
line  passing  down  the  middle  of  the  lateral  valves.  The  Eunotie»  have  one 
sorface  of  their  connecting  zone  flat  or  concave  and  the  opposite  one  convex, 
the  convexity  being  usually  greater  than  the  concavity.  The  lateral  portions 
or  valves  are  either  flat  or  convex ;  in  the  former  case  they  do  not  appear  in 
the  front  view,  and  the  frnstnle  appears  quadrilateral ;  in  the  latter,  on  a 
front  view,  they  have  an  oval  form.  like  most  Diatomacese,  the  connecting 
sone  has  two  puncta  at  each  end. 

Genus  EPITHEMIA  (K.). — ^Frustules  Innately  curved  in  lateral  view,  and 
famished  with  transverse  internal  ribs  (canals,  Bm.) ;  usually  adnate  by  the 
flat  or  concave  surface  of  the  connecting  zone,  and  not  by  one  of  the  lateral 
Talvee,  like  Cocooneis.  The  lateral  view  has  strongly-marked  transverse  lines, 
whidi  Mr.  Smith,  in  his  beantifnl  work  <  The  British  I>iatomace»,'  calk 
canaHcoU.  We  consider  them  internal  ribs ;  in  fragments  it  is  by  no  means 
diiBcnlt  to  see  them,  as  they  give  a  dentate  appearance  to  the  margin ;  their 
Ibrm  is  somewhat  triangular,  but  we  are  unable  to  detect  any  internal  cavity 
or  canals.  Mr.  Smith,  however,  may  have  used  microscopes  of  larger  angular 
apertore  and  higher  magnifying  powers  than  we  employed.  B^des  these 
ribe,  the  valves  have  transverse  stn»  or  punctated  lines.  The  adnate  frus- 
tnles  and  strongly-marked  ribs  distinguish  Epithemia  from  Eunotia  and 
ffimantidium.  In  the  front  view  the  ends  of  tiie  ribs  frequently  produce  a 
beaatifdl  beaded  appearance.  These  beads  form  two  longitudinal  lines,  and 
are  more  or  less  remote  from  the  margins,  according  to  the  convexity  of  the 
lateral  valves.  They  are  frequently  more  numerous  on  one  side  than  on  the 
other,  and  are  not  all  equidistant,  even  in  the  same  series. 


•  J^rtmi  view  gAbous  at  tke  cfntre, 
eo$t€Bjim. 

EprrHKMiA  ^ri&6a  (R,  K.).— Front  view 
elongated,  linear,  inflated  at  the  centre 
and  ends.  ER  p.  88, 1 4.  £  22.  =  Na- 
vieula  MIhu  £  Infl  p.  184;  Ennotia 
gibboy  £A  &  M,  many  figures.  Fresh 
water.  Common.  Ehrenber^  gives  about 
100  habitats  in  Europe,  Asia,  Australia, 
Africa,  and  America,  (xii.27.)  Stri8a86 
in  -001"  2  cost©  16  in  -OOr.— Distin- 
gaished  W  its  elongated  frustules,  fine 
8tri»,  and  dilated  ends ;  but,  from  its 
nearly  straight  side-view,  its  proper  genus 
may  oe  overlooked. 

E.  rentricoea  (K.). — ^Front  view  ellip- 
tic^  oblong,  with  gibbous  middle ;  valves 
arcuate,  with  gibbous  dorsum  and  atte- 
nuated, acute,  somewhat  incuned  ends ; 
Btrie  fine.    KB.  p.  85,  t.  80.  f.  0 ;  SBl). 


L  pL  1.  f.  14.    Fresh  and  brackish  water. 
Europe. 

E.  angulata  (Perty). — ^Dorsum  turgid, 
sloping  to  the  obtuse  ends ;  venter  con- 
cave at  the  centre,  striae  about  12  in 
1-1200^.  Rab  Diat.  p.  18,  1 1.  f.  la  = 
Eunotia  Jadrabetms,  EM.  pi.  8. 1.  £  8  P 
Switzerland.  Fossil.  Hungary.  Ac- 
cording to  the  figures^  the  frustules 
are  gibbous  or  rhomboid  in  the  front 
view. 

2*  jFVofi^  view  wUh  marginal  head-Uke 
dots  formed  hy  the  ct^pUate  ends  of  the 
eosta  (sCystopleura,  Br4b,), 
R  Argus  (E.,  K.).  —Front  view  rect- 
angular, with  conspicuous  ocelli  termi- 
nating the  stalk-like  costie,  and  having 
distinct  striae  interposed  between  them. 
KB.  p.  86,  t.  29.  f.  55.  =  Eimotia  Argus, 
KfV.  p. -125,  &  M.  1. 15  A.  f.  60.    Europe, 


Digitized  by  VjOOQ IC 


760 


STSTBItATIC  filSIOBT  OF  THE  nrFTSOBIA. 


Asia,  AuBtralia,  and  America,  (xv.  11.) 
Valve  lunatelj  curved.  Sporangial  finiB- 
tules  with  somewhat  angular  donsuoL 
A  common  spedea^  easily  recognized  by 
the  distinct  margmal  strin  interposed 
between  the  rather  distant,  conspicuous 
bead-like  ocellL 

E.  aJpettru  (K.).— Front  view  rectan- 
gular or  subcuneate,  with  conspicuous 
marginal  ocelli  and  interposed  strisa; 
valves  narrow,  arcuate,  with  the  rounded 
apices  scarcely  a  little  recurved.  KK 
p.  34,  t.  5.  £  16.s^.  oOrantma,  Rab  Diat 
p.  19,  t  1.  £  29  P  France,  England. 
(ml  8.)  We  are  unable  to  distinguish 
this  species  from  K  Argtu ;  for  we  believe 
that  the  subcuneate  front  view  is  an 
accidental  variation,  and  in  spedmens 
from  M.  de  Bn^bisson  we  find  tnat  cha- 
racter by  no  means  constant.  Strite  are 
interposed  between  the  ocelli,  as  in  J?. 
Arguty  and  are  nearly,  if  not  quite,  as 
distant  as  in  that  species ;  and  we  doubt 
whether  recurved  extremities  of  the 
valves  are  not  sometimes  found  in  both. 

E.  rtHeulata  (Nag.), — ^Front  view  rect- 
angular, margms  with  stronger  ci^i- 
tate  and  interaiediate  finer  ones ;  valves 
slightly  curved,  the  obtuse  ends  some- 
what attenuated ;  strise  strong,  3  to  5  in 
1-1200";  the  interstices  regularly  reticu- 
lated, veined,  margins  finely  transversely 
striated.    KSA.  p.  889.    Switzerland. 

E.  Urngkomis  (E.,  S.).  —  Front  view 
subrectangular,  with  conspicuous  mar- 
ginal ocelli  and  striaa,  as  in  ^  Argus ; 
valves  elongated,  curved,  with  obtuse 
ends  and  slightly  angular  dorsum. 
SBD.  pi.  30.  £  247.  =  Mtnoita  longi- 
cormsy  EM.,  several  figures.  Europe, 
Asia,  and  America,  (xv.  (5-9).  CostSB 
strong,  alternating  with  striated  spaces. 
Perhaps  a  sponumal  state  of  K  Argu$, 

E.  oceUata  (E.,K.).— Front  view  bar- 
rel-shaped, with  conspicuous  marginal 
ocelli  and  interposed  striae;  valves  lu- 
nately  curved,  with  rounded  apices.  KB. 
p.  34,  t  29.  £  57;  SBD.  pL  1,  £  6.^JEu- 
notia  ocdUUa,  E.  Fresh  water.  Europe 
and  America.    Fossil.    Greece. 

E.  ^4gem<s  (S.). — Front  view  inflated, 
with  truncate  extremities;  valves  lunate, 
with  strai^t,  truncate  extremities ; 
costffi  distinct^  8  in  OOl";  ocelli  con- 
spicuous ;  stride  32  in  -001''.  S  An. 
Jan.  1857,  p.  7,  pL  1.  £  1.  Fresh  water. 
Biarrits,  Fmnce.  The  nearest  allies  of 
this  species  are  E,  prohosddea  and  E, 
Sorex,  It  may  be  distinguished  from 
the  first  by  its  distinct  ocelli,  and  from 
the  second  by  its  conspicuous  costal  and 
their  areola-Iike  interspaces.   S. 


K  eomto(R). — Small;  valves  curved, 
with  regularly  convex  dorsum  and 
rounded  ends;  striae  strong  and  gra- 
nular, s  EimoUa  eonUoy  EA.  1840,  &  M. 
pL  6.  2.  £  17  e,f.  FossiL  Greece,  We 
are  not  certain  whether  this  and  the  next 
species  are  correctly  placed  in  the  ocel- 
lated  section. 

R  HeOemea  (R).  —  Valves  long, 
curved,  with  regulariy  convex  dorsum 
and  rounded  ends;  costas  strong,  4  in 
1-1200",  having  very  delicate  striic  in- 
tervening between  tnem.  ^Eunotia  Hd^ 
ltmea.mL.  1840,  &  M.  pL d  2.  £  17  a,  6. 
FossiL    Greece, 

3«  CotUB  not  eapUaU. 

£.  e<m9tricta  (Br^b.).  —  Front  view 
elliptical,  slightly  constricted  at  the 
middle j  valve  semilunate,  with  8  distinct 
costse  m  <X)1".  SBD.  voL  i.  p.  14,  pL 
30.  £  24a  Brackish  water.  France  and 
England.    Stri®  30  in  -001".     & 

E.  margaritifera  (Rab.). — ^Front  view 
barrel-shaped,  with  truncate  ends  and 
striated  margins ;  valves  willi  tiiree  dor- 
sal undulations  and  rounded  ends ;  costs 
4  to  5  in  1-1200" ;  bordered  by  puncta, 


Rab  Diat  p.  17,  pL  1.  £  32. 

E.  Mtisculus  (K.).  —  Front  view  sub- 
orbicular;  valves  lunate,  with  very  con- 
vex dorsum,  concave  venter,  and  taper- 
ing acute  apices;  costie  distinct.  KB, 
p.  33,  t  30.  £  6;  SBD.  pi.  1.  £  10.  = 
Eunatia  Sphainday  EM.  pL  a  L  £df 
Brackish  water.  Europe,  Asia,  Africa, 
and  America,  (xxa.  18.)  Strise  40  in 
•001".    S. 

E.  rt^)e8tri8  (S.). — ^Front  view  elfiptk 
or  elliptic-lanceolate ;  valres  semilan- 
ceolate,  tapering  to  the  subacute  ibices; 
costce  distmct ;  striss  faint,  40  in  -OOl''. 
SBD.  vol  i.  p.  14,  DLL  £12.  E.  gibbe- 
ruhy  KR  t  30.  £3;  KA.  p.  3.  =  ^ 
Westermanniy  SBD.  voL  L  p.  14,  pL  L 
£  11.  Fresh  or  brackish  water.  Europe 
and  America. 

E.qumqueco8iata(RBh.). — ^Valve  semi- 
lanceolate^  with  obtuse  ends,  and  ^Ye 
somewhat  conver^g  costa>.  Rab  Dial 
p.  18, 1 1.  £  35.    Germany. 

E.  Hyndmam  (S.). — Front  view  ven- 
tricose  with  truncate  ends ;  valves  stout, 
lunately  curved,  with  rounded  apices; 
strisQ  moniliform,  16  in  -001" ;  costs  in- 
conspicuous. SBD.  voL  L  p.  12,  pL  1.  £  1. 
a  EunoUa  Luna,  EM.  pL  15  a.  £  5a 
Britain.    Large ;  valve  not  recurved. 

E.  Westerfnanm  (R,  K.).— Front  view 
elliptic ;  valves  semilunate,  with  tumd, 
convex  dorsum  gradually  attenuated  to 
the  rather  obtuse  not  prominent  apio^ ; 
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striiB  scarcely  conrerging,  7  or  8  in 
1-1200".  KB.  p.  2a  t.  30.  f.  4.  «  -Ri- 
notia  WetUmumm,  £  Infl  p.  190,  &  M, 
many  figures.  Europe,  Asia,  and  Ame- 
rica, (rv.  2 :  IX.  157.)  In  Ehrenberg's 
figures  the  mistules  are  large,  the  stout 
▼alTes  have  the  obtuse  apices  somewhat 
produced  and  recurved,  and  the  inter- 
stices of  the  coetSD  furnished  with  dotted 
linee. 

E.  gibbenda  (R). — ^Front  view  elliptic, 
with  slightly  produced  apices;  valves 
with  gioDous  aorsum,  slightly  concave 
yemter,  and  attenuated,  recurved  unices ; 
striiB  converging,  33  in  <X)l".sB.£imo^ 
gibbenda,  EA.  p.  125,  &  M,  numerous 
figures,  s  E,  Sorex,  KSA.  p.  1 ;  SBD. 
yoL  L  p.  13,  pL  1.  £  9.  Fresh  or  brackish 
water.  Common.  Europe,  Asia,  Aus- 
tralia, AMca,  and  America.  Costie  in- 
conspicuous. 

£.  Saxonica  (E.). — ^Minute ;  firont  view 
rectangular  j  valves  Innately  curved,  at- 
tenuated, with  obtuse  not  recurved  ends ; 
striffi  snbconverging,  6  to  7  in  1-1200". 
KR  p.  85,  t.  5.  1 15.  Italy  and  Ger- 
many.    1-840". 

E.  Texiricula  (R,  K.).— Valve  linear, 
lunately  curved,  with  rounded  ends; 
coetsB  stout,  distant;  interspaces  with 
series  of  longitudinal  stnm,  KB.  p.  35, 
L  29,  f.  53.  s  Eunotia  Textricida,  EA. 
p.  126,  &  M,  several  figures.  Europe, 
Asia,  Australia,  Afinca,  and  America. 
Small ;  ends  not  recurved. 

K  Zebra  (E.,  K.).  —  Front  view  sub- 
linear  ;  valves  senmunate,  with  convex 
dorsum,  straight  venter,  and  very  obtuse, 
dightly  prominent  apices;  costse  con- 
vergent, 5  to  7  in  -001".  KB.  p.  34, 
t  a».  f.  5;  SBD.  pL  1.  £  4.  =  EmoUa 
ZebrOy  R  Europe,  Asia,  Africa,  and 
America.    Stri»  33  in  OOl".    S. 

Rzc^rwia(E.,K.). — ^Elongated ;  valves 
with  evenly  convex  dorsum,  gradually 
decurrent  mto  the  obtuse,  constricted 
apices;  interspaces  dotted.  KB.  p.  34 
s  JEunotia  zArina,  EA.  p.  126,  &  M, 
several  figures.  Asia,  Australia,  Ame- 
rica, and  Europe. 

'E.turgida(E.,K,^, — Large;  front  view 
linear  or  sligntly  dilated  at  the  middle ; 
valves  curved,  with  the  sliffhtly  convex 
dorsum  gradually  attenuated  to  the  trun- 
cate apices,  which  are  neither  prominent 
nor  recurved ;  striae  diverging,  8  or  9  in 
1-1200".  KB.p.34,  t.5.  f  14=-Riiio^ 
turaida,  E  Inf.  1 14  f.  5.  Eurone,  Asia, 
and  America,  (rv.  1 ;  rx.  159-161.) 

R  gramdata  (R,  K.).  —  Large ;  front 
view  linear  or  linear-oblong;  valves 
slender,  slightly  arcuate,  witii  obtuse, 


recurved  apices;  strise  moniliform ;  cost® 
distinct.  KB.  p.  35, 1 5.  £  20.  R  Faba, 
KB.  p.  36,  t  5.  f.2L  »  Eunotia  granu- 
lata,  E  Inf.  p.  191, 1 21.  f.  20  «  ^^ithe- 
nda  turgidoy  SBD.  vol.  i.  pL  1. 1  2.  Eu- 
rope, Asia,  Africa,  and  America. 

R.  VertaguB  (K.). — Larve ;  firont  view 
sublinear,  gradually  dilated  at  the  mid- 
dle; valves  slender,  arcuate,  vrith  rounded, 
refiexed  apices ;  cost®  converging,  10  in 
1-1200" ;  strife  punctate.  KR  p.  36, 
t  80.  f.  2  =  -B.  gramdata,  SBD.  vol.  i. 
1. 1.  f.  3.  Fresh  water.  Europe.  Re- 
sembles the  last,  but  the  valves  are  far 
more  slender. 

R  lAbrUe  (E.,  K).— -Large ;  front  view 
rectangular;  valves  arcuate,  with  con- 
cave venter,  dorsum  evenly  convex  at 
the  middle,  suddenly  decreasing  towards 
the  obtuse,  slightly  revolute  apices ;  in- 
terspaces between  the  cost»  dotted. 
KB.  p.  35,  t29.  f.45.  ^  BunoHa Librde, 
E  Amer.  n.  126,  t  3. 1.  f.  38.  Asia, 
Africa,  ana  America,  (xn.  24,  25.) 

R  Pm'ceUus  (K-). — Large ;  front  view 
linear,  seven  times  as  long  as  broad; 
valves  with  convex  dorsum,  concave 
venter,  and  truncate  refiexed  ends ; 
striflB  conyernng,  11  in  1-1200",  KB. 
p.  34, 1 5.  f  18, 19.  Fossil  San  Fiore. 
(xm.l2.)    1-240"  to  1-216". 

R  proboecidea  (K.).  —  Small ;  front 
view  rectangular  with  obtuse  angles ; 
valves  with  gibbous  dorsum,  slightly 
concave  venter,  and  constricted,  obtuse, 
remarkably  recurved  ends;  costse  con- 
spicuous, converging.  KR  p.  35,  t.  5. 
fri3:  SBD.  vol.  i.  p.  13,  pi.  L  f.  8? 
Fossil,  Liineburg;  Britain;  recent,  Jer- 
sey. Cost®  5  or  6  in  1-1200".  British 
specimens  have  the  front  view  inflated, 
and  therefore  may  be  distinct. 

E.  P  marina  (DonkinJ.  — Dorsal  view 
rectangular,  with  longitudinal  series  of 
puncta  on  the  connecting  zone;  valves 
linear,  slightly  arcuate,  with  produced 
rostrate  apices;  cost®  conspicuous;  in- 
terspaces punctated.  Donldn,  TMS. 
vol.  vi.  p.  29,  pi.  3.  f.  14.  Marine.  Eng- 
land. A  lar^  and  beautiful  Diatom, 
whose  genus  is  somewhat  uncertain.  It 
a^es  witili  Amphora  in  having  the  lon- 
gitudinal rows  of  puncta  confined  to  the 
dorsal  surfiace,  whilst  in  the  form  of  its 
valves  it  resembles  some  species  of 
Nitzschia.  Co6t»  and  striae  II  in  -OOl", 
Donldn. 

DoubtfiU  and  insuffidenUy  known  species, 

E.  Electra  =  Eunotia  Electro,   EM. 

pi  37. 3.  £  3.    Fossil    Prussia.    Valve 

semiorbicular,  with  strong,  radiant  stri». 
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R  Lmdigii  (Bab.).  —  Minute :  front 
view  orbicular;  costad  6  to  7.  Rao  Diat 
p.  19,  pi.  1.  f.  30.    BojgotA. 

£.  Sancbi  Antonii  ss  EmioUa  SaneU 
Atdomiy  EM.  pL  34  6.  f.  1,  &c  Ame- 
rica. Front  view  rectangular,  with 
conspicuous  marginal  capitate  strin; 
yalves  obtusely  lanceolate,  straight,  with 
strong  transverse  cost».  Probably  a 
Denticula. 

E.  Bealorum^EunoUa  Beatorutn,  EM. 
pi.  84  5.  £  8.  America.  Front  view 
rectangular,  with  marginal  eland-like 
puncta.  According  to  Ehrenberg,  this 
species  is  allied  to  JE,  Sancti  Antonii. 

E.  Lunula  m  Eunotia  Lunula^  EM. 
pL  33. 7.  £  9,  &  pL  38. 14  £  a  Ehren- 
oeig^s  fiffures  differ  considerably.  The 
first  is  slightly  arcuate,  elongated,  with 
obtuse,  slightly  recurved  ends;  the  se- 
cond b  snmller,  lunate,  rapidly  ti^^ering 
to  the  obtuse  ends.  Both  have  radiant 
costiB  without  intermediate  dotted  lines. 

^,me9okpta^EunoUa  meaokpta,  EM. 
pl9.L£26.  FossiL  France.  Valves 
elongated,  slightly  curved,  with  attenu- 
ated midcUe,  and  conic  ends ;  costie  alter- 
nating with  dotted  strite. 

E.  meaogongyla^EunoUa  mmogcngylci, 


EM.  pL  a  1.  £  27.  FossiL  Ftanee. 
Valves  linear,  elcnupated,  slightly  csrvvd, 
with  gibbous  middle,  anid  roanded  ends ; 
costas  alternating  with  dotted  stris. 

R  P  Fciba  (E.,  E.).— Vslvcs  semioral, 
slightly  arcuate,  with  obtuse,  vesy  ali^vyj 
recurved  apices,  and  9  monilifywin  slm 
inl-1200".=.Ebio^A6a,£M.  Seve- 
ral figures.  Ehrenberg's  figure  seems  to 
us  rather  to  repres^it  a  Eimotia  thsn  sb 
Epithemia. 

E.P  gKryi<toto(R,K).— Sinan,smoelh, 
with  convex  dorsum  and  tumid  oonaeeto 
ing  sone.  KB.  p.  36.  ^Eumotiaf  tm- 
gfSaia,  EA.  p.  126,  1 2.  a  £  84  Nosth 
America.    Aldn  to  E,  gMendoy  K 

K  Cocconema  s  JEumoUa  Cotttmewmf 
EM.  pL  34  7.  £  L  Canton.  Vahe 
stouty  semilunate,  with  regolaiiy  < 
dorsum,  straight  venter  and 
ends,  strong  oostie.  fine  intenoedialB 
strisB,  and  a  longitudinal  blank  liii& 

E.  Cistula  B  Eunotim  CSiteic,  EM. 
pL  8.  L  £  6^  &C.  Asia*  Front  view  ob- 
long or  eUiptic,  with  oostate  auogiaf ; 
valves  stou^  lunate,  with  obiiiae  ends, 
strong,  radiating  cost»,  and  a  blaak 
longitudinal  Hue. 


Genus  EUNOTIA  (E.). — Frostoles  free,  in  front  view  q[iiadraiigiikr,  in 
lateral  view  lunate,  or  arcuate,  and  striated.  In  form,  Eimotia  is  allied  to 
Epithemia ;  but  the  lateral  surfaces  of  the  frostules  are  merely  striated,  and 
want  the  conspicuous  costee  of  that  genus.  The  superior  mai^gin  is  nstoHj 
undulated, — an  appearance  caused  by  transverse  depressions.  The  frustaks 
are  not  a<biate,  and  in  the  front  view  do  not  appear  beaked. 

We  believe  that  the  species  in  this  genus,  as  in  several  others,  have  been 
founded  upon  insufficient  characters,  and  that  those  forms  which  differ  oaly 
in  the  undulations  should,  as  Professor  Bailey  suggests,  be  r^ar&d  as 
varieties.  As  this  work,  however,  is  intended  to  include  all  g^ncnllj 
admitted  species,  we  are  content  to  indicate  our  opinion,  the  oorrectaiesB  of 
which  must  be  determined  by  future  observations.  Kiitzing  and  MeneghiBi 
describe  the  transverse  section  as  trapezoidal,  and  regard  it  as  an  impoitaot 
generic  character ;  but  we  agree  with  Professor  Smith  in  doubting  the  ooear- 
rence  of  such  a  form.  Several  species  of  Eunotia  have  been  found  by  Bailey 
and  Br^isson  united  into  short  bands ;  and  unless  the  generic  diaractefs  of 
Eunotia  and  Himantidium  can  be  strengtiiened,  it  will  become  neoeesaij  to 
reunite  these  genera.  The  dorsal  elevations  in  Eunotia  and  SQmantiihmn 
appear,  in  the  front  view,  transverse  darker  bands. 

Akin  to  K  notUma^  but  with  in- 


♦  Dorsal  margin  of  valves  not  dentate, 

Eunotia  nodosa  (E.).— Valves  sightly 
arcuate,  with  inflated  centre  and  re&xed 
obtuse  apices.  ERBA.  1840,  p.  15,  &  M. 
pi.  16  B.  3.  £  25.  Asia  and  America. 
Lough  Moume  deposit. 

E.  Formica  (E.). — ^Valves  linear,  with 
inflated  centre  and  ends.  EA.  p.  128, 
&  M.  pi.  3.  4.  £  18.  Australia  and  Ame- 


nca. 

flated  and  straight  i4[»icee.    R 

R  ventralis  (R).— Valves  doogatod, 
linear,  curved,  with  tumid,  roondsd 
apices,  and  gibbous  venter.  EA  p.  IX, 
&  M,  several  fi^pres.  Eurc^  Asia, 
Africa,  and  America. 

R  Luna  (R). — ^Valves  linear,  Innately 
curved,  wi^  simply  cc»vez  donon, 
eribbous    venter,-   aiMl    obtuse    apicMi 
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aiRA.  1S46, p.  77,  &  M.  pL  88. 13.  llS. 
'ossiL      Qn^n. 

£.  iShma  (£.).— Valyos  linear,  sligiitly 
orved,  ^th  rather  concaTe  venter; 
olmim  suddenly  sloping  down  to  the 
roduced,  acute,  reflexed  apices.  ER 
lA.  1845,  p.  77,  &  M.  pL  83.  12.  f.  la 
'cefliL      Oregon. 

£•  bic€p9  (^). — ^Vahree  linear,  cnrved, 
rith  dilatea,  8%htly  rerolnte,  broadhr 
onnded  ends.  £A.  p.  125^  &  M.  pi.  6.3. 
.  36*  Ehnrope  and  America.  Some  at 
Mst  of  £lirenberg'8  figures  in  the  ^  Mi- 
rogoologie*  belong  to  SynedraJltaeuoM, 

£.  j±^ma  (K.)  «  mmontid&tm  Hal-' 
yonelkB  (Perty). — Valves  with  turgid 
xmvex  dorsum,  slifl^htlj  produced  sub- 
juncate  apices,  and  verj  nne  transverse 
itrisB.  KB.  p.  86,  t  a  £  10.  Switser- 
and. 

E.  metsa  (Greg.).  —  Valves  arcuate, 
dender.  with  obtuse  or  subacute  apices, 
uid  aoDterminal  notches  or  depressions 
[m  the  ventral  margin :  striao  fine,  44  in 
•001".  Greg  MJ.  vol  ii.  p.  06,  0.  4. 
t  4.     Lapland,  Scotland. 

R  Flectrum,  EM.  pL  6.  2.  f.  16. 
FoesiL  Sweden.  Valve  semilunate,  c<m- 
Btricted  beneath  the  capitate  apices; 
venter  stnught;  dorsum  evenly  convex. 

R  Hemkydm  (R^.  —  Small:  valves 
linear,  curved,  semicircular,  witn  obtuse 
apkea  and  distinct  transverse  striae,  a 
Symedra  Semicwhss,  ERBA.  1840,  & 
M.  t.  la  »  ^  Falx,  Greg  MT.  vol.  iL 
p^l05;  MJ.  voL  iii  pL  4  £  1.  FossiL 
Sweden. 

2*  Valves  with  two  dorsal  and  three 
ventral  undukftions, 

R  Qroeodlhts  (R).— Valves  elongated, 
alightlj  curved,  with  two  dorsal  and 
three  ventral  undulations;  amces  pro- 
doced,  subacute,  reflexed.    ERBA.  1846. 

.  77 ;  M.  pL  84.  6  A.  £  4.     Africa  and 


R  Ttgtaeumae,  EM.  pL  84.  6  a.  I  6. 
America.  Valve  with  two  dorsal  and 
three  ventral  undulations  separated  bv 
deep  sinuses;  apices  abruptly  produced 
into  a  short  beak.  JS.  Tapaemnae  seems 
to  differ  from  J51  OroeodSus  in  its  stouter 
form,  deeper  sinuses^  and  more  abnq[>tly 
produced  apices. 

8  *  Valves  with  dentate  or  erenate 
dorsum* 

£.  Camebts  (R).  —  Valves  striated, 
BOttU;  dorsum  with  two  approximate 
iQQBded  elevations,  sloping  to  the  atte- 
ooatod,  produced,  obtuse  apices.    £A. 


p.  126^  t.  2. 1.  f.  1.    Asia,  Africa,  and 
America. 

R  bidenttda  (S.).— Valves  faintly  stri- 
ated, with  two  prominent,  acute  or 
rounded  dorsal  ndges,  vary  straight 
ventral  margin,  and  obtuse,  produced 
amices.  SBO.  vol  ii.  p.  83.  £,  Cmndus^ 
Grev  ANH.  2nd  series,  voL  xv.  pL  9.  £  1. 
Britain.  Difiers  from  R  Cametus  in  its 
straight  ventral  margin. 

R  SOa  (E.).~V^ve  dUated;  ventral 
margin  straight;  dorsum  with  two  central 
ridges,  from  wluch  it  passes  with  a  re- 
gular convexity  to  the  acute  apices. 
£  A  p.  126, 1 2.  L  £  7.    America. 

R  Ztmodon  (R). — Valves  linear ;  dor- 
sum wiui  two  approximate  ridges,  from 
which  it  passes  Dv  a  curvature  to  tiie 
rounded  apices.  EA  p.  127,  t  2. 1.  £  6. 
America. 

R  declivis  (R).  —  Valves  with  phme 
venter ;  dorsum  convex,  with  two  ndges 
which  slope  to  the  acute  i4[»ices.  RA 
p.l26,  t2.1.  £a    America. 

R  impressa,  EM.  pL  2.  2.  £  80,  &c 
America.  Small,  stnated;  valves  nar- 
row, linear,  with  two  sliffht  dorsal  un- 
dulations and  obtuse  ends.  Periiaps  a 
bicrenate  state  of  £  tridentula. 

R  hactnanoy  EM.  |^.  la  1.  figs.  29, 
80,  &  pL  Id  2.  £  la  TossiL  Sweden. 
This  seems  a  distinct  species,  with  lin^u^ 
neariy  straight  valves,  and  two  remote, 
minute  dorud  teeth. 

R<fi«foi»(R).  — Valves  stout,  with 
two  rounded  dorsal  rid^  and  broadly 
rounded  ends;  striae  distinct,  radiant 
E  In£  D.  192,  t  21.  £  28;  SBD.  pL  2. 
£  17.  Recent  and  fbssiL  Europe,  Asia. 
Africa,  and  America. — ^This  and  the  thir- 
teen following  species  of  Ehrenbcorg  we 
regard  as  mere  varieties,  which  difier  only 
in  the  number  of  their  dorsal  devationa 
The  species  may  be  called  E,  robusla : 
its  vatvee  are  stout,  semilunate,  with 
concave  venter,  Inoadly  rounded  ends, 
turgid  convex  dorsum  furnished  with 
conspicuous,  rounded,  diverging  ridgeau 
and  the  striae  are  strongly  manned  and 
highly  radiant ;  as,  however,  the  valves 
increase  in  lengthy  according  to  the  in- 
creased number  of  dorsal  ridges  each  is 
comparatively  more  slender  tEem  its  pre- 
decessor, and  the  ridges  are  smaller  and 
resemble  crenations. 

R  triodom  (R).  —  Has  three  dorsal 
ridges;  otherwise  resembles  K  diodon, 
EM.p.192:  SBD.  pL2.£ia  Recent 
and  fottdl.  Europe,  Asia,  Africa,  and 
America,  (iv.  4;  nc.  164) 

E,  tetraodon,  R,  Sul.  K.,  Rab. ;  R 
pentodon,  R,  K. ;   £  JDiadema  (6  cre- 
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nAtiona),  E.,  K.,  8m.  ;  £,  heptodtmy 
£.,  K.  y  E,  octodonj  £.,  K. ;  JS*.  ermaodon, 
K,  JL'y  R  decaadon,  E.,  K.;  £  hm- 
deeaodotu  R, K. ;  E. dodeeaodon,  E.,  VLi 
E.  temdata  fid  crenatioiis),  E.,  K. ;  E, 
prioHotii  (14  crenatioiis),  E.,  "SL;  E 
polyodm  (all  fonns  with  more  than  20 
crenatioiia).  R^  K.  FoasU  and  recent. 
Europe  and  America. — ^Bardb.,  Rab.,  and 
Kiitx.  place  E  Utraodon  in  Himanti- 
dium  because  the  frustnlee  aie  occa- 
sionally united  into  ehort  tablets.  We 
aie  unable  to  concur  with  them. 

R  JSZ^p*af(E.).— Valres  stout,  curved, 
with  three  dorsal  teeth  and  broadly 
rounded  ends.  EA.  p.  12^  t  L  4.  £  5. 
BraziL 

E,  dkyga  (R).  —  Valves  striated  (P), 
semilunate ;  dorsum  with  four  teeth,  ap- 
proximate at  the  middle.  EA.  p.  126, 
t  2. 1.  £  8.    Cayenne. 

R  Corona  (Kab.).— Valves  neariy  as 
broad  as  long ;  dorsum  turgid,  with  five 
ridges:  venter  shorter,  and  separated 
from  dorsum  by  a  constriction.  Rab 
Diat  p.  17^  1 1.  £  36.  Italy.  Stri»  di- 
stinct, radiant. 

R  trideniula  (R).  — Small;  valves 
finely  striated,  curved,  nanow-linear. 
with  three  slight  dorsal  crenations,  and 
obtuse  recurved  apices.  EA.  p.  120, 
t2. 1.  £14;  Grev  Annals,  2nd  series, 
XV.  nl.  9.  £  2.  Europe,  Asia,  Africa, 
and  America. — ^^V'^e  would  unite  this  with 
the  following  thirteen  species  under  the 
name  of  E.  EkrenbergU,  The  valves  are 
linear,  curved,  with  small  dorsal  teeth 
or  crenations,  and  become  larger  and 
lon^r  in  proportion  to  the  number  of 
their  teeth.  The  striae  are  less  radiant 
than  in  E,  robutta,  and  the  dorsum  less 
tumd. 

E,  quaiemariaf  EA. ;  E.  qmnaria 
(xn.  89),  EA. ;  E,  aenaria,  E.  sqftena, 
EA.  =8  E  ae^ekaria,  EM. ;  E,ociomina, 
E.  nonariay  E  denarioj  E,  undenarioy  E 
Terra  (12  crenations),  E.  tridenaria, 
E.  quatuordenarioj  E  quindenarioj  E. 
hiodonarta.  Recent  and  fossil.  Eu- 
rope, Asia,  Africa,  and  America.  Ehr., 
Kutz. 

R  scalarU  (R,  K.). — Dorsum  with  17 
dorsal  teeth.  EM.  pi  17. 1.  £  44  Fossil. 
Finland.  In  this  and  the  two  following 
species  Ehrenberg  probably  indudea 
forms  belonging  to  E,  robusta  and  E, 
EhrenbergU, 

R  icoaodon  (E.,  K).— Valves  striated, 
linear,  curvec^  with  20  dorsal  teeth. 
ERBA.  1846,  p.  77;  Microg.  pL  83.  10. 
£  3.    Fossil.    America. 

R  polyodon  (E.)  resembles  E,  icoso- 


don,  but  has  mate  than  20  dorsal  teetL 
R  /.  e.  p.  77;  Microg.  pL  17.  L  £  46. 
FossiL   Finland. 

I)oubtftd  and  msufieiaUfy  kmfwn  ^eeim. 

R  ^Ww  (K)  ^E  triodoH,  Ralfi, 
Annals,  voL  xiiL  pL  14  £  3 ?  Africaand 
America.    Sussex  P 

KUtragi^pkiaCE.).  Ada,  Africa,  and 
America. 

R  pentagMiu,  EM.  pL  10.  2.  £  22, 
&  pL  17.  L  £  32.  Euri^  Asia,  and 
America.  Valves  minute,  linear,  with 
five  dorsal,  approximate  teeth,  (iy.3. 

R  hexaakMia,  EM.  {0.  16.  1.  £ 
&  pL  16. 2.  £  24     Europe  and 
Resembles  E.  petUaglyphia,  but  has  six 
dorsal  teeth. 

The  above  forms  are  probably  only 
varieties.  They  seem  to  differ  from  E 
Ekrenhergii  in  more  minute  size,  obso- 
lete or  indistinct  striae,  and  approximate 
teeth. 

R  Amphidicranon  (R).  — Valve  qna- 
drangular,  straight,  transversely  striated, 
with  constricted  middle  and  emarginate 
ends.  ERBA.  1846,  p.  77 ;  Microg. 
t.  33. 12.  £14    FossiL    Oregon. 

E.  brevicomia  (R).  —  Oblong,  dilated 
with  suddenly  acutely  rostrate  ends; 
venter  slightly  concave  at  tibe  middle ; 
dorsum  slightly  convex,  nearly  smooth 
(very  finely  striated?).  ERBA.  1S46, 
p.  363.    Marine.    India.  s^JVaissdUaP 

R  Cret€a  (R).— Valves  striated,  nar- 
row-lanceolate, acute,  veiy  gredually  at- 
tenuated at  each  end.  ERBA.  1844, 
p.  81;  EM.  jpL  22.  £  66,  66.  (heem^ema 
CreUe,E.    FossiL    Sicily. 

R  POeua  (R).— Small,  striated,  sub- 
quadrate;  venter  wider  than  dorsum, 
tne  latter  slightly  furrowed :  ends  ob- 
tuse, rather  prolonged.  EM!.  pL  30. 3. 
£  42.    Siberia,  Africa,  and  America. 

R  Oangetica,  EM.  pL  36  a.  0.  £  1 
India.  Fragments  large,  striated,  with 
straight  venter,  convex  dorsum,  and 
broaoly  truncate  apices,  which  are 
slightly  produced  dorsally. 

EAuatraUa:  E,C€^ata;  E  C^gma: 
E,  Paradoxa:  E  aerpentwa,  Aostealia, 
Ehr.;  EPhrygia;  Ekpida:  E  MoaU: 
E,  roatraia:  E,  Uralenau;  E  apiadata: 
ESibenea;  EboreaUa;  EZ^toatoma; 
E,  umbiUcata,  Asia,  Ehr. ;  E  mtbmiu  ; 
E  curva ;  E,  carmataj  Africa,  Ehr. ;  E 
AraucanuB;  E  eduHa,  America,  ^ir.; 
E,  Januariiy  BraiiL  Ehr. ;  E  Omanenaia : 
EDemerartB:  E.Pomerom;  ESaratma: 
E  aynedra,  Guiana,  Ehr. ;  E  Cohtmki, 
Columbia,  Ehr. 
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Geniui  AMPHICAMPA  (£.).— Fnutules  in  lateral  view  Innately  cnnred, 
haying  pervions  trannverse  strise  and  denticulated  maigins.  Amphicampa  is 
doeely  allied  to  Ennotia  and  Himantidinm,  but  differs  in  having  teeth  on 
both  maigins. 


AifPHiCAifPA  miralnlis  (R). — Valves 
linear,  with  rounded  ends ;  dorsum  with 
six  or  seven  teeth^  and  venter  with  five. 


EM.  pL  33.  7.  1  2.  a  A.  Eruea,  EM. 
pL33.7.  IL    Mexico,    (iv.6.) 


Genua  HIMANTIDnJM  (E.).— Fmstules  united  into  filaments  or  tables ; 
lateral  view  arcuate  or  lunate,  transversely  striated.  If  aU  the  species  in 
Himantidium  formed  ribbon-hke  filaments,  there  would  be  no  difficulty  in 
distinguishing  it  from  Eunotia ;  but  this  is  not  the  case,  and  Kiitzing  has 
well  said,  "  It  must  be  noticed  that  in  many  species  of  Himantidium  the 
individuals  are  not  always  united  into  a  band,  and  therefore  the  generic 
eharaoter  is  very  variable  and  stands  on  a  weak  foundation."  Professor 
Smith  observes  that  '^  there  is  no  mark  to  distinguish  the  valves  of  the  two 
genera  unless  it  be  in  the  character  of  the  striaD,  which  in  Eunotia  are 
radiate  and  in  Himantidium  paraUol."  K  the  strisB  wore  indeed  always 
radiate  in  the  one  genus  and  parallel  in  the  other,  a  valuable  diagnostic 
mark  would  be  furnished;  but,  unfortunately,  the  convergent  striee  occur 
only  in  those  species  of  Eunotia  which  have  a  strongly  convex  upper  margin. 
In  the  frx>nt  view  Himantidium  resembles  the  Fragilarieae,  but  in  that  family 
the  lateral  view  is  not  arcuate. 


*  Dorsum  simple. 

HiUANTiDiUM  pectindle  (Dillwyn,  K). 
—  Fmstules  united  in  long  filaments: 
valves  linear,  arcuate,  with  flattenea 
dorsum  suddenly  sloping  to  the  obtuse 
apices,  and  slightly  concave  venter; 
stri»  27  in  -OOl".  KB.  t  16;  SBD. 
p.  12,  pL  82.  t  280.  =  JET.  minuBy  KB. 
p^  39,  t.  16.  t  10;  H,  Mtrietum,  Bab 
biat.  1. 1.  f  1  c ;  Fragilaria  pedmaiisy 
Lyngb. ;  Fra^iUana  grandisy  E  Inf.  in 
Murt;  .EimoUa  dipressa,  EA.  p.  126. 
Europe,  Asia,  Anrica,  and  America. 
(TV.  6.} 

H.  Soleirom  (K.).—- Valves  lunate,  with 
evenly  convex  dorsum,  concave  venter, 
and  rounded  ends;  striss  30  in  *00r'. 
KB.  p.  89,  t.  16.  £  9;  SBD.  voL  ii.  p. 
13,  pL  83.  f.  282.  s  mmatUuUum  Faboy 
EM.t.L2.  £3;  Eunotia  Faboj  IL  m 
part  ?  Europe  and  Afirica.  (xiv.  13.) 
It  might  have  been  preferable  to  have 
adopted  Ehrenberg*s  name  for  this  spe- 
cies, since  it  is  evident  that  the  JET. 
SdUirdUi  of  Kiltzinff  was  intended  to 
iiudude  aU  forms  witn  internal  siliceous 
cells,  and  his  fi^^ores  of  the  valves  belong 
to  another  species. 

H.  varaUektm  (R).  —-Valves  linear, 
stronfiiy  striated,  curved,  with  simply 
lounaed  ends.  EM..  pL  14  f  58.  s  Fu- 
noUa  paraUeiay  EA.  p.  126.  Europe, 
Asia,  Afirica,  and  America. 

IL  monodon  (E.).  —  Fmstules  large. 


few  toother ;  valves  arcuate,  with  some- 
what gibbous  dorsum,  and  obtuse,  slightly 
produced  apices ;  striae  34  in  -001 ".  EA. 
p.  129,  t.  4  =  Eunotia  monodon^  EM, 
many  figures.  SBD.  voL  i.  pL  2.  t  16. 
Common.  Europe,  Asia,  Australia,  A&ica, 
and  America,    (xv.  16, 17.) 

H^praruptum  (R). — ^Valves  striated, 
elongated ;  dorsum  very  convex,  with  a 
notcn-like  depression  near  the  dilated 
truncated  apices,  s  Eunotia  praruptoy 
EA.  p.  126,  &  M,  several  figures.  Asia, 
Australia,  and  America.  According 
to  Ehrenberg's  figures,  its  valves  scarcely 
difier  firom  those  of  H.  numodony 
except  by  their  more  truncate  apices, 
and  can  scarcely  be  placed  in  another 
genus. 

H.  ArcuB  (E.). — ^Valves  linear,  arcuate ; 
dorsum  sinuated  towards  the  rounded 
dilated  ibices.  ERBA.  1840,  p.  17,  & 
M,  many  figures,  sj^mo^  AreuBy  EM. 
Euroi^e,  Asia,  Australia,  AMca,  and 
America.  /3, extremitiesgradually taper- 
ing, ss  JET.  attenuatumy  Bab  Biat  p.  19, 
1. 1.  £  10.    (Germany. 

BL  praeOe  (E.). — Valves  slender,  nar- 
row-lmear,  slightly  arcuate,  with  ootuse, 
somewhat  recurv^  extremities.  EA. 
p.  129,  t  2:  SBD.  vol.  ii  p.  14,  pL  33. 
f.  285.  3  ^motia  uncinaia,  EA.  p.  126, 
&  M.  pi.  15  B.  £  23.  Europe,  Asia, 
Austraha,  Africa,  and  America.  Habit 
of  H.  ArguBy  but  more  slender,  R  Strias 
27  in  -001",  a 
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H.  mqfM  (S.). — ^Valyee  tinear,  aicuatoy 
with  rounded,  gubcapitate  extremitiefi : 
striae  27  in  -001".  SBD.  vol.  IL  p.  1^ 
pL  33.  I  286.  Britain.  Difiers  little 
from  J7.  gracUe,  save  in  its  greater  size 
and  elevated  dorsum,  and  is  probablv  a 
sporang^  form  of  it  or  some  other 
species^  S.  It  scarcely  differs  from  some 
of  £hrenberg*s  figures  of  H»  paraUelumf 
except  in  its  more  inflated  ends. 

IL  eximtum  (Br^.).  — Valves  slender, 
narrow-unear,  arcuate,  with  obtuse  re- 
curved extremities,  and  42  very  delicate 
striae  in  -001".    KSA.  p.  8.     J&tnotia 
raciUi,  SBD.  voL  L  p.  16,  pL  30.  f.  248. 


H.  Veneria  (K.).  —  Valves  smooth, 
plano-convex,  with  acute  ibices.  KB. 
p.  39,  t.  30.  £  7.  £tmotia  iam,  EM. 
pL  39. 3. 1 41.    Trinidad. 

2*  Vakei  with  erenate  or  toothed 
dortum, 

H.  bidens  (R). — ^Valves  with  plane  or 
slightly  concave  venter,  biundulated 
dorsum,  and  dilated,  truncate  apices. 
EA.  p.  9,  &  M,  several  figurea  s  £u' 
notia  bidens,  EA.  n.  125,  &  M.  pL  2. 1. 
12;  £unotiabigibba,KSA,'D.Q?  Eu- 
rope, Asia,  and  America.  The  dorsum 
has  a  notch-like  depression  near  each 
end. 

H.  Ouianense  (R). — ^Valves  dilated  at 
the  middle,  with  two  dorsal  undulations, 
and  tapenng,  slightly  reflexed  ends. 
EA.  p.  129,  t  2.  1.  f.  4  Cayenne, 
(xn.  54.) 

H.  Picqniio  (R).^Valyes  snbquadrate, 
with  a  much  dilated  bicrenate  dorsum, 
constricted  near  the  obtuse  apices.    EA. 

fL  129,  t.  2. 1.  f.  2.    Asia  and  America, 
xn.  46,  49^2.) 

H.  tmdulatum  (S.).  —  Valves  linear, 
with  gibbous  venter,  three  or  more 
slight  dorsal  undulations,  and  obtuse, 
somewhat  recurved  ibices.  SBD.  voL 
ii.  p.  12,  pL  83.  f.  281.  Europe.  Distin- 
gmshed  m>m  the  other  British  species 
by  its  gibbous  venter. 

H.  amtieulatum  (Br^.).— -Valves  very 
narrow,  arcuate,  with  denticulated  dor- 
sum and  slightly  recurved  apices. 
ESA.  p.   10.    France.    Dorsum  mar- 


gined with  minute  teeth,  constricted 
near  the  rounded  apices. 

H.  iriodon  (Perty).  — Valves  smooth, 
with  concave  venter,  convex  triundu- 
lated  dorsum,  and  broadly  rounded  ends. 
Perty,  In£  p.  198,  t  17.  £  6.  SwitaEer- 
land.  Very  like  Emnotia  diodom;  but 
striae  have  never  been  observed.  Frus- 
tules  mostly  dear  as  crystal    Perty. 

H.  tenuxrmm^  EM.  pL  34.  6  a.  £  5. 
Florida.  Valves  arcuate,  wit^  slightly 
concave  venter,  three  dor^  undulations, 
and  obtuse  apices. 

H.  qHotertiarium  (R).  —  Valves  nar- 
row, very  finelv  striated ;  dorsum  a  little 
convex,  deeply  four-toothed ;  vent^ 
slightly  concave,  with  attenuated  and 
recurved  apices.  ERBA.  1852,  p.  235. 
California.  Joints  of  the  chain  4  to  7, 
three  times  as  broad  as  lon^,  R 

H.  qmnarium  (R). — ^Valves  hs  in  H. 
mtatemarmmy  but  with  five  dorsal  teeth. 
R  ^  c  p.  535.  California,  Asa,  and 
Africa.  Joints  of  the  chain  14,  five  times 
as  broad  as  long.  The  fruatulea  of  H, 
quaiemarium  and  H^qmMtrwm  are  very 
similar  to  those  oi  Amotia  quatemana 
and  E,  quinariOf  but  are  distinguished 
by  fomung  chains  and  by  the  attenuated 
ends  of  the  vahres,  R 

Doubtful  S^feeies. 

H.  carinaium,  EM.  pL  84  6  a.  £  6. 
Florida.  Frustules  rectanrolar,  smooth, 
with  a  transverse  median  band. 

H.  P  marinum  (S.). — Filaments  tena- 
cious ;  valves  costate,  slightly  and  regu- 
larly arcuate,  with  acute  apices ;  costas 
10  m  -001".  S  Annals,  Jan.  1857,  p.  10, 
pi.  2.  £  14  Marine.  France.  Distin- 
guished by  its  marine  habitat  and  costate 
valves. 

Sjpeeiee   known   to  us   only   by   name: 
probabiy  several  of  them  are  merekf 
concatenated   states    of  Eunotia   and 
Epithemia. 
JET.  Australia,  R,  Australia ;    M.  Co- 

melus,E,,Aa&;  H,Textricula,B,,Am; 

H.  Zebra,  R,  Asia  -,  IT.  ventrale,  R,  Asia ; 

H,  am^hioxys,  E.,  Asia ;  H,  umbHicaium, 

R,  Asia ;  M.  JEthiopicum,  R,  Asia;  M. 

Falklandii,  R,  Falldand  Islands. 


FAMILY  n.— MERIDIR®. 

Frustules  prismatic,  attenuated  at  the  base,  attached,  at  least  when  yooii^ 
to  a  gelatinous  cushion ;  in  front  view  cuneate,  in  lateral  view  davate  or 
obovate,  with  pervious  transverse  costae  or  striee.  XUtziiig  places  the  Meridiee 
between  the  Eunotiese  and  Fragilariese ;  and  Men^hini  would  unite  them 
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rith  Uie  latter,  for  he  **  does  not  consider  the  cnneate  form  of  the  fhistales 
f  any  valne  in  an  organological  point  of  view/'  because  of  the  occasional 
ccurrences  of  such  frustules  in  Diatoma  and  other  genera  of  the  Fragilariese. 
n  tho  latter  family,  however,  the  cuneate  frustules,  when  present,  are  in 
t^neral  interposed  between  those  of  the  normal  shape,  and  the  lateral  surfaces 
lave  not  disBimilftr  extremities.  Kutzing  observes  that  **  the  forms  of  this 
amily  have  very  great  similarity  to  those  of  Gomphonema,  with  which  they 
nay  be  the  more  easily  confounded  when  the  individuals  occur  singly ;  but 
hey  are  essentially  distinguished  from  that  genus  by  not  having  a  central 
lodnle  in  the  secondary  sides,  and  by  their  uninterrupted  transverse  strisB. 
Moreover,  this  fiEimily  is  much  more  dosely  united  to  the  genus  Odontidium, 
from  mrhich  it  is  distinguished  solely  by  the  form  of  the  secondary  sides, 
which  are  not  symmetrical  at  both  ends^"  We,  however,  consider  its  affinity 
with  the  licmophoread  still  more  evident.  The  Meridieee,  licmophoreae,  and 
QomphonemesB  <'  form  a  group  [the  StyllariesB  of  Agardh]  distinguished  by 
the  triangular  form  of  the  frustules,  which  have  their  smaller  ends  directed 
towards  a  common  centre.  The  frustules  in  this  group  have  a  central  and 
two  lateral  portions,  as  in  Diatoma  and  Fragilaria,  in  which  genera  cuneate 
f  roatnlee  are  also  occasionally  met  with.  But  in  the  Fragilarieaa,  when  two 
or  more  cuneate  frustules  are  united,  the  alternate  frustules  have  their 
smaller  ends  in  opposite  directions,  and  hence  their  filaments  are  linear; 
whilst  they  are  attached,  if  at  all,  only  by  the  basal  frustule.  In  this  group, 
on  the  contrary,  as  the  smaller  ends  are  in  the  same  direction,  they  point  to 
a  common  centre,  and  when  stipitate,  each  frrustule  is  attached  to  the  stipes  " 
(Balfs).  The  frnstules  in  the  Meridieae  have  two  puncta  at  the  broader  end, 
and  sometimes  other  two,  but  more  obscure,  at  the  smaller  end ;  they  want, 
however,  the  sutural  or  fracture-like  longitudinal  lines  which  are  present  in 
the  licmophoreflB. 

(Mentis  MEEIDION  (Leibl.,  Ag.). — Frustules  cuneate,  united  in  a  spiral 
filament;  transverse  costs  of  lateral  sui&ces  pervious.  "  The  species  vary 
according  to  the  circumstances  of  development,  as  well  with  respect  to  size 
as  to  other  relations.  The  individuals  are  met  with  both  singly  among  other 
Alg»  and  also  in  masses.  At  times  examples  are  found  which  are  always 
eoraposed  of  only  few  individuals;  others  again  consist  of  individuals  united 
in  greater  number;  but  generally  the  longer  spiral  ribands  are  rare.''  (XiLtz.) 
Pr^eseor  Kihadng  formed  a  new  genus  (Eumeridion)  for  the  reception  of 
M.  eanMirietum ;  but  his  reasons  have  been  considered  inadmissible  by  Be 
Br^biflBon,  Meneghini,  and  Smith.  Meridion  is  remarkable  for  the  frequent 
oocorrence  within  its  frustules  of  an  obovate  silicious  cell,  which  is  usually, 
but  not  invariably,  divided  into  two  symmetrical  portions  by  a  longitudinal 
Butore ;  the  lateral  margins  of  the  inner  cell,  as  well  as  the  sutural  line,  are 
erenulate  like  those  of  the  original  frustule.  The  different  aspect  presented 
by  i^pedmens  in  this  condition  has  induced  some  observers  to  describe  them 
as  a  distinct  species.  Whilst  we  agree  with  Professor  Smith  that  the  modi- 
fication is  insufficient  to  warrant  such  a  separation,  we  cannot  coincide  with 
him  in  regarding  it  even  as  a  variety,  since  frrustules  with  these  internal  cells 
are  indiscriminately  mixed  with  ordinary  frustules  in  the  same  filament.  So 
eommon,  indeed,  is  this  occurrence,  prior  to  the  termination  of  individual  life, 
that  we  have  long  been  convinced  that  it  is  the  normal  mode  of  termination 
m  this  genus. 


Mkrtdion  eirculare  (Qiev,,  Ag.). — 
FroBtules  in  lateral  view  davate  or 
obovate.  SBD.  vol.  ii.  p.  6,  pL  83. 1 277. 


«=3f.  verrude,  E. ;  3f.  Zinckem(wii}i  in- 
ternal cells),  KB.;  B.  ettrvatum,  K. 
Frustules  slightly  aicuate.     Common^ 
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forming  a  mocouB  brown  stratum  on 
leavesi  stoneSi  &c.,  in  shallow  waters, 
ft  France,  (rr.  177,  178  j  xra.  21.  M, 
Zmckeni)  In  both  the  primary  and  in- 
ternal cells  the  lateral  margins  have  a 
beaded  appearance,  produced  by  the 
ends  of  the  lateral  costae. 

M.  comiricium  (Ral&). — ^Lateral  iralves 
constricted  beneath  the  apex,  otherwise 
as  in  M,  drcuktref  SBD.  toL  IL  pi.  32. 
f.  278.  a  Eumeridum  amstridum^l^X, 
p.  11.  Common.  Europe.  Internal  cells 
as  in  3f.  circuiare.  We  have  received 
very  perfect  specimens  from  Mr.  Okeden, 
gathered  in  Wales. 

Douhtfui  Sjpeciet. 
M.  P    panduriforme    (£.).  —  Lateral 
valves  constricted  near  the  ends,  Uie 


capitate  extremity  acuminated.  £  Infos. 
pL  16. 1 3.  1-430".  Form  that  of  Gmn- 
phonema  acuminatunu 

M.  P  otatum  (Aff.). — Frustulea  ovate, 
combined  into  a  cdluloee  lamina,  KSA. 
p.  10.    Sweden. 

M.  P  eoeeocampyla,  EM.  pL  14.  f.  79. 
Berlin.  Perhi^  a  bad  figure  of  one  of 
the  preceding  species  with  internal 
cells. 

M.  marinum  (Greg.).  —  Front  view 
sublinear,  with  coarse  maiginal  puncta; 
valves  clavate,  with  16  coarse  marginal 
strisB  in  -001",  and  a  blank  longitudinal 
median  line.  Qreg  D  Clyde,  p.  25,  pi  i. 
t  41.  Marine.  Scotland.  Frutftul^ 
two  to  four  together.  Certainly  not  a 
true  species  of  this  genus,  as  its  costs 
are  not  pervious. 


Genus  0NC08PHENIA  (E.). — ^Fnistules  quadrangular,  cuneate,  not  con- 
catenate ;  valves  without  an  umbilicus,  and  also  destitute  of  lateral  apertures ; 
and  internal  septa  equal,  but  their  apices  unequal  on  account  of  their  cuneate 
and  uncinate  form.  Oncosphenise  approach  nearest  to  Podosphcnise  by  the 
absence  of  pedicels  in  the  latter,  but  are  peculiar  in  their  uncinate  form. 
We  are  unacquainted  with  this  genus,  and  ignorant  of  the  reasons  which 
induced  Professor  XUtzing  to  place  it  among  the  Meridieoe. 


Oncosphknia  Carpathica  (E.). — La- 
teral valves  cuneate,  laxly  stnated ;  one 
end  turgid,  rounded,  straight,  the  other 
attenuated  and  uncinate.  ESA.  p.  11. 
Carpathian   Mountains.     1-792":   pin- 


nules 11.  Probably  a  distorted  state 
of  some  other  species  similar  to  the 
variety  of  ZHatama  dongatwm  figured  by 
Professor  Smith  in  BD.  pL  00.  £  311. 


FAMILY  m.— LTCMOPHOREuE. 

Frostules  cuneate,  longitudinally  bivittate,  attached  or  stipitate,  solitary 
or  united  in  a  fan-like  manner ;  lateral  sur&ces  striated  or  smooth,  but  not 
costate.  The  frustules  in  the  front  view  are  cuneate,  and  have,  like  tiie 
generality  of  the  Diatomacese,  two  puncta  at  each  end,  the  upp^  ones,  how- 
ever, being  most  conspicuous.  Most  frequently  two  longitudinal  suture-like 
lines,  corresponding  to  the  puncta,  are  more  strongly  marked  in  the  Licmo- 
phore»  than  in  most  other  &milies ;  these  Kiitadng  calls  "  vittae,"  and  has 
formed  a  tribe  which  from  them  he  calls  *'  Biatomese  vittatse."  The  vittse, 
however,  are  not  peculiar  to  tiiis  tribe ;  for,  as  Meneghini  justly  remarks, 
**  they  are  merely  the  same  longitudinal  lines  which  run  along  the  primary 
surfaces  of  almost  all  the  Diatomaceee"  (MeD.  p.  462).  Professor  Smith 
describee  them  as  **  modifications  in  the  outline  of  the  valve,  which  in  Podo- 
sphenia  is  slightly  inflected  at  its  larger  extremity,  causing,  on  a  front  view, 
the  appearance  of  notches  at  the  spot  where  the  valves  unite  wit^  the  con- 
necting membrane  (central  portion)  and  the  foramina  exist.  The  apparent 
prolongation  of  this  notch  to  the  lower  extremity  of  the  frustule  is  nothing 
more  than  the  valvular  suture  which  is  seen  in  aJl  the  Diatomaoese  "  (SBD. 
vol.  i.  p.  82). 

The  cuneate  shape  of  the  frustules  in  the  front  view,  and  the  dissimilar 
ends  of  the  lateral  surfaces,  distinguish  the  Licmophorcse  from  Synedra,  the 
species  of  which  often  resemble  them  in  habit. 
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GFeniifi  P0D08PHENIA  (E.).— Frustules  affixed,  in  front  view  cuneate, 
lateral  view  clavate,  stipes  none  or  obsolete.  Podosphenia  is  identical  with 
yllaria  (Ag.).  Its  sessile  frustules  distinguish  it  from  the  rest  of  tho 
cmophorece,  and  the  absence  of  transverse  costse  from  the  Meridiece.  "  This 
mxiB  represents  in  the  licmophorese  the  genus  Sphenella  of  the  Gompho- 
Mnese  ;  for,  like  that,  it  is  distinguished  from  other  genera  of  the  same  family 
r  tlie  more  or  less  complete  absence  of  the  stipes.  The  obovate-lanceolate 
;:aTe  of  the  secondary  surfaces  is  precisely  that  of  the  Sphenellae  and  of  the 
omplionemeaB  in  general.  The  cuneate  form  of  the  primary  surfaces  is,  in 
odosplienia,  always  more  dilated  at  the  summit  and  acute  at  the  base,  so 
lat  tiiey  resemble  a  triangle  more  than  a  trapezium."   (M  Z.  c.  p.  462.) 


Poi>08PHKNiA^ra«7w(E.). — Frustules 
arro^w  cuneate,  elongated,  with  some- 
hat  acute  base;  lateral  view  clavate, 
mooih  or  with  verv  obscure  8tri».  KB. 
.  9.  L  10. 1.  Europe,  (x.  186.)  ^.  tmnar 
-250"  to  1-110". 

P.  tenuia  (K.). — Linear  cuneate,  elon- 
-atedy  very  slender,  with  acute  base; 
a.teral  view  narrow-clavate.  KB.  1 30. 
*.  51.     Norwav. 

P.  nana  (E.). — Small,  smooth,  narrow 
inear  cuneate;  lateral  view  clavate  with- 
out lines.  EM.  pi.  11.  f.  18, 19.  Fossil. 
Bilin,  Bohemia.    1-2300"  to  1-1720". 

P.  debiUa  (K.).  —  Smooth,  narrowly 
cuneate,  rather  acute  at  the  base,  sub- 
flabellate.  KB.  t  8.  f.  7.  Europe. 
1-1380". 

P.  iergegtma  (K.).  —  Cuneate  trian- 
gular, ffeminate  or  teruate,  conjoined  in 
a  flabellate  manner,  base  rather  acute. 
KB.  t.  a  £13.    Trieste.    1-1440". 
P.  hyaUna  (K.).  —  Very  hyaline,  cu- 

neatOy  with  approximate  vittse  and  sub- 
acute base;  lateral  view  obovate  pyri- 

fonn.    KB.  1 10.  f.  2.    j8.  raeemosa,  K., 

obsoletely  stipitate,  1 10.  f.  3.     Europe. 

1-670"  to  1-480". 
P.  cuneata  (Lyngb.,  Ag.).  —  Broadly 

cuneate  with  rather  acute  base;  lateral 

view  clavate  or  obovate,  with  obscure 

»tri».  s  StyUaria  cuneatOf  Ag. ;  Podoaphe- 

Genus  RHIPIDOPHORA  (K.). — ^Frustules  stipitate,  in  front  view  cuneate, 
in  lateral  view  obovato-lanceolate  ("  with  a  median  longitudinal  line,"  S.). 
"We  encounter  the  same  difficulty  in  distinguishing  Rhipidophora  from 
Podosphenia  that  b  experienced  when  practically  applying  the  generic 
distinction  established  between  Sphenella  and  Gomphonema  and  in  all  other 
■milar  cases  (Cymbella  and  Cocconema,  &c.) ;  these  differ  only  in  the  stipes, 
which  is  very  variable  in  length  and  not  always  entirely  wanting  in  the  first 
of  these  two  genera. 

I  "  The  large  size  of  some  among  the  species  enumerated  by  Kiitzing  permits 
lis  to  observe  clearly  the  conformation  of  the  shield.  Let  us  suppose  a 
ejlindrical  articulation  of  Melosira,  and  so  compress  it  unequally  on  one  of 
i  its  sides,  and  in  the  direction  of  both  pairs  of  opposite  surfiMses,  that  the 
t«ioUuig  form  shall  be  cuneate,  and  the  two  incomplete  diaphragms  formed 
^y  the  internal  prominence  of  the  longitudinal  canals  shall  extend  like  these 

3  D 


ma  abhreviatay  E. ;  P.  lAnghyeiy  SBD. 
Europe,  (xm.  13  b.)  1-240".  Striae  46 
in  OOl",  S.  Broader  and  shorter  than 
P.graeUis, 

F.  Jtwgenau  (Ag.,  K.).  —  Broadly  cu- 
neate with  truncate  base;  lateral  view 
clavate,  with  obscure  striae.  SBD.  i. 
p.  83.  pi.  25.  t  228.  Europe.  1-432". 
Striae  48  in  -001",  S. 

P.  otata  (S.). — Cimeate  with  rounded 
angles;  latercu  view  obovate,  tapering 
into  an  acute  base;  striae  moniliform. 
SBD.  i.  p.  83,  pi.  24.  f.  226.  Shoreham 
harbour.  Striae  24  in  -001".  -0033"  to 
•0042"  S. 

P.  Ehrenbergii  (K.). — Large,  broadly 
cuneate:  lateral  view  tapering  at  both 
ends  and  with  distinct  moniliform  trans- 
verse striae.  SBD.  pi.  24  £  225.  Eu- 
rope.  (rv.  7:  xm.  14.)  1-140".  Striae 
27  in  -001",  S. 

Dmbtful  8pecie9, 
V.Pupula,WL  Several  figures.  Ehr- 
enberg's  figures  have  a  clavate  lateral 
valve  with  pervious  transverse  costae  and 
with  or  without  a  constriction.  All  pro- 
bably belong  to  Meridum  drculare  and 
M,  constrictum.  Ho  gives  about  twenty 
stations  for  this  species  in  different  parts 
of  the  globe, — ^none  marine. 
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and  lose  themselves  towards  the  pointed  extremity  which  fturms  the  base ; 
such  is  the  structure  of  Podosphenia  and  Rhipidophora.  Viewed  on  one 
side,  that  is,  on  the  lateral  suriaoes,  they  present  an  obovate  arch,  marked 
on  the  periphery  of  the  surfaces  themselves.  The  margin  of  this  arch  is 
thickened  by  the  presence  of  the  canal^  which,  seen  in  front,  presents  in  the 
curve  its  brightness  with  an  appearance  of  perforation."  (Meneg  he.  p.  463.) 
Professor  Smith  says  that  **  a  close  examination  of  the  frustulee  shows  ua 
that  the  distinct  and  even  moniliform  striae  so  conspicuous  in  Podosphenia 
are  almost  wholly  wanting  in  our  native  species  of  Bhipidophora."  The 
strise  in  the  former  genus,  however,  are  not  always  detected  witJi  duality, 
since  Meneghini  remarks  that  *'  of  the  nine  species  descrihed  and  figured  by 
Kiitzing,  only  one  (P.  Ehrenhergii)  presents  transverse  strise  on  the  secondary 
surfaces."  Careful  observation  of  the  species  of  Bhipidophora  in  a  growing 
state  will  probably  prove  that  several  of  them  have  been  constituted  upcm 
insufficient  grounds.  It  is  to  be  feared,  indeed,  that  characters  taken  from 
the  comparative  length  and  stoutness  of  the  stipes,  its  simple  and  brandied 
condition,  and  even  the  shorter  or  longer  form  of  the  wedge-shaped  frustnles 
in  the  front  view,  are  more  or  less  &llacious.  We  beHeve  that  at  least  some 
of  the  species  are  at  first  famished  with  a  short,  thick,  simple  stipes,  beaiing 
the  associated  frustulee  at  its  apex,  and  that  by  the  process  of  growth  the 
frustules  become  longer  in  proportion  to  their  breadth,  and  lose  their  flabel- 
late  arrangement  by  the  subsequent  elongation  and  dichotomous  divisiaD  of 
the  stipes. 


Rhtpidophoba  crystaUma  (K.).  — 
Shortly  stalked,  flabellate ;  frustules 
shortly  cuneate,  rather  broad,  obtuse  at 
the  base.  KB.  t  9.  f  10. 5.  German 
Sea.    1-1200"  to  1-1300" 

R.  (E<fttH«(K.).— Veryshortly  stalked, 
subflabellate ;  frustules  oblonff  cuneate, 
truncate  at  the  base ;  stipes  hemisphe- 
rical. KR  t  18.  f  6.  5,  7.  Europe. 
1-600"  to  1-480". 

R.  AngUca  (K.).  —  Shortly  stalked, 
flabellate ;  frustules  turgid,  cuneate  with 
truncate  base  and  obtuse  terminal  angles; 
stipes  rather  long,  simple,  thick.  KB. 
t.27.  f.6.2,4.    Europe.     1-600". 

R^ti«<ralw(K.).  — Flabellate  J  frus- 
tules narrowly  cuneate  with  truncate 
base  'y  stipes  simple,  thick.  KB.  t.  9. 
f.6.    Trieste.    1-640". 

R.  horeaUi  (E.).  —  Flabellate ;  frus- 
tules large,  oblong  cuneate  with  edightly 
obtuse  base ;  stipes  simple,  rather  ^ut. 
KB.  t9.  £6.    HeHgoland.     1-810". 

R.  Nvbecuia  (K.). — ^Frustules  hyaline, 
broadly  cuneate,  somewhat  acute  at  the 
base,  scattered,  subsolitaiy  or  fasciculate, 
lateral  and  terminal ;  a^pes  filiform, 
elongated,  subramose.  KB,  t.  8.  f.  16. 
Europe,    (xm.  17.)    1-720"  to  1-600". 

R.  teneHa  (K.).  —  Minute ;  frustules 
small,  broadly  cuneate,  conjoined  in  an 
imperfectly  nabellate  manner,  acute  at 
the  base ;  stipes  slender,  veiy  finely 
branched.  KB.  t  11.  f.  3.  Europe. 
(xiii.16.)    1-1080"  to  1-960". 


R.  palmaiica  (K).  ~  Flabellate  in  a 
radiating  mamier ;  nnstules  oblong  cu- 
neate ;  stipes  short,  rather  stout,  at  length 
subramose.  tubular.  KR  t.  0.  1 7. 
Europe.  1-640".  Lateral  view  nairow- 
clavate  with  very  obscure  striae. 

R  ahhrwiata  (Ag.,  K.).  —  Subflabel- 
late ;  frustules  broadly  cuneate  with  acute 
base ;  stipes  rather  thick,  at  l^iigth 
branched.  KB.  t.  9.  f.  14  =  Liemophora 
abbreviata,  Ag.  Europe.  1-540".  '*  Re- 
sembles IL  parcuhxay  out  is  distinguiahed 
by  its  green  colour  when  dried.'*  (Ag.) 

R.  paradoxa  (Lyngb.,  K.). — ^Frustules 
short;  broadly  ouneiS^,  somewhat  acute 
at  the  base ;  stipes  slender,  filifonn,  di- 
chotomous ;  lateral  view  davate.  l^BD. 
i  p.  84,  pL  25.  H  281  rr  Gonwfumema 
oaradoxunif  Ag.  1-540"  to  1-480".  Co- 
louring matter  dull  olive.  The  frostole, 
especially  in  dried  specimens,  ofi^i  has 
its  angles  so  much  rounded  as  to  become 
obovate,  —  a  character,  however,  not 
peculiar  to  this  species,   (rv.  8.) 

R.  tincta  (Ag.). — ^Frustules  dongated, 
narrow  cuneate,  with  somewhat  acute 
base ;  stipes  elongated,  subdichotomoua» 
slender.  =  Gom,  tinctum,  A  Consp  D. 
p.  36  ;  R  ehnfftUa,  KR  t.  10.  f.  a 
1-310".  Colouring  matter  dull  olire. 
According  to  Agaidh,  it  difiers  from  Jt. 
paradoxa  m  its  greener  colour  and  lonra' 
and  more  slender  firustules.  He  ano 
states  that  it  resembles  smaller  states 
of  Licmophora  JUtbeUataf  but  is  ahorter 
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ore  lax,  and  without  radiant  frus- 

oce€m9ea  (E.)*  —  Frustules  oblong 
^  dense ;  stipes  elongated,  slender, 
hotomous.  KB.  t.  lO.  f.  4  At- 
fi  flabellate.  1-890".  Internal 
p  fiilvous. 

tuperba  (K.). — ^Frustules  geminate 
tary,  oblong^  cuneate,  slightly  acute 
iir  base;  stipes  long,  filiform,  di- 
nous,  secondary  branches  lateral, 
KB.  1. 10.  f.  t  Europe.  1-310". 
at,  slender,  large ;  internal  matter 
i-yellow,  globose,  broadly  distri- 

jrtmdia  (K.). — Frustules  broadly 
te,  large;  stipes  very  long,  fili- 
dichotomous.  KB.  1 11.  1 1.  j8. 
ftoidea  (BL). — Frustules  caducous, 


mostly  lateral.     Venioe.     Large,  its  in- 

,  temaf  matter  granular,  glob^,  olive. 

I  1-120". 

I  R.  Menefhiniana  (K.). — Large;  frus* 
tules  gemmate,  oblong  cuneate,  with 
rather  broad  apices ;  stipes  much  elon- 

I  gated,  filiform,  dichotomous.  KB.  1 11. 
f.  2.  Venice,  (xm.  19.)  1-288".  In- 
ternal matter  scattered,  globose,  olive- 
brown. 

R.  CrtUicula  (Mont.).— Shortly  stalked, 
subflabellate,  dilated  at  the  blase,  cra- 
ticuliform ;  frustules  two  to  six,  lanceo- 
late or  oblong-lanceolate,  with  truncate 
apex,  and  obtuse,  scarcely  attenuated 
base.      Montague,  A  d  Sci  Nat  1860, 

§.808.     Cayenne.      1-050"  to  1-460". 
tipes  slender. 


Qns  LICMOPHOEA  (A.).  —  Frustules  flabellifonn,  stipitate,  in  front 
narrow-oxineate,  laterally  davate;  stipes  thick,  irregularly  branched. 
Dpbora  is  nearly  identical  with  Echinella  of  Ehrenberg.  "  The  frus- 
of  the  present  genus  differ  in  no  essential  respect  from  those  of  Rhipi- 
>ra.  They  are,  it  is  true,  longer  and  narrower,  and  probably  less  firmly 
>ii8  ;  but  none  of  these  circumstances  seem  to  be  of  generic  importance. 
leparation  of  the  genera  must  therefore  rest  upon  the  fim-like  arrange- 

of  the  frrostoles  upon  the  summit  of  an  incrassate  and  irregularly 
tomous  pedicel  which  occurs  in  Licmophora."  (S  I,  c.  toI.  i.  p.  85.) 
meghini,  however,  says  that  "  the  resemblance  of  this  to  the  preceding 
i  is  only  apparent.     But  a  true  affinity  connects  Licmophora  to  Synedra, 

which  it  differs  only  in  its  cuneate  frustules The  vittSB  in 

ophora  are  not  to  be  compared  with  those  in  Rhipidophora.  They  are 
ing  more  than  the  usual  longitudinal  canals  projecting  into  the  cavity, 
hich  the  apparent  perforations  or  sections  of  their  cavities  appear  very 
the  margin  of  the  summit.  The  distribution  of  the  internal  coloured 
;ance  is  different  frt>m  that  in  the  two  preceding  genera,  and  greatly 
ibles  that  of  Synedra."   (M  I  e.  p.  464.) 


[JMOPHORA  aplendida  (Grev.).  — 
ifltules  nearly  linear,  frequently  at- 
kte  and  rounded  at  the  upper  extre- 
;  in  lateral  view  attenuate  towards 
ipper  end."  SR  i  p.  86,  pi.  32. 
.  sX. /lo&eflo^  K. ;  Eehmdia  iplen- 
£1  Europe.  Differs  from  the  next 
ee  by  its  lonser  and  narrower  frus- 
^  many  of  wnich  are  scattered  and 
iL 

flabelUda  (Grev.,  Ag.).  — Frustules 
ite,  truncate;  in  lateral  view  very 
m  davate.  S.  pi.  32.  f.  233. =X.  ra- 
I,  IL ;  X.  orgenteKenSj  Ag. ;  Eckmella 
lata,  R  Common,  (iv.  9.;  x. 
193.) 

[  have  given,  in  accordance  with  the 
ority  of  my  predecessors,  two  sj^ecies 
is  genus ;  out  1  am  fur  from  satisfied 
they  are  truly  distinct,  and  I  am 


disjposed  to  believe  that  a  wider  com- 
parison of  specimens  will  necessitate 
their  union."  (SB.  i.  p.  86.)  Being  unable 
to  determine  the  synonyms  of  Agardh, 
Ehrenberg,  and  Kiitzing,  we  have  thought 
it  better  to  follow  Professor  Sniith  than 
to  risk  increasing  the  confusion  which 
exists.  The  laemophora  argenteseens^ 
Ag.,  is  remarkable  for  its  silvery  lustre 
when  dried ;  but  we  cannot  detect  any 
valid  diagnostic  difference.  Both  species 
are  remarkable  for  the  large  and  oeau- 
tiful  £An-like  clusters  of  frustules  termi- 
nating their  branches;  other  frustules 
are  lateral  and  scattered. 

L.  MeHeghimana  (K.).  —  Frustules 
slender,  very  long,  linear  cuneate,  ter- 
minal ones  radiant,  lateral  ones  scat- 
tered ;  stipes  elongated,  subdivided. 
KSA.  n.  113.  Adriatic  Sea.  Length 
3d2 
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of  froetule  1-84"  to  1-72".  The  charac- 
ters given  are  insufficient  to  distinguish 
this  species  from  L.  splendida, 

L.  dkisa  (K.^.  —  Frustules  elongate 
cuneate,  subsolitary  or  geminate  (not 


flabellate),  acute  at  the  base;  stipea 
short,  weskj  subdivided.  KSA.  p.  114. 
Adriatic  Sea.  (xra.  16.)  Length  of 
frustule  1-240"  to  1-180". 


Genus  CLIMACOSPHENIA  (Ehr.).  —  Frustules  in  front  view  cuneate, 
with  moniliform  longitudinal  vittae,  laterally  obovate-lanceolate,  divided  into 
chambers  by  transverse  septa.  Marine.  This  genera  resembles  Podosphenia, 
except  in  having  the  peculiar  transverse  septa.  "  The  two  (first)  species 
contained  in  this  genus  have  nothing  in  common  except  the  moniliform  vitts. 
But  in  what  these  really  consist  we  cannot  ascertain  from  the  figures.  In 
the  first  Kiitzing  does  not  delineate  the  lateral  surfaces,  and  from  the  figure 
any  one  would  say  that  he  had  drawn  a  Synedra.  The  second,  again, 
resembles  a  Podosphenia."   (Men^  Z.  e,  p.  465.)* 


Climacosphknia  AwtraUs  (K.).  — 
Very  shortly  stalked,  with  smooth  mar- 
gins. KB.  1. 10.  f.  8.  On  Algffi.  New 
Holland  and  Southern  Africa. 

C.  momligera  (E.). — Frustules  trans- 
versely striated  on  the  margin;  septa 
10  to  11  in  number.  KB.  t  29.  f.  80. 
Cuba,  Mexico,   (xi.  45,  46.) 

C.  dongata  (B.). — Lateral  view  elon- 
gated clavate,  the  intercostal  spaces  with 
obsolete  transverse  strisB;  stipes  long, 
branched.  BC.  1863,  p.  8,  pL  1.  f.  10, 
11.     Florida.     Professor  Bailey  relies 


on  the  "  elongated-clavate  form  of  the 
frustules  and  their  excessively  minute 
striations,  to  distinguish  this  species 
from  those  previously  described  by  £Ihr- 
enberg  and  Kiitzing.  The  striae  can  be 
made  out  without  much  difficulty  near 
the  edges ;  but  to  trace  them  completely 
across  the  middle  regions  of  the  valve 
requires  excellent  lenses  and  careful 
management  of  the  light."  (Bailey.) 
Frustides  in  fim-shaped  groups,  narrow, 
linear-cuneate,  with  conspicuous  moni- 
liform longitudinal  vittae. 


Genus  PODOCY8TI8  (K.  &  Bail.)=EUPHYLLODIUM  (Sh.).— Frustules 
stipitate,  cuneate  in  front  view  with  obscure  vittae ;  valves  with  transreise 
costae,  moniliform  striae,  and  longitudinal  median  line.  Podocystis  difilers 
from  Surirella  not  only  in  its  stipitate  frustules,  but  in  its  moniliform  striae 
and  absence  of  alae;  and  from  Rhaphoneis  by  its  cuneate  frustules.  We 
have  placed  it  with  the  Licmophoreae  because  of  its  resemblance  to  Podo- 
sphenia, notwithstanding  its  obscure  vittae  and  strong  transverse  coetae. 
Marine. 


Podocystis  Adriatica  (K.). — ^Valves 
ovate,  with  11  or  12  striae  in  1-1200", 
stipes  very  Bhort^  Surirella  (Podoct/stis) 
Adriatica.  KB.  p.  62,  t.  7.  f.  8 ;  P.  Ame- 
ricana, BMO.  pi.  11.  f.  38;  SD.  ii.  p.  101 ; 


EuphyUodmm  tpaOudatum,  Shadb.  MT. 
ii.  p.  11,  pL  4.  L  4 ;  Doryphora  ?  demau, 
Roper,  MJ.  ii.  p.  284-  f.8.  iihirope, Africa, 
and  America,    (rv.  10.)     • 


Genus  SCEPTRONEIS  (E.).— Frustules  simple,  affixed,  cuneate,  com- 
pressed, styliform;  in  the  lateral  view  with  moniliform  transverse  striiB, 
interrupted  by  a  median  longitudinal  suture.  Marine.  Soeptroneis  has  the 
habit  of  a  nonconcatenate  Meridion  and  of  a  Qomphonema  without  the 
central  nodule  of  the  lateral  valves. 


ScEPTBONEis  Caduceus  (E.). — Frus- 
tules bacillar,  long,  slender,  inflated  at 
centre  and  upper  end,  and  tapering  below. 
BAJ.  xlviii.  j)l.  4.  f.  IL  FossiC  Ame- 
rica ;  recent,  Scotland.  The  lateral  view, 
the  only  one  we  have  seen,  is  narrow, 
somewhat  clavate,  constricted  beneath 


the  head,  which  is  rounded  at  its  apex. 
Transverse  striae  with  pear-like  gra- 
nules. Length  1-92",  exceeding  the 
width  about  18  times.  Professor  (rre- 
^ry  ^fathered  a  fragment  of  this  species 
m  Scotland,    (rv.  11.) 
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FAMILY  IV.— FRAGILARIEJS. 

Frustules  straight,  tree,  or  affixed  by  one  angle  of  the  basal  frustuleSy  in 
front  view  linear,  in  lateral  view  compressed,  and  striated  or  smooth,  with  a 
central  nodule ;  striae  or  costse  pervious.  *'  The  members  of  this  fSeunil j  are 
allied  in  the  genus  Denticula  to  Surirella  and  Navicula ;  in  the  genera  Odon- 
tidium  and  Fragilaria  to  Himantidium,  Diadesmis,  and  the  Meridiese,  and  in 
Diatoma  to  Grammatophora  and  Tabellaria."  (KUtzing.)  "  The  character  by 
which  these  genera  are  collected  together  into  one  family  is  the  conformity  of 
the  two  primary  surfaces ;  nor  do  I  know  how  the  genus  Meridion  is  excluded 
even  by  the  minutest  characters."  Kiitzing,  indeed,  **  cites  the  affinities  with 
Himantidium  among  Eunotiese,  with  Diadesmis  among  the  Naviculae,  and 
with  the  various  genera  of  Stnatellese.  The  relation  appears  to  us  rather 
one  of  analogy  than  of  affinity,  being  the  polypariform  association  of  many 
individuals."  (Meneghini.)  Under  MeridieaB  we  state  the  reasons  which 
induce  us  to  dissent  from  Meneghini's  opinion  respecting  the  position  of 
Meridion.  The  striae  and  costae  are  usually  continuous  across  the  valve ;  and, 
indeed,  Kiitzing  makes  their  perviousness  a  distinctive  character,  separating 
the  Fragilarieae  from  the  Surirelleae.  We  regard  Meridion  as  far  more  nearly 
allied  to  some  genera  belonging  to  the  latter  family  than  to  the  genera 
mentioned  by  Men^hini. 

Genus  DENTICrLA  (K.).  —  Free,  solitary,  or  binately  conjoined,  rarely 
more ;  valves  with  pervious  costae,  which  appear  in  front  view  like  marginal 
puncta.  Fresh  water.  Denticula  differs  frx)m  Odontidium  in  not  forming  a 
filament,  and  also,  according  to  Professor  Smith,  in  having  conspicuous  striae, 
which  are  wanting  or  obscure  in  Odontidium,  and  from  Fragilaiia  by  its 
strongly  marked  costae,  which  Kiitzing  regards  as  always  pervious. 


elliptic, 
1-1200' 


Dbnticula  tenuia  fK.). — ^Front  view 
linear  with  punctatea  margin;  valves 
narrow  lanceolate,  with  10  or  11  trans- 
verse cost©  in  1-1200".  KB.  p.  43, 1 17. 
f.  8.     Europe.     1-1080". 

D.  frigiaa  (K.).  —  Front  view  linear, 
with  finely  striated  margins;  valves  li- 
near lanceolate,  with  11  or  12  costee  in 
1-1200".  KB.  p.  48, 1. 17.  f.  7.  Europe. 
Smaller  than  A  tenuis.     1-1200". 

D.  thermalis  (K.). — ^Front  view  oblonff 
or  trapezoid,  with  beautifully  punctated 
marg^ ;  valves  lanceolate,  with  7  or  8 
costae  in  1-1200".  KB.  p.  43, 1. 17.  f.  6. 
Italy.     1-660". 

D.  degam  (K.).  —  Front  view  linear 
oblong,  with  obtuse  angles  and  gland- 
like marginal  puncta ;  veJves  lanceolate, 
with  6  costae  in  1-1200".  KB.  p.  43, 
tl7.  f.6.   Germany,   (m.  4.)   1-660". 

D.  oUusa  (K.).  —  Front  view  linear, 
with  striated  margins ;  valves  lanceolate, 
with  obtuse  ends,  and  11  costae  in 
1-1200".  KB.  p.  43,  1. 17.  f.  14;  SBD. 
L  n.  19,  pi.  34.  f.  292.    Europe.    1-336". 

JD.  crassula  (Nageli).  —  Front  view 
oblong,  with  punctatea  margins ;  valves 

Genus  PLAGIOGRAMMA  (Grev.)  (Heteromphala,  E.).  —  Frustules  qua- 
drangular, imited  into  a  short  fascia ;  valves  with  two  or  more  strong,  pervious 


with  12  to  13  fine  striae  in 
Nag.  in  KSA.  p.  889.  = 
2>.  inJUOa,  SBD.  IL  p.  20,  pL  34. 1  294. 
Europe. 

D.  acuta  (Rah,). — Front  view  mostlv 
cuneate ;  valves  slender  lanceolate,  with 
6  or  7  costae  in  1-1200".  Rab  Diat 
p.  33, 1. 1.  £  8.    Persia. 

D.  lauta  TBaiL).  —  Front  view  linear, 
with  gland-like  mar^rinal  puncta ;  valves 
linear  lanceolate,  with  obtuse  ends  and 
distant  costae,  which  termiDate  in  mar- 
ginal bead-like  dots.  BMO.  p.  9, 1 1. 2. 
Fossil.    Suisun  Bay,  California. 

D.  oceUata  fS.).  —  Front  view  linear, 
truncate,  with  conspicuous  foramina- 
like  marginal  puncta ;  valves  linear 
elliptic,  ^th  10  costae  in  -001".  SBD. 
ii.  p.  20.  St  AbVs  Head.  The  frus- 
tules in  the  front  view  closely  resemble 
small  specimens  of  EpUhemia  Argus, 
The  extremities  of  the  costae  or  canali- 
culi  appear  as  circular  foramina  on  the 
f.  v.,  and  the  costae  on  the  side  view 
also  give  an  ocellated  appearance  to 
the  valve,  S. 
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transverse  costse,  and  moniliform,  generally  interrapted  striaB.  Marine. 
Pla^ogramma  is  a  well-marked  genus,  identical^  we  believe,  with  Heterom- 
phida  of  £hrenberg.  We  have  adopted  the  present  name,  notwithstanding 
the  prior  claim  of  Ehrenberg's,  because  it  is  not  only  better  defined,  but  the 
latter  was  founded  upon  imperfect  knowledge,  when  the  lateral  view,  whidi 
is  so  important,  had  not  been  observed.  In  the  front  view  the  terminal 
puncta  are  very  conspicuous  and  notch-like,  so  that  the  ends  appear  slightly 
three-lobed,  and  the  termination  of  the  costse  and  strise  are  conspicuous  along 
the  lateral  margins.  The  valves  are  always  famished  with  two  cental 
transverse  costee,  and  frequently  with  others.  In  addition  to  the  costs  there 
are  moniliform  stnse, — ^the  former  pervious,  the  latter,  except  in  one  species, 
interrupted  by  a  median  line.  We  give  Dr.  GreviUe's  arrangement  of  the 
species,  but  must  express  a  doubt  whe&er  the  number  of  cost®  is  not  variable 
in  the  same  species. 

moniliform,  16  in  -001".  Grev  L  e,  p.  210^ 
pL  10.  f.  10.  Jamaica  aod  New  Fiovi- 
dence.    Side  view  unknown. 

P.  pygmcBum  (Grev.). — ^Minute ;  valves 
narrow  oblong;  cost®  four;  strise  moni- 
liform, interrupted,  21  in  "001".  Grev 
I  c.  p.  211,  pL  10.  1 11.  Bbtinguiahed 
for  Its  minute  size,  its  shape,  and  the 
small  number  of  striae,  although  re- 
latively closer.    Grev. 

P.  (?rm«tt  (Ralfe).  —  Stria9  in  fiont 
view  broad,  monilifonn,  oostate,  8  oar  9 
in  •OOl";  costs  four;  connecting  zone 
with  longitudinal  rows  of  dots,  s  Jr.  arnO' 
iunij  Grev  /.  c.  p.  209,  pL  10.  t  9.  Cali- 
fomian  guano.  Side  view  unknown. 
The  strife  are  very  peculiar,  broad,  at 
first  sight  resembling  costee.   Grev. 

P.  vaUduni  (Grev.).  —  Valve  linear, 
slightly  dilated  in  the  middle,  rounded 
at  the  ends;  costae  four;  strise  inter- 
rupted, conspicuously  moniliform,  12  in 
•001".  Grev  I  c  p.  2(fe,  pi.  10.  t  a  CaH- 
fomian  guano.    Front  view  unknown. 

P.  ohemm  (Grev.).  —  Minute  valves, 
broadly  dilated  at  the  middle  and  rounded 
at  the  ends;  cost®  four;  striae  11  in 
•001".  Grev  /.  <?.  p.  211,  pL  10.  f.  12, 13. 
New  Providence.  The  inflated  appear- 
ance of  the  valves  and  the  small  number 
of  striae  render  this  a  well-marked  spe- 
cies, Grev. 

P.  Ivratum  (Grev.).  —  Valves  con- 
stricted at  the  middle,  then  dilated  and 
narrowly  lyiiform,  linear,  and  rounded 
at  the  extremities;  costm  four;  striae  18 
m  •OOl".  Grev  iL  c  p.  211,  pL  10.  £  14 
New  Providence. 


*  Vahe$  wUh  two  cenirieal  cotUe, 

Plagiooramha  Oreaorianum  (Grev.). 
— ^Pront  view  with  slightly  convex  mar- 
gins; valves  lanceolate  oolong,  obtuse; 
costae  two ;  striae  pervious,  18  in  001". 
Grev.  MJ.  vii.  p.  208,  pi.  10.  f.  1, 2.  = 
DerUicula  ttawophoroy  Qreg  Diat  of 
Clyde,  p.  24,  pL  2.  f.  37.    Scotland. 

F.  Jamaicetue  (Grev.).  —  Front  view 
with  straight  nuugins;  striae  continued 
almost  to  the  angles,  16  in  *001" ;  costae 
two.  Grev  /.  c,  p.  208,  pi.  10.  f.  3.  Ja- 
maica. The  striae  can  scarcely  be  termed 
strictly  monihform,  but  rather  monili- 
form costae.   Grev. 

P.  ?  tesseUatum  (Grev.).  —  Valves 
broadly  lanceolate,  obtuse;  striae  inter- 
rupted, composed  of  large  subquadrate 
granules,  8  m  •OOl" ;  costae  two.  Grev 
t  c,  p.  208, 1. 10.  f  7.   Califomian  guano. 

P.  uUerruptum  (Greg.).  —  Front  view 
with  slightly  convex  margins;  costae 
two ;  stnae  obsolete  P  s  Denticuia  inter- 
rtwta,  Greg  Diat.  of  Clyde,  p.  22,  pL  2. 
f.  oO.    Scotland.    Side  view  uuknown. 

2  *  Vake8  with  two  cenirieal  oosUb  and 
one  near  each  end, 

P.  omatum  (Greg.). — ^Front  view  with 
convex  margins,  constricted  beneath  the 
dilated  ends ;  costae  four ;  striae  obsolete  P 
K  Denticuia  omata,  Greg  Diat.  of  Clyde, 
p.  22,  pi.  2.  f.  32.  Scotland.  Side  view 
unknown. 

P.  puleheUum  (Grev.).  —  Valve  linear 
oblong;  costae  fop;  striae  robust,  con- 
spicuously moniliform,  interrupted,  11 
in  •OOl".  Grev  /.  c.  n.  209,  pi.  10.  f.  4-6. 
Califomian  guano;  Jamaica;  New  Pro- 
vidence. 

P.  nuequale  (Grev.). — ^Pront  view  with 
straight  sides ;  costae  four,  the  terminal 
ones  in  front  view  longer  than  the  cen- 
trical, and  inflected  at  their  apices ;  striae 


3*  Valoe9  with  more  than  four  cmUe. 

P.  CaUformeutn  TGrev.).  —Valves  li- 
near,  with  roundea  ends;  costie  more 
than  four;  striae  18  in  OOl".  Grev  I  r. 
p.  211,  pL  10.  f.  15-17.  Califbmian 
guano. 
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!>oubtfid  or  ttisufficiently  known 
Species, 

Itecis  (Greg.).  —  Front  view  with 
ly  but  sharply  dilated  ends  and  a 
te  prominence  in  the  middle  of  each 
n ;  costsB  twoP,  strife  delicate,  about 
-001".^ DenUcuIa  lavia,  Greg  Diat 


of  Cljrde,  p.  22,  pL  2.  f.  83.     Scotland. 
Side  view  unknown. 

P.  Himantidium  (E.).  —  Front  view 
eight  times  as  long  as  broad,  with  the 
rounded  apices  slightly  3-loDed,  costss 
two  P,  margin  striated.  =  HeteronMhtda 
Himantidium^  ERBA.  1858,  p.  13.  .^Egean 
Sea.    Side  view  unknown. 


nBs  ODONTIDIUM  (K.).— Frustules  united  into  a  filament;  lateral 
linear  elliptic  or  crucnform,  with  pervious  costaB.  ''  The  Odontidia  are 
Lj  a  fiUform  series  of  Denticulae.''  (Menegh.)  like  Denticula,  this  genus 
tingniBhed  from  Fragilaria  by  its  strongly-marked  costse,  which  appear 
e  front  view  like  marginal  puncta.  The  filaments  are  usually  extremely 
ie,  and  when  broken  up  the  frustules  scarcely  differ  from  those  of 
ieula.  Smith  says,  '^  It  must  be  acknowledged  that  there  is  little  to 
ate  these  genera ;  and  I  should  be  disposed  to  unite  the  two,  were  there 
□i  the  general  habit  of  the  living  frustule  characters  which  enable  the 

Ter  to  assign  them  to  their  respective  genera It  may  be  left  to 

e  observers  to  consider  whether  they  may  not  without  inconvenience  be 
d." 

0.  Bogotanum  ([Bab.).  —  Very  small : 
valves  oblong,  with  rounded  ends,  ana 
from  2  to  4  very  broad  transverse  cost». 
Rab  Diat  p.  34, 1 2.  f.  8.  Bogota.  Ap- 
parently a  state  of  O.  hyemcUe, 

0.  capitatum  (Rab.).  —  Four  to  six 
times  as  long  as  broad;  valves  lanceo- 
late, constricted  beneath  the  capitate 
apices ;  costss  6  or  7  in  l-120(y'.  Rab 
Diat  p.  34, 1 10.  f.  17.sO.  chamo^pha- 
ktm,  Rab  D.  p.  34,  1 10.  f.  16;  lY-affi- 
laria?  a^ntata,  EB.  1853,  p.  527;  Microg. 
pL35A.  12.  f.2;  F.?l4>tocmhala,ELe. 
p.  527 ;  Microg.  pL  35  a.  12.  f.  3.  Europe, 
Persia,  and  America. 

0.  nodulo9um  (E.,  K.).  —  Frustules 
narrow  linear,  twelve  times  as  Ion?  as 
broad;  valves  narrow  linear^  nodulose, 
constricted  beneath  the  capitate  ends; 
stri»  18  in  1-200".  KSA.  p.  13.  =  Fra- 
gOaria  noduiosa,  EB.  1844,  p.  267.  Kur- 
distan. 

O.pimudum  (E.,E.). — ^Frustules  three 
to  six  times  longer  than  broad ;  valves 
with  rounded,  not  attenuated,  ends, 
and  25  strong  stri®  in  1-1200".  KSA. 
p.  13.  a  FragOaria  pmnata,  EB,  1844, 
p.  202 ;  Microg.  t  35  a.  22.  f.  8.  Ant- 
arctic Bea. 

0.  minimum  (Nag.).  —  Very  small ; 
valves  trapezoid,  with  acute  apices  and 
very  fain^  nearly  obsolete  transverse 
striee ;  front  view  quadrate,  with  margi- 
nal puncta.  KSA.  p.  889.  =  O.  Sahdwr- 
^«Mc,  RabD.  p.  38,  t  2.  f  7.    Europe. 

0.  rotundatum  (E.,  K).  —  Frustules 
often  nine  times  as  long  as  broad ; 
vaJves  linear,  with  rounded  ends,  and 


OKTIDIUM  mesodon  (K.).  —  Has 
sr  and  subquadrate  frostules,  with 
two  to  four  transverse  costse.  The 
hanu!te:^  however,  is  so  inconstant 
although  I^rofessor  Smith  adopted 
Ilia  demiition,  almost  every  frustule 
\  figures  has  a  greater  number.  O. 
ie  oft^i  has  trapezoid  frustules  and 
\  coBtss,  whilst  O.  turgiduhtm  is  in- 
Kliate  between  those  forms  and  the 
b1  frustules  in  length  and  nimiber 
it». 

hyemale  (Lyngb.,  K). — ^Front  view 
bead-like  marsinal  puncta;  valves 
ic-oblong  or  empticAanceolate,  ob- 
with  conspicuous  costae.  KB.  p.  44, 
£  4;  SBD.  pL  34  f.  289;  Fragi- 
hyemedis,  Lyngb.  t  63 ;  -F.  con- 
We»,  GBF.  ii.  p.  403;  F,  striata, 
p.  127;  Odontidium  turaidulum,  KB. 
L2;  F.  turmdutumy  Elnf. ;  Odon- 
n  glaciale,  KB. ;  O.  mesodon,  KB. 
£  3 ;  SBD.  ii.  p.  16.  Common, 
pe,  Asia,  Austraua,  and  America. 
.  24,  25.)  Odontidium  hyemale  is 
r  distinguished  from  other  filamen- 
Diatoms  bv  its  exceeding  fragility, 
te  terminal  puncta,  ^lana-like  mar- 
ones,  and  the  conspicuous  costte  of 
valves.  The  frustules  vary  much 
ngth  and  in  the  number  of  their 
5 ;  and  several  species  have,  we  be- 
,  erroneously  been  constituted  upon 
I  characters.  We  do  not  hesitate 
lite  them,  confirmed  in  our  opinion 
the  doubts  expressed  respecting 
distinctness  by  the  late  Profsssor 
h. 
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20  Stout  cost®  in  1-1200".  KSA.  p.  18. 
^FragUariarotundata,  EB.1844,  p.  202; 
EM.  pL  1.  1.  fL  FossiL  Philippine 
Islancb. 

O.  pinnatum  (R,  K.). — ^Pnistules  three 
to  six  times  as  long  as  broad;  valves 
linear^  with  rounded  ends,  and  15  stout 
costffi  in  1-1200".  KSA.  p.  13.  =  Fro- 
gUaria  pmnata,  EA.  p.  127 ;  Microg. 
many  figures.  Australia,  Africa,  and 
America.  Akin  to  O.  strxaUitn  and  O. 
Syriacum,  E. 

0. 8tnol<Uum(KjK.). — ^Frustules  three 
to  six  times  as  lonff  as  broad;  valves 
linear,  constricted  beneath  the  obtuse 
capitate  ends;  strisB  about  18  in  1-1200". 
KSA.  p.  18.  =  Fragilaria  striolata,  EM. 
t  28.  f.  68.  Europe  and  Australia.  Ehr- 
enberg's  figiires  m  the  *  Microgeologie' 
have  the  ends  slightly  attenuated,  and 
not  capitate. 

0.  Syriacum  (E.,  K.). — ^Frustules  eight 
times  as  long  as  broad ;  valves  with  10 
strite  in  1-1200".  KSA.  p.  18.  =  Fra- 
gilaria Syriacaf  EB.  1840,  p.  16.    S^Tia. 

O.  ?  polyedrum  (E.  K.).  —  Frustules 
oblong,  angular  (sexangular  P) ;  three 
times  as  long  as  broad;  strise  very 
fine.  KSA.  p.  14  =  Fragilaria  polyedra, 
EB.  1845,  p.  77.  Fossil.  America. 
1-900". 

O.  amphiceros  (E.,  K.). — ^Valves  turgid 
at  the  middle,  with  elongated,  linear, 
truncate  ends  and  pervious  striss.  KSA. 
p.  13.  =  Fragilaria    amphiceros,    ER 


1844,  p.  82;  Microg.  t  la  £77.  Vir- 
ginia. 

O.  granuUOum  (E.,  K.).  —  With  the 
habit  of  O.  ampkicerosy  but  smalVei; 
valves  with  attenuated  ends  and  gnan- 
lated  fascias  in  stris.  KSA.  p.  13.  s 
Fragilaria  granulatOy  ER  1844  P-  ^f^ 
Antarctic  Sea. 

O.  P  Glam  (R,  K.\— Frustules  stristed, 
short,  gibbous  at  the  middle,  constricted 
at  the  obtuse  ends,  and  resemUing  tlie 
figure  of  an  acorn  with  its  caJvx ;  iiiat 
2  or  8  in  1-1200".  KSA.  p.  l4=fV»- 
gihria  Qlans,  E  Inf.  p.  185.  FotfiL 
Finland.     1-1160"  to  1-570". 

O.  anomalum  (S.).  —  fllam^it  teos- 
cious ;  valves  linear,  suddenly  coostiicted 
towards  the  rounded  extreniities ;  carte 
four  to  twelve.  SBD.  ii.  p.  16,  ]^  61 
£.  876.  Alpine  situations.  Europe.  Fnnt 
view  with  punctate  or  dentimliUap  mr- 
gins.  Internal  ceUs,  similar  to  thosemet 
with  in  Meridion  and  Himantidium,  aze 
firequent  in  this  species. 

O.  anceps  (E.). — Small ;  valves  linear- 
oblong,  constricted  beneath  the  subw- 
tate  apices.  =  Fragilaria  anetpe,  £A. 
p.  127;  F,  Pteridium,  EM.  pL84  5& 
llOP    North  America. 

O.  Creta  =  Fragilaria  Cret4B,  EM. 
pi.  58. 17.  f.  9 ;  F.paradoxa,  EM.  pL3a 
15.  f.l8P  Australia, Europe, and Afino. 
Valves  linear^blong,  witii  rounded  eadi 
and  pervious  transverse  coette. 


Genus  FRAGILARIA  (Lyngb.,  K.).— Frustules  linear,  united  into  a  ffl»- 
ment ;  lateral  valves  smooth  or  faintly  striated,  linear-lanoeolate  or  fuafixn 
Fragilaria  difiers  from  Odontidium  in  the  absence  of  costse ;  and  the  stric* 
which  are  probably  present  in  all  the  species,  are  so  obscure  that  Kntzfng 
makes  their  absence  one  of  the  generic  characters.  Diadesmis  may  be  distm- 
guished  from  Fragilaria  by  the  presence  of  a  central  nodule  in  the  kteral 
valves.  Professor  Smith  justly  regrets  that  in  the  subdivision  of  Fragilani 
sufficient  regard  has  not  been  paid  to  the  signification  of  the  generic  name- 
We  consider  that  it  would  have  been  far  better  to  have  retained  the  name 
for  FTagilaria  hyemalis,  Lyngb.  (= Odontidium,  K.),  so  remarkable  i<a  its 
fragility. 


Fbagilabia  capucina  (Desm.). — ^Front 
view  narrow  linear,  with  obsolete  or  ob- 
scure terminal  puncta;  valves  lanceolate ; 
strisB  obscure.  KR  p.  45,  1 16.  f.  3.  = 
F,  pecUnalia,  Lyngb.  t  63 ;  Ag  Consp 
Diat  p.  62 ;  F,  tenuis,  Ag  Consp  Diat. 
p.  63 ;  -F.  Bhabdoaoma,  diop?Uhalma^  mul- 
tipunetata^  binunctafaf  angusta,  scalariSf 
and  Jissa,  E  Inf.  F,  sepes,  EM.  t  38  1. 
f.  8  Common,  but  generally  in  small 
quantities  and  mixed  with  other  Diatoms. 
Europe,    Asia,    Australia,   Afirica,    and 


America,  (ix,  178, 174.)  A  very  vari- 
able species.  The  frustules  are  so  mudi 
compressed  that  it  is  difficult  to  obtain 
a  good  view  of  the  valves ;  but  it  maj 
usually  be  recognized  in  the  front  riev 
by  its  obsolete  terminal  puncta.  'Wbeo 
dried,  it  has  a  silvery  lustre.  FHameats 
elongated. 

F.  acida  (E.).  —  Valves  linear,  with 
acutely  cuneate  apices ;  strice  wanting  <v 
obscure ;  front  view  linear.  £  Meteoip- 
t  2.  £  10;  Microg.  many  figures. = J.  c»- 
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SBD.  pi.  85.  f.  296.      Eimme, 

ihicAf  and  America.     1-1152"; 

» longer  than  broad. 

rrugata  (K.). — Minute ;  firustules 

te,  corrugated  at  each  end ;  ralves 

lanceolate.    KB.  p.  45^  1 16. 1 5. 

ly.     1-1440". 

\mUa  (K.).  —  Glassy ;  frustiiles 

ular,  quadrate,  or  linear,  united 

r  short    fasciae;  yalves    narrow 

smooth.    KSA.  p.  14     Marine. 

tciUum  (E.).  —  Valves  smooth, 
^th  rounded  ends,  five  or  six 
IS  long  as  broad.      EB.    1844; 

pi.  21.  f.  30  &  pi.  35.  16.  f.  11. 

Oran  and  Virginia.  1-720". 
ibra  (E.). — Linear,  smooth,  with 
ted  obtuse  apices.    EA.  p.  127. 
May  be  a  variety  of  -F.  hi- 

liena  (E.). — Twice  as  long  as 

valves   oblong,  smooth.      EB. 

K  16.  =  F.  turaensj  EM.  several 

P    Europe,  Amca,  and  Mexico. 


^F.  ffibba,  EM.  pi.  83. 17.  f.  9  P  Ame- 
rica and  Europe. 

F.  binodis  (E.).  —  Parasitic,  mostly 
simple ;  valves  rostrate,  sometimes  con- 
stricted, sometimes  inflated  at  the  middle; 
striae  wanting  or  obscure.  EA.  p.  127 ; 
Microg.  pi.  6.  2.  f.  26.=  Odontidmm  ?  pa- 
ratUicum,  SBD.  ii.  p.  19,  pL  60.  f.  875. 
Europe  and  America.  /3  inflated,  with- 
out a  central  constriction.  S  /.  c,  p.  875. 
Frustules  rarely  cohering,  and  scarcely 
silicious.     S. 

F.  cmdricta  ^.).  —  Frustules  fre- 
quently cohering  by  their  angles ;  valves 
rostrate,  subacute,  in  general  slightly 
constricted,  sometimes  mflated  at  the 
middle ;  striae  faint,,  42  in  -001".  EA. 
p.  127;  Microg.  several  figures.  =  F, 
ufidata,  SBD.  ii.  p.  24,  pi.  60.  f.  877. 
j9,  valves  turgid  at  the  nuddle,  S.  Eu- 
rope, Asia,  Australia,  and  America. 

F.  Entomon  (E.).  — Valves  elongated, 
smooth,  strongly  constricted  at  the 
middle,  with  rostrate  ends.  EA.  p.  127 ; 
Microg.  pi.  5. 8.  f,  52.    North  America. 

F.  hmaUsy  EM.  pi.  14.  f.  52.  Germany 
and  Mauritius.  Valves  smooth,  con- 
stricted at  the  middle,  and  rounded  at 
the  ends. 

Doubtful  and  undescnbed  Species  from 
Fhrenberff. 

F.P  Tessella,  EM.  pi.  20.  2.  f.  29. 
Broadly  and  sharply  lanceolate  without 
markings. 

F.  P  Sh/nedra,  EM.  pi.  89. 8.  £  60.  61. 
Frustules  united,  curved ;  venter  giboous 
at  centre. 

F.P  Mesogongyla,  EB.  1856,  p.  333, 
f.  48.  Africa.  Valves  with  minute  in- 
flated middle,  and  slender  acute  rostrate 
ends. 

F.  oxwrhambus,  EB.  1866,  p.  338. 
f.  44,  Africa;  F,  Trachea,  Australia;  JF; 
seminudtty  fossil,  Georgia ;  F,  ventraUSf 
Anatolia  ;  F,  Simalayeef  India  ;  F,  ? 
Stylus,  iEgina;  F?  StyUdium,  ./Egina; 
F,?  undukUum,  Asia;  F.  Crux,  Asia; 
F.  Tcenia,  Africa ;  F.  am^ilepta,  Africa ; 
F,  Lamella,  Australia;  F  amj^icephahi, 
Asia;  F.  verUricosa,  Africa;  F.  frus- 
tulia,  America ;  F  Eunotia,  Africa ;  F, 
thermaHs,  America;  JP.  australis,  Ame- 
rica; F.  Fbmeroani,  America. 

us  GRAMMONEMA  (Ag.). — ^Frustules  similar  to  those  of  Fragilaria, 
iarcely  silicious,  and  united  into  flexible,  highly  mucous  filaments, 
nmonema  in  appearance  comes  very  near  to  Fr^ilaria ;  but  its  habit  is 
y  different  that  I  am  inclined,  with  Agardh,  to  keep  them  distinct.  In 
aria  the  filaments  do  not  adhere  well  to  paper,  the  frustules  are  silicious 
lay  be  subjected  to  a  red  heat  without  any  other  alteration  than  the 


rRalfe).  —  Valves  turgid 

ite,  sudaenly  contracted  towards 
use  ends ;  striae  44  in  -001",  very 
Balfe,  Ann.  xii. ;  SBD.  ii.  p.  22, 
I  2&7.=I>iatoma  virescens,  HBA. 
'nalis,'E,  Streams.  Europe.  Fila- 
elongated,  lurid-green;  frustules 
broad,  with  distinct  terminal 
frequently  irregularly  adhering 
ir  anffles  like  a  Diatom.  Easily 
2ed  Dy  its  greenish  hue  when 
r. 

^enier  (EM.  several  figures).  — 
;  valves  smooth,  twice  as  long 
kd,  oblong  lanceolate,  with  con- 
,  produced,  obtuse  ends. 
esotyla  (E.). — BaciUar  with  tur- 
itre,  obtuse  ends,  and  transverse 
u- striae.  Asia.  1-480".  Resembles 
wis  yranulata,  but  wants  liie  lon- 
lal  band  and  crucial  umbilicus,  E. 
^cis  (E). — Resembles  Odontidium 
eras,  but  is  without  the  dotted 
EA.  p.  127.  Virginia. 
'\ceps  (EL). — ^Valves  linear  oblong, 
ly  constricted  at  the  ends  into 
I  oeaks ;  striaB  wanting  or  obscure. 
>,  127;  Microg.    several    figures. 
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destraction  ot  the  oolourmg  matter,  and  at  each  end  are  two,  more  or  less 

distinct,  pellucid  puncta In  Grammonema  there  is  scarcely  any  silica, 

and  the  filaments  are  not  fragile,  but  highly  mucous,  adhering  firmly  to  pap^ 
or  glass,  and  when  dried  appearing  like  a  mere  stain ;  the  i4>plication  of  nitric 
acid  or  of  a  red  heat  destroys  their  form,  and  I  can  perc^ve  no  puncta  at  the 
ends  of  the  frustules.''  RaJfs,  Ehrenberg,  and  Xiitzing  place  this  genua  with 
the  Desmidieae  because  of  the  absence  of  silica ;  and  Meneghini  says,  <'  I  think 
this  conclusion  right.  It  is  a  true  Desmidiean,  for  it  has  no  silicions  shield ; 
and  it  is  to  be  observed  that,  however  perfectly  it  may  resemble  the  Fragi- 
lariese  in  form,  it  wants  the  longitudinal  canals  and  terminal  perforations  of 
the  primary  surfaces." 


Grahmonema  JuTffenm  (Ag.).  — 
Valves  oblong  lanceolate,  slightly  con- 
stricted at  the  obtuse  ends.  Ag  CD. 
p.  63.  ^FragUaria  Jurgemii^  KSD.  p.  68  j 
Conferva  ttriatukiy  Jurg. ;  FragUaria 
strtatula,  Lyngb  Hyd  Dan.  p.  183,  t.  63 ; 
SBD.  ii.  pL  23.  f.  298;  Grammatonema 
MtruUtdum,  KSA.  p.  187;  Arthrodesmm 
stnat94iu8,  EEBA.  1840;  FragUaria  au- 


reOj  Caerm.  in  Hook  B  FL  iL  p.  403L 
/9.  diatomoideSf  filaments  turning  greenish 
when  dried,  s  FragUaria  duUatnoidm, 
Grev.,  Hook  B  FL  p.  403.  On  marine 
Algse.  Spring,  Europe,  (xv.  24,  25.) 
Orammonema  Jurgenm  is  easily  disdn- 
fished  from  every  species  of  I^ragilaria 
by  its  marine  habitat  and  flexible,  highly 
mucous  filaments. 


Genus  DIATOMA  (Dec.).  —  Frustules  quadrangular,  partially  separating, 
and  cdiering  by  the  angles  (generally  by  the  alteniate  <mes)  into  a  ngsag 
chain.  Diatoma  is  distinguished  from  Eragilaria  and  Odontidium  by  the  con- 
nexion of  the  fhistules  at  their  angles  m  a  zigzag  chain.  Some  species  of 
FragUaria,  indeed,  have  a  few  frustules  similarly  adhering ;  but  this  is  a  con- 
stant character  in  Diatoma,  whilst  the  greater  number  of  their  frustules  will 
present  the  usual  appearance  of  a  Fragilaria.  Meneghini  says,  *^  For  my  part, 
I  think  it  would  be  much  more  natural  to  place  the  smooth  species  {D.  pec^ 
tinale,  D.  vitreumy  and  D.  hyalinum)  in  Fragilaria ;  those  striated  with  elliptie- 
lanceolate  surfaces  (D.  vulgare,  D,  tnesodon,  D,  tenue,  and  D.  mesoleptmn)  in 
Odontidium.  There  would  remain  as  distinctly  generic  the  species  whidi 
have  capitate  extremities  on  their  lateral  surfaces.  These  unions  would  be 
justified  on  both  sides ;  for  whilst  the  Odontidia  have  forms  little  dififerent 
from  Diatoma,  Diatomata  are  little  different  from  Fragilaria." 


•  Stria  obsolete, 

Diatoma  hyaUnum  (E.).  —  Frustules 
elongated,  very  hyaline;  valves  linear 
lanceolate,  wim  rather  obtuse  apices; 
striae  obsolete.  KB.  p.  47,  1. 17.  t:  20; 
SBD.  ii.  pL  41.  £  812.  Marine.  Europe. 
(IV.  16.) 

D.  minimum  (Kalfe). — Frustules  mi- 
nute, very  hyalme;  valves  about  twice 
as  long 'as  lHt>ad,  oblong  with  rounded 
ends;  stri»  obsolete.  IUl£s,  T  Bot  Soc. 
2nd  ed.  p.  20;  SBD.  ii.  p.41,  pi.  41.  i.  313. 
XB  D.  vitreumy  KB.  p.  47.  Manne.  Europe. 

D.peetmaie  (Nitz.,  K.). — ^Frustules  at 
first  forming  a  fascia,  afterwards  zigzag ; 
valves  Autely  lanceolate :  strise  obsolete. 
KB.  p.  47,  1. 17.  f.  11.  =  A«ct/ZonVi  pecti- 
naHs,  Nitz  ;  JB.  seriata,  Ptolemm,  jioccU" 
losa,  E  Inf.  Fresh  water.  Egypt,  Eu- 
rope, England. 


2»  Siri€e  (eosttB)  evidenL 

D.  vuigare  (Bory).  —  Valves  spindle- 
shaped,  suddenly  contracted  at  uie  ob- 
tuse ends ;  oostae  pervious,  consmcuoos, 
about  18  in  -001".  KR 1. 17.  f.  16 ;  SBD. 
p.  39,  pL  40.  f.  dOe ;  BadOaria  tvitem, 
E  Int  p.  197;  Diatoma  temte,  Grev., 
HBFL  p.406;  D.  Jlocculontm,  Ag  CD. 
p.  53.  Europe,  Asia,  Africa,  and  Ame- 
rica. Frustules  three  or  four  times  as  lonff' 
as  broad.  This  species  is  distingoishea 
by  the  greater  breadth  and  convexity  of 
its  frustules,  and  by  the  eonspicaoiis 
marginal  puncta  of  the  front  view. 
(IV.  13;  IX.  168.) 

D.  meaodon  (JL),  —  Valves  ventricoee 
lanceolate,  witn  three  to  five  transverse 
striae  at  the  middle.  KB.  p.  47,  1 17, 
f.  13.  j8.  cuneatum^  frustules  cunette. 
KB.  1 17.  £  12,  B=  BadUaria  etmeaUij  £ 
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In!  1. 15.  H  6 ;  Diatatna  emteatum,  Rab 
D.  t.  2.  f.  4  Gennany.  (ix.  170.)  Pro- 
bably a  state  of  2).  vtigare, 

D.  tetme  (Ag-)*  —  Valves  lanceolate, 
with  from  d  to  12  distinct  strisB  in 
1-12O0".  Aff  CD.  p.  52 ;  KR  p.  48, 1 9. 
t  \0.^ BaciUana pectinahB,  £ljif.p.l98, 
1 15.  f.  4  Europe  and  Asia.  A  protean 
species ;  the  frustules  are  sometimes  qua- 
drate, sometimes  linear,  and  sometimes 
cuneate. 

D.  meMoUptum  (K). — Frustules  slightly 
attenuated  at  the  middle ;  valves  lanceo- 
late, with  firom  10  to  12  striae  in  1-1200". 
KB.  p.  48j  1. 17.  fl  16.  Europe.  1-650". 
We  lear  it  is  scarcely  distinct  from  D. 
ienue. 

D.  EhrenhergU  (K.). — ^Front  view  at- 
tenuated at  the  middle;  valves  linear 
lanceolate,  contracted  beneath  the  sub- 
c^itate  apices;  cost®  11  in  1-1200". 


KB.  p.  48, 1 17.  £  17 ;  SA.  1857,  xix.  p.  10^ 
pi.  1.  1 13.  ^BaciUaria  ^Umgata,  £  Inf. 
p.  198,  t  15.  f.  5.  Europe,  (ix.  169.) 
The  inflation  in  the  centre  of  the  valve 
separates  this  species  from  D,  grande, 
which  is  moreover  a  laiver  form  with 
coarser  strise,  S.    (rv.  16.) 

D.  grande  (S.).  —  Valve  linear,  con- 
stricted beneath  the  capitate  apices; 
cost»  24  in  -001".  SBD.  li.  p.  89,  pi.  4a 
f.  ZlO.^BaciUaria  australi*^  EM.  pL  35. 
A  2.  f.  3.  Britain,  Africa,  and  South 
America. 

J),  ehngatum  (Ag.). — Valves  linear, 
with  inflated,  capitate  apices :  cost»  7  in 
1-1200".  KB.  p.  18,  1. 17.  i  18;  SBD. 
ii.  p.  40,  pi.  40.  f.  SlhssDiatomagracO' 
Itmum,  Nag.,  KSA.  p.  889.  fhirope. 
Front  view  slender,  attenuated  at  the 
middle,    (iv.  14;  ix.  119.) 


Genus  ASTERIONELLA  (Hass.). —  **  Frustules  linear,  inflated  towards 
one  or  both  extremitieB ;  adhering  by  their  adjacent  angles  into  a  star-like 
filament"  (SBD.  ii.  p.  81).  The  frustules  in  this  genus  exactly  resemble 
those  of  the  capitate  species  of  Diatoma,  but  are  few  in  number ;  and  being 
connected  by  liie  adjacent  angles,  the  free  extremities  diyerge  in  a  stellate 
manner.  We  first  observed  a  sin^e  specimen  amongst  some  fr'eshwat^  Algse 
gathered  near  Dublin  by  Mr.  D.  Moore,  and  afterwards  obtained  it  plentifully 
for  two  successive  years  in  a  pool  near  Dolgelly,  when  we  considered  it  a 
species  of  Diatoma  nearly  allied  to  2).  tenue.  Subsequently  we  received  a 
larger  form  fix>m  Professor  Dickie,  gathered  near  Aberdeen.  The  Scottish 
form  had  the  free  end  truncated,  and  is  probably  the  one  described  by 
Professor  Smith  as  A.  Balfsii, 


AsTKBiONELLA  formoaa  (Hass.).  — 
Front  view  somewhat  more  enlarged  at 
the  base  than  at  the  summit  0(^"  to 
•OOSr.  SBD.  ii.  p.  81.  Fresh  water. 
Britain,     (rv.  17.^ 

A.  Bleakdeyii  (S.). — Frustules  linear, 
enlarged  at  the  base.  -0022".  SBD.  ii. 
p.  82.     Marine.    England. 


A.  Baifm  (S.). — Frustules  in  front 
view  exactly  Imear:  valve  attenuated  at 
one  end,  constricted  towards  the  other, 
which  is  rounded  and  capitate;  strife 
obscure.  SBD.  ii^.  81.s:2>tio^oma  »^ 
kure,  BO.  p.  39.  iresh  water.  £urope 
and  America,    (rv.  18.) 


Genus  NITZ8CHIA  (Hass.,  &nith).— "  Frustules  fr«e,  elongated,  com- 
pressed ;  valves  linear,  keeled,  with  one  or  more  longitudinal  lines  of  puncta ; 
keel  frequently  eccentric.  .  .  .  This  genus  embraces  a  large  number  of  species, 
difieiing  in  form  and  size,  but  all  agreeing  in  a  few  general  characters.  The 
most  important  of  these  is  the  keeled  form  of  the  vfdves  and  the  remarkable 
inequality,  in  many  of  the  species,  between  the  portions  of  the  valve  lying  on 
either  side  of  this  prominency.  This  inequality  (or,  in  other  words,  this 
eccentricity)  of  the  keel  distinguishes  NitzsoMa  frx)m  Amphiprcura,  in  which  the 
keel  is  also  present ;  while  the  presence  of  a  keel  and  its  accompanying  line 
or  lines  of  puncta,  together  with  the  absence  of  any  form  of  stipes,  separate 
the  present  from  the  genus  Synedra."  Professor  Smith,  whose  generic  cha- 
racter and  remarks  we  have  quoted,  has  brought  together  forms  fr*om  several 
genera,  and  thus  has  not  only  pointed  out  the  remarkable  character  which  is 
common  to  them  aU,  but  also  relieved  those  genera  of  members  which  ill 
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agreed  with  their  definitions.  It  is,  however,  probable  that  his  characters 
may  rather  belong  to  a  family  than  to  a  single  genus,  his  sections  forming 
genera.  The  sigmoid  forms  were  placed  by  Ehrenberg  in  Navicula,  and  by 
Kiitzing,  in  his  earlier  work  (Kissel.  BaeiL),  in  Synedra.  Subsequently,  how- 
ever, in  his '  Species  Algarum,'  Kiitzing  removed  them  from  Synedra,  and,  under 
his  old  name  of  Sigmatella,  placed  them  with  the  Eragilarieae  because  th^  are 
not  affixed  and  have  pervious  transverse  striee. 


•  Minute :  front  view  gtratt ;  vakes  ar^ 

cuate  with  a  row  of  dots  on  the  ventral 

margin, 

NrrzscHiA  amphioxyt  (E.^.  —  Valve 
linear  lanceolate,  arcuate,  with  convex 
dorsimi,  concave  venter,  and  attenuated, 
subrostrate,  acute  apices;  striss  30  in 
*001",  terminating  in  dots  at  the  ventral 
margm.  SBD.  i.  p.  40,  pi.  13.  f.  105. 
ssjSmotia  an^ioxysj  EA.  p.  125.  Fresh 
water,  very  common.  Ehrenberg  ffivee 
upwards  of  200  habitats  in  Europe,  Asia, 
Australia,  Africa,  and  America. 

N.  tivax  (S.).  —  Valve  linear  lan- 
ceolate, arcuate,  with  rostrate  apices; 
striaa  distinct,  30  in  -001  ".terminat- 
ing in  marginal  dots.  SQD.  L  p.  41, 
pL  31.  t  26^  Fresh  or  brackish  water. 
Englimd. 

N.  farvuia  (S.). — Valve  with  central 
constriction,  obscure  puncta,  and  pro- 
duced apices ;  striae  faint,  70  in  -001". 
SBD.  i.  p.  41,  pi.  13.  f.  106.  Marine. 
Sussex. 

N.  rmnutimma  (S.).  — Valve  linear, 
with  distinct  puncta  and  prominent 
acute  apices ;  striae  obscure,  72  in  "OOl". 
SBD.  1.  p.  41,  pi.  13.  t  107.  Fresh 
water.    Beachy  Head. 

N.  Diana  (E.). — ^Valve  linear,  arcuate, 
with  convex  dorsum,  concave  venter,  and 
produced  slightly  reflexed  apices ;  striae 
13  in  1-1200",  terminating  in  dots  on 
the  ventral  margin.  =  JEtmotia  Diana, 
ERBA.  1840,  p.  14;  Microg.  pL  36  a. 
2.  f.  9.  Fresh  water.  Europe,  Asia, 
Africa,  and  America. 

N.  amphiiepta  (E.).  —  Valve  linear, 
arcuate,  with  convex,  smooth  dorsuni, 
slightly  concave,  striated  ventral  margin, 
and  acute,  ^nadually  attenuated,  slightly 
reflexed  apices.  =  Eunotia  amphueptay 
ERBA.  1845,  p  363;  Microg.  pL  34.  8. 
f.  4.    Japan  and  China. 

N,  virgata  (Roper).  —  Valve  linear 
lanceolate,  slightly  arcuate,  with  pro- 
duced, slijg^htly  recurved,  obtuse  apices ; 
striae  distinct,  26  in  <X)1'',  dilated  at  in- 
tervals into  ridges  on  the  ventral  margin. 
Roper  JMS.  vi.  p.  23,  pi.  3.  f.  6.  Ma- 
rine. Tenby.  Differs  from  N.  amphi- 
oxys  and  N.  vivax  by  the  striae  being  ; 


dilated  into  bands  instead  of  terminating 
in  puncta,  Roper. 

2  •  Frustules  constricted  at  the  middle, 

N.  amstricta  (K.). — Front  view  ob- 
long, slightly  constricted  at  the  middle 
and  tapering  towards  the  somewhat 
truncate  ends ;  keel  very  eccentric ;  stria 
obscure,  60  in  OOl".  ss  Synedra  con- 
stricta,  KB.  p.  64,  t.  3.  f.  70 ;  Ni^sMi 
dubia,  SBD.  L  p.  41,  £  112.  Marine. 
Europe. 

N.  Mttomon  (E.). — Elongate,  thick, 
striate,  oblong  with  constricted  middle 
and  obtusely  cuneate  ends.  =  ^piedra 
Bntomon,  EM.  pi.  34  2.  15.  i&irope, 
Asia,  Australia,  Africa,  and  America. 

N.  plana  (S.).  —  fWnt  view  linear 
lanceolate,  with  attenuated  middle  and 
acutely  cuneate  ends ;  valves  acutely 
linear  lanceolate,  with  a  single  row  of 

guncta  and  56  obscure  strise  in  -001. 
BD.  i.  p.  42,  pi.  15. 1 114  Biaddsh 
water.     Europe. 

N.  BrightweO^  (Kitten).  —Valves 
broad  linear-oblong,  with  obtuse,  shortiv 
attenuated  ends,  slightly  constricted 
middle  and  interruptecQy  striate  margin ; 
surface  under  a  low  power  granular, 
under  a  higher,  punctato-striate ;  stri.'e 
transverse,  25  to  30  in -001".  Brackish 
water.  Sierra  Leone.  Kitten  in  B. 
(VIII.  7.) 

N.  latestriata  (Br^.). —Front  view 
large,  broad  linear-oblong,  with  a  central 
constriction  and  broadly  roimded  endi ; 
valves  narrow  lanceolate,  with  a  central 
keel,  double  row  of  puncta  and  56  di- 
stinct strisB  in  'QOV'.^An^sh^trora  late- 
striata, Br^b.  in  KSA  p.  03;  mtssdua 
hilobata,  SBD.  i.  p.  42,  pL  15.  f  113. 
Marine.    Europe. 

N.  panduriformis  (GJreg.).  — Broad 
linear-oblong,  with  constricted  middle, 
acuminate  ends,  and  pimctuated  mar- 
gins; strin  fine,  about  48  in  001^',  trans- 
verse and  oblique.  GDC.  p.  57,  pL  6. 
f  102.  Marine.  Scotland.  There  is  a 
faint  indication  of  a  double  keel  in  the 
middle  of  the  valve.  The  striation  is 
similar  to  that  of  TyyhUoneOa  eonstricU; 
but  the  present  form  is  larger,  and  di- 
stinguished by  marginal  puucta ;  still  it 
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30  a  Trrblionella  about  as  much 
»  a  Nitzflchia,  Greg. 

\'orU  view  sigmoid  (Sigmatella, 

Kutz.). 
gmoidea  (Nitzach,  S.).  — Front 
>iigated;  broadly  Jdnear,  sigmoid 
mcate  ends  and  marginal  puncta ; 
narrow  linear-lanceolate,  with 
^  ends  and  a  single  lon^tudinal 
•puncta ;  striae  86  in  •OOf".  SBD. 
I,  riL  13.  fl  lOL^Nafiieula  sig- 
m.  t.  13.  f.  15;  Sgnedra  sia- 
KR  p.  67 ;  SigmateUa  Nitzachioy 
.  18 ;  yitzschia  ehngata,  Hassall, 
p.  435.  Fresh  water.  Europe. 
L)  Laige,  with  elegantly  punc- 
rgins.  The  striee  in  this  Ihatom 
letimes  strong  and  easily  seen, 
ithers  in  the  same  slide  set  at 
>  every  method  of  illumination  to 
hem  out.  Mr.  SoUitt,  of  Hull, 
The  strife  vary  from  65  in  the 
p  to  a  degree  of  fineness  which 
»  that  we  now  have  will  show.'' 
^issonH  (Kiitz.,  S.).--Front  view 
linear,  sigmoid  with  truncate 
1  marginal  puncta ;  yalves  linear, 
tenuated,  obtuse  apices ;  strife  27 
'.  SBD.  i.  p.  38,  pi.  31.  f.  266. 
Jra  Amwricana,  KB,  t.  4  f.  34 ; 
Oa  Braissomi,  KSA.  d.  18. 
England.  Resembles  iv.  sig- 
but  IS  much  broader  in  propor- 
its  length,  the  puncta  are  more 
10U8,  and  the  lateral  view  is  more 
According  to  Professor  Amott, 
icies  is  not  the  SHanuUeUa  BrS- 
of  Kiitzing,  the  latter  bein^  a 
ariety  of  A.  gigmoideay  whilst 
species  is  distinct  and  a  brackish- 
[>ecies. 

)aeiierUa  (Grejf.).  —  Front  view 
id,  linear,  sigmoid,  truncate; 
inear  lanceolate,  with  acute  api- 
d  with  a  single  row  of  subremote 
;  strisB  very  obscure.  Grev  MJ. 
S,  pi.  6.  f.  8,  9.  Marine.  Scot- 
Mbed  to  N,  aigmoidea,  but  de- 
leas  sigmoid.  The  side  view 
rrow ;  puncta  separated  from  each 
y  irregular  intervals,  and  fewer 
ijl")  than  in  N.  sigmoidea,  Gre- 

gma  (K.,  S.).— Front  view  sig- 
near  lanceolate,  gradually  taper- 
le  truncated  apices;  keel  of  valves 
double  row  of  puncta.  SBD.  i. 
,  la  f.  lOa =i^r»«rfra  Sigma,  KB. 
L  SO,  t  14.  Marine.  Europe. 
Bin-OOl",  S.  (IV.  20.) 
;ma<<»//«(Greg.).— Frontviewsig- 


moid,  linear  laficeolate,  gradually  taper- 
ing to  the  obtuse  apices ;  valves  linear, 
acute,  with  obscure  strise.  Greg  M  J.  iii. 
p.  4,  £  2.  =  N,  eurvula,  SBD.  li.  p.  39. 
Fresh  water.  Europe.  Distinguished 
from  N,  Siama  by  its  far  more  delicate 
strias  and  oeshwater  habitat.  Professor 
Kiitzing  describes  the  Navietda  eurvula 
as  straight  in  the  front  and  sigmoid  in 
the  lateral  view ;  it  is  therefore  probably 
a  Pleurosigma,  and  not  this  species,  as 
suoposed  by  Smith. 

N.  vermicularis  (K.). — ^Front  view  sig- 
moid, slender,  linear  or  slightly  dilated 
at  the  middle ;  strisD  ohecure,  =:Sgnedra 
vermiculariSf  KB.  t.  4,  f.  35 ;  SigmateUa 
vermicularia,  KSA.  p.  18.  Fresh  water. 
Europe. 

N.  Tergettina  (K.).  — Front  view  sig- 
moid, linear,  truncate;  valves  narrow 
linear,  with  suddenly  contracted,  pro- 
duced apices.  =  Synedra  Tergestina,  KB. 
p.  66,  t.  4.  f.  33;  SigmateUa  Tergesttna, 
Kab  D.  p.  56.  Europe.  11  ettisd  in 
1-1200",  Rab. 

N.  ItaUca  (Rab.). — ^Front  view  broad- 
ly linear,  sliffhtly  sigmoid,  truncate; 
valves  sifi^oid,  with  attenuated  rounded 
ends,  and  9  strisD  in  1-1200".  ^SwrnateUa 
Jto/M?a,RabD.p.56,t.4.f.l2.    Italy. 

N.  obtusa  (S.). — Front  view  sigmoid, 
linear,  with  rounded  apices  j  valves  linear, 
obtuse,  with  a  double  series  of  puncta ; 
striae  56  in  -001".  SBD.  i.  p.  39,  pL  13. 
fl  109.    Bracldsh  water.    Sussex. 

N.  SmithO.  —  Front  view  broadly 
linear,  sigmoid,  truncate,  with  conspi- 
cuous marginal  capitate  striao  havmg 
smaller  puncta  interposed  between  them ; 
valves  custinctly  striate. =iVti6»eAui  spec* 
tabais,  SBD.  i.  p.  39,  pi.  14. 1  116.  Ma- 
rine. Britain.  Keel  nearly  central, 
puncta  in  four  rows.  Sm. 

4*  Ihmt  view  kmately  curved, 

N.  areuata  ^Greg.).  —  Front  view 
linear  arcuate,  with  rounded  ends ;  valves 
lanceolate,  obtuse ;  puncta  about  20  in 
•001".  Grev.  MJ.  vii.  p.  82,  pi.  6.  f.  4-7. 
Marine.    Scotland. 

5*  IHutules  straight  in  both  views,  not 
constricted  at  the  middle, 

t  Front  view  linear. 

N.  scalaris  (E.,  Sm.\ — Larse;  front 
view  broadly  linear,  with  dilatea  truncate 
ends  and  broadly  striated  margins,  the 
striao  altematel;^  longer  and  shorter; 
valves  linear  with  shortly  attenuated, 
obtuse  ends.  SBD.  i.  p.  39,  pi.  14. 1 115. 
=  SgnedU-a  scalaris,  EA.  p.  137,  t.  2.  2. 
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f.  18.  Brackish  water.  EuTojpe,  Asia, 
Australia,  and  Arnica,    (nr.  3L) 

N. «Mdia6tZi< (£.). — Large;  front riew 
broadlj  linear,  with  truncated  cuneate 
apices;  valyee  with  rounded  ends,  s 
J^^nedra  MedabUis,  EA.  and  M,  seyeral 
figures.  Europe,  Asia,  Australia,  Africa, 
and  America.  The  vaLyes  are  figured  as 
elongated,  narrow  linear,  with  suddenly 
attenuated,  obtuse,  reflected  apices,  and 
a  row  of  puncta  on  one  mainn. 

N.  insignU  (Greg.).  —  Front  yiew 
broadly  linear,  with  rounded  ends  and 
conspicuous  marginal  puncta  and  strife ; 
yalyes  .linear    lanceolate,    straight    or 

ahtly  sigmoid,  with  subcentnd  keel 
SO  distinct  striea  in  <X)1".  Greg. 
MT.  y.  pL  1.  f.  46.  Marine.  Scotland. 
Distinguished  from  N,  namoidea  and  N. 
Br^ti^omi  by  its  straight  front  yiew; 
and  from  N.  scalaris  by  its  finer  markings, 
more  slender  form,  and  nondilated  ends. 
Gr^. 

N.  gigantsa  (E.). — ^Very  large,  linear, 
with  suddenly  rounded  ends;  yalyes 
with  attenuate  subacute  apices ;  surface 
finely  striated  in  the  intervals  of  the  pin- 
nules. &B%n«dlra  gigantea,  EHBA.  1841, 
p.  22  ;  »/nedra  Libyca,  KSA.  p.  48. 
Oasis  of  Jupiter  Ammon,  1-00". 

N.  linearis  (Ag.,  S.). — Front  yiew 
linear,  with  rounded  or  truncate  apices 
and  nearly  central  keel;  puncta  m  a 
single  row;  striad  obscure.  SBD.  i.  p. 
89, pL  13 &pl. Sa  f. llO.^FnutuUa Une- 
aria,  Ag.     Fresh  water.     Europe. 

N.  Palea  (K.,  8.).— Front  yiew  linear ; 
yalyes  narrow,  lanceolate,  acute.  SBD. 
ii.  p.  9td,^aynedraPaiea,KR.  p.  68,  t  4. 
f.2;  i^^n«dlraJVi8M2uim,  KB.  p.  64, 1 80. 
f.  21^ ;  Synedraftmdwidet,  Rab  D.  p.  68, 
t.  4.  £  47.    Europe.    Frustules  minute. 

N,  tenuia  (S.).  —  Front  view  linear, 
truncate ;  yalves  narrow,  lanceolate, 
acute :  striss  obscure.  SBD.  i.  p.  40,  pi. 
18. 1  111.    Fresh  water.    England. 

2t  Extremities,  in  front  yiew,  with  a 
hyaline  wing  or  expansion  on  each  side. 

N.  apathulata  (Br^b.). — Front  yiew 
lanceolate,  with  the  truncate  ends  dilated 


on  each  side;  yalyes  lanceolate  acute, 
with  a  single  row  of  puncta.  SBD.  L 
p.  40,  pL  81.  £  26a  Marine.  France 
and  England. 

N.  ditians  ^Greg.). — Front  yiew  broadt 
sublinear,  with  distant  irr^ulaily  dis- 
posed marginal  puncta;  apices  truncate 
with  a  slight  hytdine  expansion  on  each 
side.  GDC.  p.  58,  pi.  a  f.  103.  Marine. 
Scotland.  Vabres  lanceolate,  witii  acute 
apices  and  central  keel. 

N.  hyaHna  (Greg.). — Front  yiew  anb- 
linear,  with  small,  regular  maigisa] 
puncta ;  yalyes  narrow  line^,  with  con- 
tracted, produced  apices  and  central  keel 
GDC.  |^^68,  pl.af:i04.  Marine.  Sco^ 
land.  Xeel  apparently  double ;  but  ner- 
haps  one  is  seen  through  ^e  yeiy  hyaline 
yalye.    Greg. 

8  t  Front  yiew  lanceolate. 

N.  anguiari»  (S.). — ^Front  yiew  rhom- 
boid-lanceolate, truncate ;  yalyes  lanceo- 
late, with  central  keel ;  puncta  in  a  aingie 
series  and  longitudinal  lines.  SBD.  L  p. 
40,  pL  la  £  117.  Marine.  Sussex. 
This  and  the  following  species  ought 
perhaps  to  be  placed  in  Ceratonei& 

N.  tanceolata  (S.). — ^Front  yiew  broadl? 
lanceolate,  acute ;  yalyee  lanceolate,  ros- 
trate, acute,  with  eccentric  ked  and 
longitudinal  lines.  SBD.  p.  40^  pL  14 
f.  118.    Marine.    Sussex. 

BoMJyl  or  msi^fi<nmtig  deaeribed  Sjiie^ 

N.  valeM  (R).  —  Very  large,  broadly 
linear,  finely  striated,  wiUi  truncate  ends. 
^Sgnedravalen8,EA.  t.  S.2.  f.Q,  Freafa 
water,  (xn.  44)  Mexico  and  United 
States. 

N.  cwrtmla  (E.). — Elongated,  cmred; 
front  yiew  8%htly  attenuated  towaids 
the  truncate  apices ;  yalyes  acuminated, 
subacute,  sometimes  with  a  longitudinal 
punctate  fine,  s  ^^nedru  cwwh^  KB. 
p.  66,  t  15. 1 2.  F^reeh  water.  Proaaa. 
1-240". 

N.  EhrmbergU  ss  Syn^dta  amphQakj 
EM.  pp.  84-^,  £  11.  CapeVerd.  Elon- 
gated, straight,  linear,  with  striated  mar- 
gins and  acutely  cuneate  apices. 


Genus  CERATONEIS  (Ehr.).— Frustules  as  in  Nitzschia,  but  with  long 
rostrate  ends,  and  usually  with  a  more  or  less  eyident  central  pseudo-nodule. 
Professor  Smith,  after  excluding  some  of  its  species,  made  Ceratoneis  a  sec- 
tion of  Nitzsohia,  and  perhaps  was  justified  in  so  doing ;  but  as  the  forms 
included  in  it  are  remarkable  for  their  filiform  beaks,  and  there  is  some 
appearance  of  a  central  nodule,  we  haye  retained  the  genus,  at  least  for  the 
present.  Some  of  the  species  resemble  the  Closteria  in  form,  and  haye  been 
referred  to  as  showing  an  affinity  between  the  Diatomacese  and  the  Desmi- 
dieae.    The  resemblance,  howeycr,  is  merely  superficial,  and,  instead  of  showing 
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an  affinity,  rather  proyee  it  does  not  exist.  In  the  Cloeteria,  division  takes 
Xdaoe  across  the  Innate  finond,  or  in  the  diortest  diameter,  whilst  in  this  genns 
it  occnrs  m  the  opposite  direction. 


CKnATONBis  Umgimma  (Br^.^. — 
Yalyes  lanceolate,  with  very  long  straight 
slender  awns,  a  subcentral  keel,  a  single 
row  of  puncta,  and  obscure  strias.  KSA. 
p.  891.  =:  NUzaMa  birottraUiy  SBD. 
1.  p.  42,  pL  14.  f.  119.  Marine.  France, 
England  Front  yiew  straight,  with 
lanceolate  middle,  and  long,  linear, 
tnmcated  beaks,    (iv.  22.) 

C  CTotterium  TE.). — ^Front  view  arcu- 
ate, with  lanceolate  middle,  and  long, 
filiform,  incurved  awns;  valves  £adnt^ 
striated,  with  central  keel  and  a  single 
row  of  puncta.  Ehr.  leb.  Kreidethierchen. 
t.  4.  f.  7.  =  Nitzachia  Chsierium,  SBD. 
Lp.42,pL15.  f.l20.  Europe.  (iii.69.) 

C.  reoersa  (Sul). — Front  view  lanceo- 
late, with  long  beaks,  the  extremities 
of  which  are  bent  in  opposite  direc- 
tions; puncta  obsolete;  stri»  obscure, 
48  in  <X)1".  s  NUzsehia  reverse, 
SBD.  L  p.  43,  pL  15.  fl  121.  Brackish 
water.    Europe. 

C.  epiralU  (K.). — Lanceolate,  with 
long,  nat,  roirally-twisted  beaks.  KB.  p. 
10£  1 4  f.  88.  Marine.  Europe,  (xm.  9.) 

C.  euhukUa  (Br6b.).  —  Lanceolate  su- 
bulate, very  slender,  smooth,  gradually 
tapering  into  slender  beaks,  wnich  ai% 
sometimes  straight,  sometimes  curved  or 
sigmoid.  KSA.  p.  89.  Marine.   France. 


C.  acteularis  fK.). — ^Front  view  narrow 
linear ;  valves  lanceolate,  with  straight, 
slender  beak;  strias  obscure. a i^m^lra 
aeicularie,  KR  p.  63,  t. 4  f.  8;  Imeehia 
acicularie,  SBD.  p.  43,  pL  15.  f.  122.  Freeh 
water.    Europe. 

C.  gracilis  (Br^b.J. — Elongated,  very 
slender,  linear,  with  rather  obtuse 
straight,  curved,  or  sigmoid  beaks ;  striad 
obscure.  KSA.  p.  89,= yUzschia  Taenia, 
SBD.  p.  48,  ^.  1 J.  1 123.  Fresh  or  brack- 
ish water.    Europe. 

Doubiftd  Sjteeies. 

C.  CreUe  (E.).  —  Smooth,  navicular, 
very  slightly  constricted  at  the  middle, 
with  acute,  straight,  not  much  produced 
apices.  ERBA.  1844 ;  Microg.  pi.  22. 
f.61.  Fossil  Sicily.  The  figure  shows 
a  distinct  median  line  and  nodule. 

C.  lammaris  (E.). — ^Broadly  lanceolate, 
with  striated  margins  and  short  rostrate 
apices.  EA.  t.  3.  7.  fl  24.  Asia  and 
America.  Valve  with  median  line  and 
central  nodule. 

C.  Linea,^8jmedra  LineOy  EM.  pi.  18. 
t  78.  Fossil.  Virginia.  Lanceolate,  with 
punctated  margins,  and  narrow-linear, 
rostrate  ends. 

C.  rhomboides  (E.). — ^India. 


Genus  AMPHIPLEURA  (Kiitz.). — ^Fmstules  simple,  elongated;  valves 
with  longitudinal  ridges.  An  iU-defined  genns,  the  ^>ecie8  of  which  difier 
considerably  in  their  ai^>earance. 


AxPHiPLBxmA  peilucida  (K.). — ^Frus- 
tules  slender,  hyaline ;  valves  narrow 
lanceolate,  with  rather  obtuse  apices. 
KB.  p.  103, 1 3.  f.  32 ;  SBD.  pi.  15.  £  127. 
s  Navtcula  peUucida,  Ehr  Inf.  t  13; 
AtUaeocysUs  peOueida,  Hass  AlgSMfK  427, 
pL  102.  fl  a  Fresh  water.  Europe. 
Sv.  80,  EL.  140  &  xra.  L)  1-300"  to 
1-140".  Frustules  often  connected  in 
flat,  longitudinal  band-like  series  by  a 
mucous  covering. 

A.  Danica  (K.). — ^Lanceolate,  obtuse 
or  truncated,  smooth.  KB.  p.  103,  t  30. 
f.  3a    Marine.    Europe.    1-890". 

A.  riffida  (K.).  —  Elongated,  linear 
lanoeoU^  with  truncate  ends;  firont  view 


straight;  valves  slightly  sigmoid.  KB. 
p.  104,  t.  4.  £  30.  =  Amphpkura  sigmoidea. 
SBD.  L  p.  45,  pi.  16.  I  128.  Marine. 
Europe,  (xm.  2.)  It  forms  brown 
stain-like  patches  on  marine  rocks,  and 
scarcely  changes  colour  when  gathered. 

A.  infiexa  OBr^b.). — Valves  linear,  In- 
nately curved,  slighUy  attenuated,  some- 
what constricted  beneath  the  rounded 
apices.  KSA.  p.  88.  Marine,  (rv.  31.) 
Fnmce  and  Britain.  1-430"  to  1-886". 
Striss  dose,  usually  very  indistinct.  In 
mode  of  growth  and  colour  it  resembles 
A.  rigidity  but  changes  to  a  green  colour 
ss  soon  as  gathered. 


FAMILY  v.— SURIRELLE^. 

Frustules  prismatic  or  subdisciform ;  striae  of  the  lateral  surfaces  either 
interrupted  by  a  longitudinal  line  or  radiate.     The  Surirellefie  comprise  by  no 
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means  a  satisfaotory  group,  and  we  believe  that  Synedra  and  the  other  genera 
with  wand-like  frostules  should  be  removed  from  this  family,  wheth^  they 
be  united  to  the  FragilariesB  or  retained  together  as  a  distinct  £unily ;  but  the 
object  of  this  work  is  rather  to  present  an  epitome  of  what  has  already  been 
done  than  to  introduce  any  extensive  alterations.  ''The  genus  C^unpylo- 
discus  is  near  to  the  Melosireas,  but  the  disk  is  not  circular  but  elliptical. 
Surirella  and  the  free  frustules  of  Synedra  are  related  to  the  Navicules,  bat 
they  want  the  middle  clearly-defined  nodule  in  the  secondary  sides.  Badl- 
laria  is  closely  allied  to  the  FragilarieaD,  especially  to  Diatoma ;  but  the  stri© 
of  the  frustule  are  interrupted  in  the  middle,  while  in  Diatoma  they  are 

pervious Comparing  together  the  genera  Campylodiscus,  Surirella,  Bacil- 

laria,  Synedra,  it  is  easily  perceived  that  the  last  two  only  deviate  from  the 
Fragilarieae  by  the  character  of  interrupted  strise ;  and  the  fixst  two,  devia^ 
sensibly  in  the  succession  of  species  from  the  circular  shape  of  the  lateral 
surfaces,  or  of  the  transverse  section,  establish  a  transition  between  the 
MelosireaB,  and  the  group  formed  of  these  two  genera,  along  with  the  Fra- 
gilariesB  and  the  McridiesD.  Hence  it  is  impossible  to  establish  fui  organo- 
graphical  character  that  shall  embrace  the  entire  family  and  strictly  represent 
its  type."  (Meneg.) 

Genus  BACILLAEIA  (Gmel.). — Frustules  linear,  straight,  united  into  a 
short  band,  moving  on  each  other  by  a  sliding  motion  without  separation ; 
valves  having  a  longitudinal  punctated  keel.  The  elongated  wand-like  fros- 
tules distinguifih  this  from  all  other  genera,  except  some  species  of  Diatoma 
and  Synedra.  It  diflfers  from  the  former  by  the  finstules  not  forming  zigzag 
chains,  and  from  the  latter  by  its  bcmd-like  filaments.  ''  The  principal  organo- 
graphical  character  that  distinguishes  Bacillaria  from  the  Fragilarieae  is  the 
same  that  allies  it  to  a  different  group  of  the  family,  viz.  the  interruption  of 
the  transverse  striae  in  the  median  line  of  the  secondary  sur&oes,  to  which  is 
added  the  parallelism  of  the  primary  surfaces."  (Menegh.) 

Donkiii, 
Marine. 


*  Frufsttdes  united  into  a  short  hand, 
Bacillabia    paradoxa     ((>mel.).  — 

Valves  linear  lanceolate,  £  Inf.  p.  195 ; 

SBD.  pi.  32.   f.  279.     Ditches  m  salt 

marshes.     Europe,    (rv.  18 ;    ix.   166, 

167.) 

^*  Frmtuks  bundled. 
B.  cursoria  (Donkin). — ^Valves  lanceo- 


late, hyaline;  strife  obsolete. 
TMS.  vi.  p.  16,  pL  a  f.  12. 
England,    (iv.  19.) 

B.  socidUe  (Greg.). — ^Valves  lanceolate, 
with  fine,  but  distmct,  transverse  stris. 
=  Nitzschia  socuUisy  Greg.  TMS.  v.  p.  8, 
pL  1.  f.  46.  Marine.  ScoUand.  FrostuleB 
m  groups,  strias  30  to  36  in  *001.  Greg. 


Genus  HOMCEGCLADI A  (Ag.).  — Frustules  badllar,  Nitzschoid,  within 
subular,  submembranaceous,  branched  filaments.  The  frustules  are  usually 
fasciculated ;  and  their  structure,  which  is  that  of  the  genus  Nitzsdiia,  sepa- 
rates the  present  fix)m  the  other  frondose  genera  (Sm.).  When  dried,  the 
filaments  become  opake,  and  usually  acquire  a  metallic  lustre. 


IIoMCBOCLADiA  Martiana  (Ag.). — 
Frond  umbellatelv  branched,  membrana- 
ceous, rugose,  opaKewhen  dried;  frustules 
crowded,  linear,  elongated,  obtuse.  Ag. 
CD.  p.  25 ;  KB.  p.  110,  t  30.  f.  83.  =2: 
AngUca,  Ral&i,  Annals,  zvi.  pi.  3.  f.  1. 
Marine.  Europe,  (rv.  2,3;  xrv.  47-49.) 
Fronds  much  branched,  flaccid  when  re- 
cent, and  of  a  dark  olive-colour,  with  a 
metallic  lustre  and  transversely  wrinkled 
when  dried. 


I  H.  AngUea  (Ag.).  —  Frond  trichoto- 
mous  below,  dichotomous  above,  opake 
when  dry,  scarcely  rugose :  frustules  veiy 
long,  linear,  obtuse.  Ag  CD.  p.  25 ;  K& 
t30.  f.82.  France  and  England.  Does 
not  adhere  to  paper.  We  are  mu^e  to 
determine  from  me  fragments  we  have 
examined  whether  this  is  truly  dis^ct 
from  jET.  Martiana, 

H.  Arbuscuia  (K.). — ^Very  much  and 
mnbellately  branched,   upper   bnuaches 
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&8ciciiltt,  capillary,  flpuiioxifllj  jointed ; 
frastoles  linear,  elongated,  obtuse, 
smooth.  KB.  p.  Ill,  t  22.  fl  IL  Ma- 
rine.   Venice.    1-7". 

H.  dHatata  (K). — ^Much  branched,  se- 
taoeouB,  branches  &9tigiate,  incrassated 
aboTe,  clayate;  fiiscicmi  closely  conti- 
guous ;  frustules  linear,  elongated,  acicu- 
Ur,  obtuse.  KB.  p.  Ill,  t  23.  f.  1.  Ma- 
rine.   Adriatic.    1-12". 

H.  momHformis  (Kiitz.). — Canillary; 
branches  slender,  elongated,  monuiform  -, 
fitfciculi  of  frustules  remote:  frustules 
Teij  long  linear,  obtuse.  KB.  p.  110, 
t22.fllO.    Adriatic,    (xiv.46,^.) 

H.  fumila  (Ag.,  K.). — ^Irregularly  di- 
vided mto  equal,  obsoletely-furticulated, 
capillary  branche.s ;  £rudtules  short  linear, 
with  rounded  ends.  KB.  p.  110,  t.  22. 
t  d.^ScMzonemapumilumf  Ag  CD.  p.  16. 
Adriatic     (xiv.  37, 38.) 

R.  peniculata  (Kiitz.\  —  Fastigiately 
branched ;    branches   diyaricate,    fasti- 


^tely  diyided;  terminal  nunuli  white, 
in  pencils;  primary  tube  thick,  ffdati- 
nons  cartilagmous ;  firustulee  densely  ag- 
gregated, Slender,  linear  acicular,  yery 
narrow.    KSA.  p.  97.    France. 

H.  lubriea  (Me^  K).  —  Gelatinous, 
green,  setaceous,  for  the  most  part  di- 
yided  at  the  apex;  frustules  &scicu- 
late,  densely  aggregated,  linear.  KSA. 
p.  08.  =  8Mu>nema  bibricum,  Menegh. 
Adriatic 

B^Jilifomw  (S.). — ^Frond  simple ;  £eub- 
cdcles  or  3  or  4  firustules;  front  yiew 
linear-lanceolate,  obtuse;  yalyes  linear 
lanceolate,  subacute.  SBD.  ii.  p.  80,  pL 
65.  fl  348.  Brackish  and  fresh  water. 
England,   (iv.  25.) 

IL  eigmoidea  (8.). — Frond  simple; 
frustules  irregularly  fasciculated  in  bun- 
dles of  about  6;  front  yiew  sigmoid; 
yalyes  linear,  with  attenuated  ends.  SBD. 
ii.  p.  81,  pi.  55.  f.  349.  Brackish  water. 
Britain,   (iv.  26.) 


Genus  SYNEDEA  (Ehr.). — ^Frustules  elongated,  wand-like,  attached  by 
the  lower  end,  lateral  surfaces  equal  to  or  less  than  the  fh)nt  yiew,  trayersed 
by  a  smooth  median  longitudinal  line.  The  true  species  of  Synedra  are 
distinguished  fr*om  all  other  genera  by  their  wand-like  form  and  attachment 
by  one  end.  They  are  usually  either  fasciculated  or  fixed  to  a  distinct  stipes 
in  a  fan-like  manner.  ^'  As  to  the  organographical  considerations  which  can 
be  instituted  in  this  genus,  they  reduce  themselyes  to  the  single  one  of  length 
predominating  over  breadtii  and  the  eminently  bacillaiy  form  derived  from  it. 
Thus  Kiitzing  observed  of  the  opposite  characters  of  .Synedra  and  Surirella, 
that  the  lateral  surfaces  exceeded  in  one  the  primary  surfaces  in  the  other." 
Several  of  the  species  at  present  placed  in  this  genus  may  prove,  when  better 
known,  to  belong  to  Nitzschia. 


*  MimUe :  aUachment  slight ;  8tri€B 
indutmct  or  obsolete, 

Sykbdba  quadrtmgtda  (K.).  —  Very 
minute,  in  one  view  narrowly  linear,  in 
the  other  broad  quadrangular.  KB.  p. 
63,  t  3.  f.  23.    Marine.    Norway. 

S.  Atomus  (^^  Na^). — Very  mmute,  in 
one  view  eUiptic  with  rounded  apices, 
in  the  other  linear  truncate.  KSA.  p. 
40,= Amphora  AUmws,  KB.  t.  30.  f.  70; 
Synedra  minutiasima,  /3  peUiculosaf  K. 
(according  to  M.  de  Br^isson).  Fresh 
water.     Europe. 

S,perpu8illa  (BL). — ^Very  minute;  front 
view  very  narrow  linear ;  valves  lanceo- 
late, contracted  near  the  obtuse  apices. 
KB.  p.  63,  t  3.  £  31.    Venice. 

S.  Biaeolettiana  (K.). — Very  minute; 
front  yiew  very  narrow  linear,  arcuate ; 
yalves  lanceolate,  obtuse.  KB.  p.  63,  t. 
8.  f.  22.    Fresh  water.    Trieste. 

S.  pusUla  (K.). — Minute;  front  view 


broadly  linear;  valves  oblong-elliptic, 
with  somewhat  rounded  apices.  KB. 
p.  63,  t.  3.  t  29.    Carlsbad.     1-1800". 

S.  angustata  (K.\  Front  view  very 
narrow  linear;  valves  broader,  oblong, 
with  attenuated,  rather  obtuse  apices. 
KB.  p.  64,  t  4  f.  1,  3.  Hot  sprimrs. 
Italy.    1-720". 

S.  virginaHs  (BL). — Front  view  linear, 
truncate,  with  attenuated  centre ;  vidves 
lanceolate.  KK  p.  64,  t.  3.  f.  15.  Qenoa. 
1-600". 

S.  ventricosa  (Rab.). — Front  view  nar- 
row linear;  valves  ventricose,  with  short, 
produced,  beak-like  apices.  Rab  D.  p.  52, 
t.  4  £  36.    Apennines. 

"S*  Frustules  in  lateral  view  arcuate. 

S.  hmaris  (E.). — ^Valves  narrow,  linear, 
arcuate,  slightly  attenuated,  obtuse; 
striflB  faint,  36  m  -001".  EI.  1. 17.  f.  4: 
SBD.  L  p.  60,  pi.  11.  f.  82.  Fresh  water. 
Common.  Europe,  Asia,  and  America. 
3b 
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(x.  185.)  Frustules  affixed,  often  aggre- 
gated 

S.fakata(K.). — ^Valves  aicuate,  linear, 
with  obtuse  apicee,  £unt  8tri»,  undulated 
venter.    KSA.  p.  48.    Paria. 

8.  bOmutris  (E.).  —  Valves  linear, 
curved,  bilunate,  obtuse,  attached,  more 
attenuated  at  base ;  striie  obscure.  £L 
tl7.fl6.  Freshwater.  Europe.  Valves 
bent  inwards  at  the  middle,  so  as  to  be- 
come bilunate. 

S.  Ummuima  (Sm.). — Valve  much  elon- 
gated, uijghUj  and  gradually  attenuated, 
with  capitate  apices ;  strisd  28  in  <X)1". 
SBD.  i.  p.  72,  pL  12.  f.  96.  Botanic  Gar- 
den, Belfiast.  Is  this  distinct  from  S. 
bicqM? 

S.  biceps  (K.). — ^Much  elongated ;  valves 
very  slender,  graduallv  attenuated,  with 
capitate  apices  and  oistinct  transverse 
stn«.  KB.  p.  66,  t  14.  fl  18.  Freeh 
water.  Europe.  1-100"  to  1-60".  Front 
view  linear,  with  striated  margins,  some- 
times dilated  at  the  ends. 

S.  ahnna  (Nag.).  —  Slender,  faintly 
striated;  front  view  straight,  linear; 
valves  arcuate,  very  narrow  lanceolate, 
with  produced  capitate  apices.  KSA. 
p.  48.    Switzerland.     1-600"  to  1-386". 

S.  subarcuata  (Nag.). — Small;  front 
view  straight,  linear,  valves  slightly  ar- 
cuate, witn  produced  capitate  apices. 
1-2400"  to  1-1200".  Switzerland.  Like 
8.  alpina,  but  only  half  the  size.    Kab. 

S.Jlexuoaa  (Br^b.). — Front  view  broadly 
linear ;  valves  linear,  curved,  sometimes 
flexuose,  with  capitate  apices  and  very 
fine  transverse  stnee.  ==  Eunotia  flexttosa, 
KSA.  p.  6 ;  i&  bicepsy  SBD.  i.  pL  11.  f.  83. 
Fresh  water.  France,  England.  /3,  valves 
two  or  three  times  flexed.  Diliers  from 
S,  biceps  in  having  linear,  not  tapering 
valves. 

S.  pachycepJuUa  (K.).  —  Front  view 
slender,  linear :  valves  linear,  slightly 
arcuate,  with  claviform  apices  and  mdi- 
stinct  striae.  =  Eunotia  pachycephaJUf 
KSA.  p.  6.    Fresh  water.    Europe. 

S.  arcuata  (Nag.).  —  Smooth;  front 
view  straight,  Imear,  with  truncate  ends; 
valves  linear,  arcuate,  with  rounded 
apices.     KSA jp.  890.     Switzerland. 

S.  gibbosa  (K.). — Front  view  linear; 
valves  arcuate,  taperingf  to  the  slightly 
constricted  recurved  apices ;  venter  con- 
cave, gibbous  at  the  middle.  siVar*0u^ 
Arcus,  EI.  p.  182 ;  CymheUa  Arcus,  HBA. 
p.  429 ;  Ceratoneis  Arcus,  KB.  p.  104, 
t.  6.  f  10;  Ewwtia  Arcus,  SBD.  i.  p.  16, 
pi.  2.  f.  15.  Fresh  water.  Europe.  The 
mistules  are  affixed,  as  in  other  species 
of  Synedra. 


S.  kamata  (S.).  —  Valvee  linear  or 
linear-lanceolate,  with  suddenly  con- 
stricted, produced,  incurved  apices ;  strite 
marffinal,  80  in  <X)1".  SBD.  i  p.  73,  jO. 
80.  £  264.    Fresh  water.    Susoex. 

8  *  Takes  straight,  wUh  a  dreular,  defi* 
mie  central  pseudo-notbUe. 

S. /iMfcAeOi  (Ralfs,  Kutz.).--Frufltnle8 
in  £ui-8haped  clusters  on  a  compreased- 
dichotomous  stipes;  valves  lanceolate, 
obtuse,  with  a  median  umbilicus.  KB. 
p.  68,  t  29.  f.  87;  SBD.  L  p.  70, £  84.= 
Ctenophora  pttUMtOy  Brib.,  Sunedr^ 
Vertebray  Greg.  MJ.  iiL  pL  4.  £  22.  Ponds 
and  slow  stre^uns.  England  and  France. 
Striae  33  in  -001",  Sm. 

S.  minutissima  (K.). — ^Very  minute; 
fr^nt  view  narrow  linear ;  valves  lanceo- 
late, rather  obtuse;  strise  36  in  "OOl". 
KB.  p.  63,  t.  8.  f.  80;  SBD.  pL  IL  £  87. 
Fresh  water.    Europe. 

S.  gracilis  (K.).  —  Frustules  affixed, 
scattered ;  valves  lanceolate,  acute,  with 
amedian  pseudo-nodule.  KB. p.  64, 1. 16. 
£  8 ;  SBD.  L  p.  70,  pi.  11.  £  85.  Ifarine. 
Europe.    StnsB  obscure,  89  in  '001'',  Sm. 

S.  SmUhii(EL\ — Frustules  irregularlv 
affixed;  valves  lanceolate,  acute,  witli 
36  very  faint  strite  in  *OOL"=£^neilnii 
aciculariSf  SBD.  i.  p.  70,  pL  11.  £  86. 
Brackish  water.    England. 

4*  Valves  with  very  hng  awn-Uke  beaks 
(Toxarium) ;  noMe  obsolete. 

S.  ufubilata  (Bailey). — ^Valves  skoder, 
lanceolate  at  the  middle,  ti4>ering  iato 
very  long,  linear,  undulated  awns,  with 
clavate  apices.  SBD.  ii.  p.  97;  QregDC. 
p.  59,  pL  6.  £  107,  szTorariumwuhMmn, 
Bailey,  MO.  p.  15,  figs.  24,  26.  Marine. 
America  and  Europe.  Front  view  linear, 
broader ;  valves  arcuate  or  straight,  with 
24  moniliform  stri»  in  "OOl". 

S.  Hermedyana  (Gbeg.). — ^Fmstuks  as 
in  S,  undtdata,  but  the  awns  not  undu- 
late. GDC.  p.  60,  pL  a  £  lOa  Marine. 
Scotland. 

6  *  Frustules  affixed,  aggregated  or  seat- 
tered;  pseudo'^wd¥le  chsewre  or  «•- 
definite, 

S,  pamda  (K.\ — ^Pront  view  linear, 
truncate ;  valves  oroad  lanceolate,  acute. 
KB.  p.  64,  t. 30.  £32.  Freshwater.  Ger- 
many and  France.  1-1200".  Sometimes 
free,  sometimes  attached  and  densely 
aggregated  in  a  radiant  manner. 

S.  subOlis  (K}.  —  Slender,  ladiant; 
valves  narrow  linear-lanceolate,  verv 
acute.    KB  p.  64, 1 14  £  2a.  ^yaricmf^ 
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AeuB,  Ehd.^.  176,  t.  IS.  I ^  (el.  147.) 
Oermany  and  Fcance. 

S.  dMpata  (K).— Slender,  affixed, 
nidiaiit;  mmt  view  narrow  linear,  trun- 
cate^ valves  narrow  lanceolate,  acute. 
KB.  p.  64,  t  14.  f.  S,^S.  fascieuiata, 
El.  t.  17.  fl  3.  Fresh  water.  Europe, 
Australia,  and  Asia. 

S^fameliea  (K). — ^Delicate,  irregxdaily 
aggregated^  very  narrow  linear  truncate 
inlateral  view,  front  view  rather  acute. 
KR  p.  64,  t  14  £  8. 1.  Fresh  water. 
Cbrmanj.  Is  a  somewhat  larger  form  of 
ReUss^fMiOy  Rab. 

S.  radians  (K.). — Delicate,  densely 
aggregated,  radiant ;  front  view  very  nar- 
row linear,  truncate }  valves  narrow  lan- 
ceolate, rather  obtuse.  KR  p.  64,  t.  14. 
f.  7.  Europe.  1-60(X'.  A  minute  species. 

S.  temasMma  (K.).  —  Very  slender, 
elongated;  front  view  exactly  linear, 
truncate;  valves  acicular,  acute.  KB. 
p.  64,  t  14  f.  6.  Stagnant  waters. 
Qermany  and  France.     1-180". 

S.  temtia  (K). — Slender,  elongated; 
front  view  exactly  linear,  truncate; 
valves  narrow  lanceolate,  with  some- 
what obtuse  apices.  KR  p.  65,  t  14. 
f.  12.  Fresh  water.  (Germany  and 
France.    1-168". 

S.  Aevla  (K).  —  Slender,  elongated, 
lanceolate,  in  m>nt  view  truncate,  in 
lateral  view  very  acute.  KB.  p.  65, 1. 14 
fl  20.  Fresh  water.  Dalmatia  and 
France.    1-72". 

8.  Uevis  (E.). — Slightlv  and  irregularlv 
affixed ;  front  view  sligntly  attenuated, 
truncate;  valves  more  attenuated,  ob- 
tuse. EA.  1 2.  a  f.  2.  Marine.  Europe 
and  America.    1-180". 

S.  graciUima  (Rab.). — Front  view 
«long»ted,  very  narrow  linear;  valves 
linear,  acicular,  acute.  Hab  D.  p.  53, 
t.4.  £20c^e.    Dresden. 

8.  taUna  (S.).  —  Valves  lanceolate, 
gradually  tapering  towards  the  somewhat 
obtuse  apices ;  strias  distinct,  32  in  "OOl". 
8BD.  i.  p.  71,  pL  11.  f.  88.  Marine. 
jEiZigland. 

S.  apietdata  (Rab.). — Very  slender; 
valves  linear,  acicular,  with  shorUv 
tapering  apices,  faintly  striated.  Rab  D. 
p.  56,  t  5.  £  20  a,  b,  c.    Dresden. 

8.  an^^hkephala  (K.). — Slender ;  front 
view  linear,  truncate;  valves  narrow 
lanceolate,  tapering,  witii  capitate  apices. 
ISB,  p.  64,  t  8.  f.  12.  Fresh  water. 
Germany.     1-360^'. 

S.fontmaUsi^,), — ^Frustules  scattered ; 
valves  linear4anceolate  or  elliptic-lan- 
oeolate,  with  produced,  subcapitate 
apices;  nodule  indefinite;  strise  27  in 


OOr,  8m  ANH.  1857,  p.  9,  pL  1.  £  9. 
Fresh  water.    Pyrenees. 

S.  gibba  (R). — Smooth,  fasciculated, 
eloujjrated,  narrow  linear;  valves  broadly 
tumid  at  the  middle,  with  gradually 
attenuated,  obtuse  apices.  EA.  p.  137. 
United  States. 

S.  deUoatimma  (S.). — Valves  elon- 
gated, very  narrow,  gradually  tapering 
to  the  subacute  u>ice8 ;  strife  27  in  001. 
SBD.ip.72,pL12.£94  Pseudo-nodule 
indefinite. 

S.  tenera  (S.).  —  Frustules  clustered ; 
valve  neariy  linear  or  attenuated  toifwds 
the  slightly  inflated  M>ices ;  nodule  inde- 
finite ;  stncB  60  in  -001".  SBD.  ii  p.  98. 
Fresh  water.  Britain.  In  outline  not 
unlike  8,  delioatissima,  but  fSeur  smaller 
and  with  more  delicate  striae,  Sm. 

S.  laneeolata  (K.). — ^Front  view  nar- 
row linear,  with  slightly  dilated  M>icee ; 
valves  lanceolate,  distinctly  striated,  with 
a  blank,  rhomboid  median  space.  ELB. 
p.  66,  t  30.  £  31.  America.  1-600"  to 
1-310". 

S.  debiUs  (K.). — ^Minute;  front  view 
slightly  attenuated,  truncate,  witibi  obso- 
letely  striated  margins;  valves  lanceo- 
late, with  produced  apices.  KB.  p.  65, 
t  3.  £  45.  s  Aparrecta,  Rab  D.  p.  55, 
pL  4  £  27.  Stagnant  waters.  Emrope, 
common. 

S.  mesoiepta  (K).— Delicate ;  front 
view  dilated  at  the  ends;  valves  lan- 
ceolate, curved  or  slightly  sigmoid. 
KB.  p.  66,  t  80.  £  30.  America. 
1-160^. 

8.notata  (K.). — Small,  with  obsoletely 
striated  margins^  front  view  quadran- 
gular; valves  elliptic-oblonff,  with  ob- 
tuse ends.  KB.  p.  65, 1 3.  £  33.  Stag- 
nant waters.    Europe.    1-650". 

S.  Martensiana  (K).  —  Small,  di- 
stinctly striated;  front  view  linear,  trun- 
cate; valves  rather  broader,  hmceolate, 
subacute.  KB.  p.  65,  t.  3.  £  9.  Marine. 
Europe. 

S.  Vaucher%€B  (K). — ^Minute;  front 
view  linear,  truncate;  valves  linear- 
lanceolate  with  somewhat  produced 
ends,  indefinite  pseudo-nodule,  and  30 
marginal  striss  m  <X)1".  KB.  p.  65, 
t.  14  £  4;  SBD.  L  p.  73,  pL  IL  £  99. 
Fresh  water,  especially  on  species  of 
Vaucheria.    Europe. 

S.  iBqudlia  (K.).  —  Front  view  dilated 
at  the  ends ;  valves  linear,  with  rounded 
apices,  indefinite  pseudo-nodule,  and  24 
strisB  m  -001".  KB.  p.  66,  t.  14  £  14  = 
8.  obtma,  SBD.  i.  p.  71,  pi.  11.  £  92. 
Stagnant  waters.    Europe.    1-140". 

S.  inocstiens  (S.).  —  Valves  linear, 
3e2 
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sli^tly  attenuated  towards  the  nmnded 
apiceSy  nodule  obsolete:  struB  26  in 
•001".  SBD.  iL  p.  Oa  Marine.  Scot- 
land. 

8.  acuta  (R). — Front  view  eiactly 
linear,  truncate ;  valvee  linear,  striateo, 
Buddenly  acuminated  near  the  apices. 
£A.  1. 1.  2.  t  22.  America,  Asia,  Au- 
stralia, and  Africa.    1-144". 

8.  Oxyrhyndjmi  (K).  —  Front  yiew 
linear;  yalyes linear,  narrower,  suddenly 
contracted  into  a  beak  at  the  ends.  KB. 
p.  66,  t  14.  £  9-11.  Germany.  Di- 
stinguished from  &  acuta  by  its  con- 
stricted ends. 

8.  viirea  (K). — Front  view  with  di- 
lated apices;  valves  linear,  with  sud- 
denly attenuated,  obtuse  ends.  KB. 
p.  66,  t  14.  fl  17.  France.  Distin- 
guished from  8.  Ort/rhynchui  only  by  its 
dilated  ends  in  the  front  view,  Hab. 

8.  amphirhynchuB  (£.). — ^Larve ;  front 
view  linear,  not  dilated  at  the  ends; 
valves  contracted  into  obtuse  beaks. 
EA.  t  3.  1.  f.  25.  Fresh  water.  Eu- 
rope^ Africa,  and  America.  1-120"  to 
1-96".    No  large,  median,  smooth  space. 

^.pr€6mor9a  (E.). — Front  view  broadly 
linear,  with  truncated,  cuneate  apices; 
valves  linear,  with  rounded  cuneate  ends. 
EA.  t.  3.  6.  f.  11.    Mexico. 

8.  deformis  (S.). — Valves  linear  or 
linear-elliptical,  suddenly  constricted 
towards  the  produced  and  often  distorted 
extremities;  nodule  obsolete;  stri»  36 
m  <X)1".  SBD.  ii.  p.  9a  Fresh  water. 
Sussex. 

S.  Ulna  (E.).  —  Front  view  exactly 
linear :  valves  unear,  slightiy  attenuated 
near  tne  obtuse  apices.  £  Inf.  1. 17.  f.  1 ; 
SBD.  i.  p.  71,  pi.  11.  f.  90.  Fresh  water. 
Europe,  Asia,  Australia,  Africa,  and 
America,  (x.  184.)  1-280"  to  1-100". 
StriiB24in  <X)1",  Sm. 

8.  Bplendens  (K). — ^Large,  elongated; 
front  view  witii  dilated  truncate  ends ; 
valves  lanceolate,  obtuse.  KB.  p.  ^j 
t  14.  f.  16.=iS.  radians,  SBD.  i.  p.  71, 
in  part  Freeh  water.  Europe,  Asia, 
and:  Africa.  1-72".  Differs  from  & 
Ulna  merely  in  its  dilated  apices,  Rab. 

S.  Danica  (K.). — Slender ;  front  view 
with  dilated,  truncate  ends ;  valyes  lan- 
ceolate with  slightly  clavate  apices. 
KR  p.  66,  t.  14.  f.  13.  Stagnant  waters. 
Europe.  1-140".  Is  only  a  more  slen- 
der form  of  S.  9plendenSf  Rab. 

S.  mesocampa  (Br^b.). — Size  and  form 
of  &  Ulna,  but  in  the  lateral  view  flexed 
at  the  middle.    KSA.  p.  44.    France. 

S.  capitata  (EX — Valyes  linear,  with 
the  extremities  dilated  into  a  triangular 


head;  atrin  28  in  OOl".  £  In£  t.  2L 
£28;  8BD.ip.72,pL12.£9a  Freah 
water.  Europe,  Asia,  Africa,  and  Ame- 
rica, (nr.  29;  X.  186.)  Very  large:  length 
1-120"  to  1-40". 

8.  lonmctp$  (E.). — Very  large,  in  fbnn 
approaching  very  near  to  &  cofiuOa,  bat 
with  styliform,  produced  apices.  KRRA. 
1845.  Fresh  water.  America.  1-12** 
to  1-144". 

6*  IhatuletattachedhyaduimeiyWMmey 
penistentftt^tea;  p$emUhnodulecimlde 
or  indefinite. 

t  Fnistules  in  fan-shf^[>ed  dusters  on  a 
shorty  mostiy  simple,  stipes. 

S.  AeH9  (Kiitz.). — lender,  smooth; 
front  view  slightiy  attenuated,  Izuncate; 
valves  very  narrow  lanceolate,  acicular. 
KB.  p.  68, 1 15.  f.  7.  Hamburgh.  1-960". 

^.fatmUaria  (K). — Smoot£^  distinctly 
tabellate  and  flabellately  dian^ted'; 
front  view  slightly  attenuated  near  the 
truncate  ends ;  valves  lanceolate,  acute. 
KB.  p.  68, 1. 15.  £12.    France.     1-320". 

S.oarva  (K). — Minute,  smootli,  nar- 
row unear,  truncate ;  valves  narrow  lan- 
ceokte.  KR  p.  67.  t  15.  £  9.  Marine. 
Italy.    1-960". 

S.  toeiaUs  (Rab.). — ^Fiont  view  linear, 
with  truncated^  cuneate  ends;  v^ves 
lanceolate,  distmctiy  striated.  Rab  D. 
p.  56,  t  4.  £  22.    Freeh  water.     Italy. 

8.  GaiUonii  (E.). — ^Frustules  large,  on 
a  thick,  convex  stipes;  valvea  lanceo- 
late ;  striae  36  in  -001",  interrupted  Jby  a 
median  line.  E  In£  t.  17.  £  2 :  WD. 
i  p.  74,  pi.  30.  £265.  Marine.  Europe, 
Aj^ia,  Africa,  and  America,  (xn.  34.  3d.) 
1-120"  to  1-100". 

8.  fascicuiata  (Aa.,  K).— Frustules  ta- 
bulate, on  a  thicK,  henuspherical  stipes; 
front  view  linear,  with  subal^^nuate, 
truncate  apices ;  valves  laaoeoliute.  KK 
p.  68,  t  15.  £  6.szDiatomafa8ciadaitBmf 
Ag  CD.  p.  51.    Marine.     Common. 

^.tabutata  (Ag.,  K).— Fnistules  large, 
on  a  thick,  abbreviated  stipes;  frooit 
view  broadljT  linear,  truncate;  vahres 
lanceolate,  with  subcapitate  apices ;  stria 
marginal.  27  in  -001".  KB.  p.  68,  t.  15. 
£  10;  SBD.  pi.  12.  £  9d.  :=. Diaioma 
tabulatum,  AgCD.  p.  50.  Marine. 
Europe. 

S.  q^Em«(K).— Fnistules  subtabulate, 
on  a  nemispherical  stipes;  front  view 
slender,  linear,  with  suiMittenuate  trun- 
cate apices;  valves  lanceolate,  acnte, 
with  ^  marginal  strise  in  OOl".    KB 

68,  t  15.  £  6,  11 ;  SBD.  L  p.  7a 
le.     Europe.     1-320".      Fnistales 


Marine 
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in  flabellate  or  radiating  bundles, 

rbatuia  (K). — ^Minutey  tabulate ; 
iew  linear,  truncate,  with  a  ter- 
lucoufl  appendage;  yalves  elliptic- 
ite.  KB.  pTee,  1 16.  £  10.  4. 
.  Europe.  1-960". 
ineiUa  (Grev.). — ^Fnistules  united 
lets,  obscurely  stipitate;  front 
aear,  truncate ;  valves  lanceolate, 
=s  Diatoma  and  ExHaria  truncata, 

JExtlarta     faaciculataf    Hass. ; 
^/aseiculata,  SBD.  I  p.  78,  pL  11. 

Fresh  water.    Europe.    Strin 
K)r,  Sm. 

jreua  (K.).— Prustulee  flabellate, 
d  to  a  cushion-like  stipes ;  frx>nt 
irved ;  valves  lanceolate,  with  80 
al  striae  in  -001.  KB.  p.  68, 1 30. 
SBD.  I  p.  73,  f.  98.     (iv.  27.) 

Europe  and  America. 

Vustules  on  an  elongated,  often 
branched,  stipes. 

^krenheroH  JK.). — Frustules   at- 
)d  near  the  ootuse  apices,  terminal 
[ig,  linear  stipes.    KB.  p.  69, 1 1 1. 
?iesh  water.    Berlin. 
aconiea  (K.), — Stipes  a  little  elon- 

frustulee  slender;  front  view 
truncate ;  valves  narrow  lanceo- 
KRp.68,t.l6.f.  14  Salt  Lake 
sfeld;     1-330^'. 

iffens  (Grev.,  S.). — ^Frustules  ter- 
ra^ a  thick,  branched  stipes,  ge- 

linear,  truncate;  valves  linear, 
[  at  centre  and  ends ;  striae  S6  in 

SBD.  L  p.  74,  pi.  13.  f.  103.= 
a  fuigent,  Grev.;  Licmophora 
f  KB.  1. 18.  f.  6.  Marine,  fairope 
aerica. 

rystattina  (Aff.,  K). — Frustules 
urge,  on  a  thickish  abbreviated 
valves  linear,  inflated  at  centre 
ices ;  striae  distinct,  26  in  -OOl". 
69, 1 16.  f.  1 ;  SBD.  pi.  12.  f.  101. 
loma  erystaiUnay  Ag.  Marine. 
•  1-60"  to  1-48". 
\iperha  (K).  —  Stipes  somewhat 
ed;  valves  stout,  linear-lanceo- 
ith  rounded  ends ;  striae  very  di- 
27  in  -001".     KB.  p.  69,  t  16. 

SBD.  i  p.  74,  pi.   12.  fl  102. 

Europe. 
olmaUca  (K). — Stipes  somewhat 


elongated  and  branched ;  frustules  large, 
linear,  slightly  and  gradually  attenu- 
ated at  the  subtruncate  ends.  ELB. 
p.  69, 1 12. 1 2.  Marine.  Adriatic  Sea. 
Frustules  terminal  on  the  branches. 
1-240". 

S.  robmta,  n.  s.  —  Frustules  linear ; 
valves  elliptical,  ends  rounded.  Striae 
20  in  *001",  interrupted  by  three  equi- 
distant longitudinal  lines.  *0120"  to 
•0176''.    A§8B,  Corsica,    (ym.  8.) 

S.  gigantea  (Lobarz.). — ^Frustules  very 
long,  delicate,  somewhat  twisted,  linear, 
truncate :  valves  very  narrow,  with  di- 
lated, oDovate  apices.  Lobarzewsky, 
Linnaea,  1840,  p.  276,  t  6 ;  KSA.  p.  48. 
Marine.    Dalmatia. 

7  *  Fruttules  connected  in  tablets,  at 
length  separating,  and  adhering  by 
altemate  angles,  as  in  Diatoma, 

S.  rumpens  (KUtz,). — Tablets  affixed ; 
frustules  very  narrow  linear,  with  tumid 
obtuse  apices,  adhering  by  altemate 
angles.  KB.  p.  69, 1 16.  f.  6.  Brackish 
water.    German  coast. 

DmibtfiU  species  from  Ehrenberg. 

S.  austraUs,  —  Linear,  striated,  with 
attenuated,  obtuse  apices  in  both  views. 
ERBA.  1840;  Microg.  pi.  1.  1.  f.  8.  In 
siliceous  schist  from  the  Philippine 
Islands.     1-432". 

S.  paleacea. — Very  narrow,  smooth, 
with  subacute  apices.  EM.  pi.  1. 1. 1 1. 
With  the  last    1-480". 

S.  incurva.  —  Linear,  very  narrow, 
flexuose,  smooth,  round,  or  equally 
quadrangular.  ERBA.  1844,  p.  272. 
Bermuda.  1-288".  Perhaps  a  Spongo- 
lithis. 

S.  rostrata  rEMjpl.9. 1.  f.4.  and  pi.  14. 
f.  44). — FossiL  Irance  and  Germany, 
Valves  elongated,  slender,  linear,  with 
contracted,  conic  apices,  and  transverse 
striae. 

8.  elegans,  Asia;  8,  striata,  Asia; 
8,  Uneata,  Asia;  8,  subulata,  Africa; 
&  curvata,  America. 

S.  doUokts  (Wallich).  —  Frustules 
linear;  valve  subarcuate, pseudo-nodule 
absent.  Striae  30  in  -OOl".  -0020"  to 
O060".  Salpae.  Indian  Ocean,  Atlantic. 
Wallich,  TMS.  viu.  p.  48,  pi.  2.  t  20. 


08  DESMOGONIUM  (Ehr.).— We  are  unacquainted  with  the  characters 
genus ;  Ehrenberg's  figures  of  it  seem  to  ^ow  a  relation  to  Synedra, 
»let8  (not  single  fr^tules)  being  attached  to  each  other  by  a  connecting 
ice,  end  to  end — an  arrangement  which  simulates  a  filament. 
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DcsMOOONiUH  Ouktnense, — ^EM.  t.  34. 
6  A.  fl  3.  Apparently  not  yeiy  uncom- 
moo,  since  £hrenb^  gives  about  60 
habitats  in  Asia,  Africa,  and  America. 


(xv.  13.)  Frustnlea  not  stipitate;  valves 
without  longitudinal  riages,  mostly 
broader  than  the  front  view. 


Genus  DIMEREGRA3£MA  (N.,  G.). — Frustules  quadrangnlar,  two  or  more 
together;  valves  scarcely  broader  than  frront  view,  having  the  transverse 
costsB  or  strise  interrupted  by  a  smooth,  longitudinal  median  line.  The  frus- 
tules are  united  as  in  Denticula  or  Odontidium,  frx>m  which  genera  it  is 
distinguished  by  the  longitudinal  median  line.  Hie  structure  is  probably 
the  same  as  in  Staurosira  (£.),  the  description  of  which,  however,  is  altogether 
inapplicable  to  many  of  the  species  here  assembled. 


DiMBBEOBAMHA  minor  (Greg.).  — 
Front  view  with  convex  striated  mar^nns, 
constricted  beneath  the  conic  an^es; 
valves  narrow  lanceolate,  with  from  18 
to  20  strong  cost»  in  'QOV\^  Denticula 
minor,  GDC.  p.  23,  pL  2.  £  36.  Marine. 
Scotland. 

D.  capUaium  (Greg.). — Front  view 
with  convex,  obscurely  striated  margins, 
constricted  beneath  the  dilated  roundish 
Kpices.  ssDenticukUa  capitata,  Greg  /.  c. 
p.  22,  ^.  2.  f.  31.  Marine.  Scotland. 
is  larger  than  2).  namtmy  with  rounded 
apices.     Side  view  imknown. 

D.  nanrnn  (Greg.). — Front  view  with 
convex  margins,  constricted  beneath  the 
conic  angles;  valves  broad,  obtusely 
rhomboid,  with  rather  fine  strue.  xDen- 
Uctda  nana,  Greg  I  c,  p.  23,  pi.  2.  £  34. 
Marine.     Scotland,    (iv.  33.) 

D.  distans  (Greg.). — Front  view  con- 
stricted beneath  the  conic  angles ;  valves 
broad,  rhombic-lanceolate,  with  strong, 
short  marginal  costie,  and  a  lanceolate, 
blank  meoian  sj^ace.  =s  Denticula  distam, 
Greg  Lc.  ^23,  pi.  2.  £  36.  Marine. 
ScoUand.  is  larger  than  2>.  mmor,  and 
its  valves  broader,     (iv.  34.) 

D.  Bhomhus^FragHaria?  Rhombuif 
EM.  pi.  8.  1.  £  16.  Fossil.  Hungary. 
Valves  broadly  rhomboid,  with  marginal 
costflB,  and  a  smooth  median  space. 

B.Julvum  (Greg.). — Front  view  elon- 
gated, with  striat^  mai^gins,  constricted 
beneath  the  dilated  apices ;  valves  nar- 
row lanceolate,  with  dilated,  subcapi- 
tate  apices;  striae  moniliform,  nearly 
reaching  the  centre.  =  Denticula  fuka, 
GDC.  p,  24,  pi.  2.  £  3a  Marine.  Scot- 
land. 

D.  marinum  (Greg.).  —  Front  view 
elongated,  linear,  with  striated  margins 
and  slightly  produced  angles;  valves 
linear,  with  gibbous  midme,  obtusely 
conic  apices,  and  about  10  coarsely 
moniliform  striad  in  'O0V\  »DefUieuia 
marinoj  Greg  ^  c.  p.  24,  pL  2.  £  39. 
Marine.     Scotland. 


D.  mutabUe  (Sm.). — ^Filaments  elon- 
gated ;  valves  oblong  or  lanceolate,  with 
20  marginal  eostaa  in  <X)1".  >=  Odtmtidimii 
mtiteWfe,  SBD.  ii.  p.  17,  pL  34.  £  290; 
Frag^aria  an^^iioxySj  £M.  pL  39.  3. 
£  63.    Fresh  water.    Europe. 

D.  Leptocerot  (K). — Valves  rhomboid- 
linear,  with  longly  attenuated,  acute, 
straight  ends,  finely  striated  mamns, 
and  a  smooth  median  space.  sl^VcmarM 
LeptoceroSf  ERBA.  1844,  p.  82;  OdbnfH 
c^um  Leptoeeros,  KSA.  p.  13-  North 
America. 

D.  gimtatum  (Thwaites). — ^Front  view 
linear,  truncate;  valves  ihomboid-lan- 
ceolate,  with  slightly  undulated  noAtgins ; 
striad  delicate,  62  in  <X)1" ;  costes  inter- 
rupted, 10  in  -OOV'.^Dentieuia  mmuta, 
SBD.  iL  p.  21,  pL  34.  £  295.  Fwih 
water,    ^tain.     (rv,  12.) 

D.  TabeOaria  (Sm.).  — filaments  fra- 
gile ;  valves  with  constricted  or  inflated 
middle,  rostrate  apices,  and  36  delicate 
costas  in  -001",  ^Ddontidmm  TtAeOaria, 
SBD.  ii.  p.  17,  t  34.  £  29L  a,  valves 
inflated  at  the  middle,  s'Staifroauna  oan- 
struens,  Eh.P  j3,  valves  constricted  at 
the  middle,     (jy.  36^ 

D.  biroUris  (E,\ — ^Very  minute;  valvea 
lanceolate,  suddenly  rostrate,  acute; 
striae  interrupted  by  a  median  line.s 
FragHaria  Uroetris,  ERBA.  1844,  p.  342; 
Microg.  pL  38  a.  2.  £  a  FoasiL  Ger- 
many. 1-3120".  Has  neariy  the  cha- 
racters of  a  Stauiosira,  £h. 

D.  informe  (S.).— Valves  elliptical, 
with  an  irregular  inflation  at  the  centre, 
and  hence  subcruciform ;  ooetas  18  in 
<X)1."=:  OdontitHum  mformey  S  Annals, 
1867,  p.  10,  pL  1.  £  IS.  Freeh  water. 
France. 

D.  HarrimmU  (Bm.).  — Frustules  fre- 
quently adhering  ny  tneir  anoies ;  valves 
cruciform,  with  rounded  lones;  costae 
distmct,  13  in  -001".  =  Odofrfuteim? 
HarriaonU,  SBD.  ii.  p.  18,  pL  60  £  378. 
Fresh  water.  HulL  The  valves  in  fonn 
resemble  those  of  a  small  Tetcacydita, 
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bat  have  inteomipted  ooetaD;  the  front 
vie-w,  too,  is  voiy  different    (xvni.  6.) 

D.  pmnatum  (E.). — Valve  cruciform, 
with  angular  lobefl ;  costae  as  in  D.  j5ar- 
ri$€mu.^iSUmro8ira  ptrmata,  £M.  t.  5.  2. 
£  24;  Odontidium  Marrisamiy  fi.  Roper, 
MJ.  ii.  p.  6^  £  6.  Europe  and  America, 
(vm.  4.) 

D,  apeeiomm  (Brightwell).  —  Valve 
sabcrudform  or  rhomboidal ;  angles 
rounded,  naked )  costae  short,  distinct,  16 
on  each  side.  =  OdonUcUum  medosum, 
Brightwell,  JMS.  vii  p.  180,  pt  9.  f.  8. 


D.  Surirdla  a  FragUaria  SwrireUa^ 
EM.  pL  89.  3.  f.  54  Frustules  largow 
broadly  linear,  with  rounded  ends  ana 
marginal  costaa. 

D.  BaldJuM  (Brightwell).  —  Valve 
ovatel}r  rhomboidal ;  costSB  aoout  20  on 
each  side,  distinct,  reaching  neariy  to 
the  ends,  but  leaving  a  linear  open  space 
down  the  centre.  In  a  clay  or  earthy 
deposit  from  Baldjick,  Mr.  Norman.  =3 
Oaontidium  BcddjickUj  BrightwelL  I,  c. 
p.  180,  pL  9.  f.  10. 


Geniw  STAUROSIRA  (Eh.).—"  The  form  of  this  genus  is  that  of  qua- 
drangular Fragilanse ;  it  is  distinguished  from  the  much  larger  forms  of  the 
allied  genus  Amphitetras  by  the  absence  of  (pseudo-)  openings  at  the  four 
angles." — ^ERBA.  1843,  p.  45.  The  above  is  tie  only  notice  of  this  genus  we 
have  met  with,  the  resemblance  to  Amphitetras  is  evidently  very  slight. 
From  Ehrenberg's  figures,  Staurosira  seems  to  contain  forms  sJlied  to  Odon- 
tidium  and  Fragilaria,  which  have  the  valve  so  inflated  at  the  centre  as  to 
appear  4-lobed.  This  character,  however,  is  uncertain,  since  Professor  Smith 
shows  that  the  same  species  has  the  valve  sometimes  inflated,  and  sometimes 
constricted  at  the  middle. 


Staubosira  coHstruenB  ^X  —  Verv 
small,  smooth;  valves  spindle-shaped, 
with  the  produced  angles  somewhat  un- 
oouaL  £)M,  sever^  figures.  Asia, 
.^ica,  and  America,  (xv.  5.)  1-600". 
Compare  with  Dimeregranima  Tabel- 
laritu 


S.  amphUepta  (£.).^Minute,  smooth, 
two  of  the  produced  angles  larger  and 
more  slender  than  the  others. 

8»  trigongyla,  Asia ;  S,  Epidendriumy 
Cluli ;  S,  Mexicana,  Mexico ;  S,  tricct' 
rtnata,  Mexico. — ^These  species  (Ehren- 
berg^s)  are  known  to  us  only  by  name. 


Genus  BHAPHONEIS  (E.).— Frustules  simple,  free  or  shortly  stipitate : 
front  view  narrow  Knear ;  valves  much  broader,  with  transverse  dotted  striae 
and  a  median  longitudinal  line.  Marine.  Bhaphoneis  differs  frrom  Cocooneis 
and  Kavicula  by  the  absence  of  a  central  nodule.  The  frnstule  has  no  alae ; 
its  strise  are  usually  distinctly  moniliform  and  divergent,  and  its  median  line 
more  conspicuous  than  in  Tryblionella.  We  have  not  thought  it  desirable  to 
separate  Dorjrphora ;  for  it  is  doubtful  whether  Kiitzing's  only  species  is  even 
specifically  distinct  frrom  some  forms  still  rettdned  by  him  in  this  genus. 


Khafhonris  Amphieeros  (Ehr.). 
Valves  lanceolate,  about  three  times 
as  long  as  broad,  with  produced,  styli- 
form  apices,  and  fine,  dotted  transverse 
gtri».  EBBA.  1844,  p.  87 ;  M.  t  18.  f. 
^.  s  Coccaneis  Amphieeros,  R  1840 ; 
I)<nypharaAmphkero8,KB.^74',  SBD. 
L  pi.  24.  t  224  Manne.  Europe  and 
America,  (xiv.  2L)  1-576".  Stri»  18 
to  20  in  1-1200".  Ends  suddenly  con- 
tracted and  prolonged  into  a  beak. 

R.  lUwa  (E.).— Valves  slender,  linear- 
lanceolat^  usuallv  four  times  as  long  as 
l»oad,  wilJi  styluorm  apices,  and  1/  or 
18  fine,  transverse,  granulated  stri®  in 
1-1200".  ERBA.  1844,  p.  87.  Fossil. 
Vimnia  1-720".  Strongly  akin  in  habit 
to  Fraqilaria  An^fhiceros,  out  differs  by 
its  median  suture. 


B.  Leptoceros  (E.).  —  Valves  long 
lanceolate,  quadrangular,  rhomboid,  three 
times  as  long  as  broad,  with  long  styli- 
form  apices  and  fine,  granulatea  trans- 
verse striflB.  EBBA.  1844,  p.  87.=-R. 
Oregomca,  EM.  pL  18.  f.  83.  FossiL 
America.  1-720".  Stri»  generally  18 
in  1-1200".  Has  the  habit  of  12.  An^M^ 
ceros,  but  with  much  longer  beaks. 

B.  gemmifera  (E.).  —  Large;  valves 
elongated  lanceolate,  with  long  gradually 
attenuated  apices,  usually  l£ree  times 
as  long  as  broad ;  stride  strongly  granu- 
latedVlO in  1-1200".  EBBAT844,p.87. 
FossiL    Maiyhmd.    1-300". 

B.  pretiosa  (E.).  —  Laige  ;  valves 
broadly  lanceolate,  rhomboid,  generally 
twice  as  long  as  broad ;  apices  gradually 
attenuated  into  beaks;  stnsD  stout, gran u- 
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lar,  like  series  of  pearis.  ERBA.  1844^ 
p.  87.  FofisiL  MMTknd.  1-480".  Btnm 
11  in  1-1200". 

R.  ShonUmM  (R\— Snusll;  yalves 
broadly  lanceolate,  raomboid,  sometimes 
snborbicular,  scarcely  longer  than  broad, 
with  short  rostrate  apices  and  fine  gn^ 
nulated  striffi.    ERBA.  1844,  p.  87;  M. 

tSa  13.  f.  19.  Cuxhaven,  Virginia. 
1162"  to  1-864".  Strin  20  to  21  in 
1-1200". 

R.  sealaris  (E).  —  Valves  slender, 
acutely  lanceolate,  furnished  with  a 
double  series  of  striae  and  window-like 
crystalline  spaces.  ERBA.  1844,  p.  271. 
FossiL  Bermuda  deposit.  Diameter 
1-960".    Striae  9  in  1-1200". 

R.  angusta  (E.).  —  Valves  elongate 
lanceolate,  with  obtuse  apices,  24  striae 
in  1-1200",  and  no  median  smooth  space. 
ERBA.  1844,  p.  364.    India. 

R.  laneeolata  (R). — ^Valves  rhomboid- 
lanceolate  with  obtuse  apices,  21  striae 
in  1-200",  and  a  linear-lanceolate  median 
smooth  space.  ERBA.  1844,  p.  364: 
M.  pL  34  7.  fl  13.  India,  China,  and 
Japan. 

R.  Indica  (E.).  —  Valves  elliptic- 
lanceolate  with  obtuse  apices,  16  striae 
in  1-1200",  and  a  linear-lanceolate 
median  space.  ERBA.  1844,  p.  366. 
India  and  Japan. 


R  fa$eiokaa  (R).  —  Large ;  valves 
elliptic-lanceQlate,  twice  as  kmjr  as  Inoad, 
wiu  strong,  finely  granulated  striae  in 
transverse  Asciae.  ERBA.  1844,  p.  204; 
M.  pL  36  a.  22.  t  la  Antazctac  Sea. 
Ehienbeiig[*s  figure  represmts  the  valve  as 
elliptic,  with  transverse  band-like  series 
of  short  longitudinal  striae,  alternating 
with  smooth  spaces,  and  interrupted  by 
a  smooth  longitudinal  median  line. 
(P  Lower  valve  of  a  Cocconeia.) 

R.  SndeBum  (R>  — Valvee  elliptk, 
longer  than  broad,  with  12  <»  13  stout, 
crenukted  striae  in  1-1200".  ERBA. 
1844,p.204;  M.pL35A.L  £6.  Ant- 
arctic Sea.  1-864".  (?  Lower  valve  of 
a  Cocconeis.) 

R./aa«ato(R).— Micarog.  pL  86  a.  a 
f.  8.  India.  Valve  elliptic,  with  broadly 
rounded  ends,  a  median  line,  transverae 
fasciae  of  longitudinal  lines  alternating 
with  smooth  transverse  bands,  and  two 
series  of  marjfinal  striae.  (P  Lower  valve 
of  a  Cocconeis.) 

Sji>ecie8  (E^,))known  to  Mt  onfy  by 

R.  9daceaj  Sandwich  Islands; 
EtUomonj  Asia  Minor;  R. 
Ganges;  R.  Ganaetica^  Ganges;  R. 
lav%8,  India;  R.  Africanaj  South  Afiica; 
R.  Digitus,  Demerara. 


R 


Genus  TRYBUONELLA  (8.).  — "  Frustulee  simple,  free,  elliptical  or 
linear ;  valves  plain ;  alse  submarginal  or  obsolete,  canaliculi  inconspicaoas, 
parallel." — Smith.  Tryblionella  is  another  genus  separated  from  Surirdla 
by  Professor  Smith,  who  says  that  it  '^  differs  frx>m  Campylodiscos  in  the  more 
elongated  form  of  its  frustules  and  the  absence  of  the  bend  in  its  valves ;  the 
canaliculi  are  also  more  minute,  and  parallel  rather  than  radiating.  It  agrees 
with  SurireUa  in  the  presence  of  alsD ;  but  these  arise  from  the  disk."  Mr. 
Roper  considers  that  TryblioneUa  is  distinguished  from  Surirella  by  its  fine 
(often  obsolete),  parallel  transverse  strise ;  whereas  the  latter  is  furnished  with 
canaliculi  or  cost®,  which  are  more  or  less  divergent. 


Tbyblionflla  circunmtta  (B.).  — 
Lateral  view  elliptic-oblong,  with  a  fidnt, 
loDgitudinal  median  line  (indistinct  or 
obsolete),  parallel  transverse  striae,  and 
marginal  ^land-like  dots;  alee  verv 
short.  zsSunrella  circumsuta^  Bailey,  M(J. 
pi.  2.  f  36 ;  T.  Scutellum,  SBD.  i.  p.  36, 
pi.  10.  t  74.  Marine.  America,  Bntain. 
Professor  Bailey  describes  it  as  having 
a  minutely  granulate  surface,  and  a 
scarcely  perceptible  median  constriction. 

T.^rflcJlK»(S.). — Front  view  linear,  with 
attenuate  extremities  and  truncate  apices; 
lateral  view  linear-acuminate:  coetae 
parallel,  extending  to  median  Ime ;  alae 
distinct.  SBD.  i.  p.  36,  pL  10.  f.  76.  Fresh 
and  brackish  waters.    Lewes,    (rv.  36.) 


T.  navicttiaris  (Br^.).  —  Front  view 
oblong,  with  truncate,  slightiy  winged 
ends;  lateral  view  eUiptic-acuminate ; 
cost«e  distinct,  mai^nal  ;  alie  con- 
spicuous. ^SurireUa  navicuktris,  Br6b.  in 
KSA.  p.  36 ;  T,  marpinata,  SBD.  i 
p.  36,  pi.  10.  f.  76.  Fresh  and  brackish 
waters.    France;  England. 

T.  acuminata  (S.).  —  Lateral  view 
linear,  with  attenuated  ends  and  deUcate, 
interrupted  transverse  striae :  alae  obwH 
lete :  canaliculi  obscure.  SBD.  i  p.  3^ 
pL  10.  t  77.  Marine  and  brackish 
waters.  Britain.  -0012"  to  -0021". 
Striae  31  in  OOl".    (iv.  37.) 

T.  angtutata  (S.).— Resembles  7!  acumi- 
nata ;  but  its  striae  are  continuoua  SBD. 
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p.d6,nLaO.£9a3.Fre8h  water.  Enfl^and. 
•0021"  to -0040".    StriiB  86  in -001". 

T.  lecidenma  (S.). — Lateral  view  linear, 
with  subacute  extremities ;  costsB  yery 
distinct,  parallel,  extending  to  the  cen- 
tral line.  SBD.  ii.  n.  Sd,  Braddah 
water.    Cork  City  Park. 

T.  punctata  (S.). — ^Lateral  Tiew  ellip- 
ticy  with  acuminate  ends  and  paraUel, 
transyerae,  moniliform  8tri» ;  canaliculi 
obsolete.  SBD.  L  p.  d6>  pL  30.  £  261. 
Marine.     Sussex. 

T.  eonstricta  (Oreg.). — ^Lateral  view 


panduriibmL  with  apiculate  ends  and 
numerous,  delicate^  diagonal,  punctated 
strice;  costa  obsolete.  Greg,  in  MJ. 
iiL  pL  4.  £  13.  Marine.  Britain.  **  Its 
fonn  is  that  of  Cytnatopleura  Soiea,  but 
it  is  very  much  smaller.*'. — Oreg. 

T.  aptculata  (Gre^.). — ^Narrow,  linear, 
slightly  constricted  m  the  middle,  with 
apictdate  extremities  and  about  45  fine 
but  distinct,  transyerse,  dotted  strin  in 
OOl".  Greg,  in  MJ.  y.  p.  79,  pL  1.  f. 
43.  Scotland.  -0016"  to -0017".  Keel 
often  strongly  marked. 


Genus  CYMATOPLEURA.  (8.).— Fmstules  free,  in  front  view  linear,  with 
undulated  margins ;  laterally  broader,  and  marked  with  transverse  bars. 
Aquatic.  This  genus,  instituted  by  Smith,  is  very  distinct,  and  may  be 
recognized  by  the  lateral  surfaces  projecting  in  the  front  view  in  an  undu- 
lated manner,  the  central  portion  being  separated  from  the  undulations  by  a 
marginal  row  of  dots.  The  lateral  view  is  usually  very  much  broader  than 
the  front,  which  often  renders  it  difficult  to  obtain  a  satisfactory  sight  of  the 
latter.  The  lateral  surfaces,  however,  sufficiently  identify  the  genus,  as  the 
broad,  transverse,  shade-like  bands  or  bars  which  correspond  with  the  undu- 
lations are  characteristic.  The  striae  are  generally  obscure  or  obsolete,  and 
the  median  longitudinal  Une  is  less  evident  than  in  SurireUa ;  the  margin 
is  usually  fumidied  with  conspicuous  gland-like  dots.  '*  The  undulations  of 
the  valves  separate  Cymatopleura  from  Tryblionella  and  SurireUa ;  the  absence 
of  alae  and  canaliculi  are  further  characters  which  leave  no  room  for  hesita- 
tion as  to  its  distinctness."     (Smith.) 


Oyhatoplkuba  Solea  (Bt^b,,  S.). — 
Fmstule  elongate;  laterally  panduri- 
form,  with  more  or  less  attenuated  ends, 
sometimes  apiculated ;  striee  delicate,  8 
in  1-1200".  SBD.  i.  p.  86, 1 78.  =  SurtreUa 
Solea,  Br^b.  in  ESA.  p.  34;  &  LibrUe, 
£. ;  8phindocy9ti$  UbriUs,  Hass  BA. 
p.  102,  3.  Var.  /3,  ends  apiculated,  =  C 
amoilata,  S.  L  e.  p.  37,  f.  79.  Common, 
Asia,  Africa,  America,  Europe,  (rx.  156 ; 
XVL  0.)  Fmstules,  in  both  views,  many 
times  as  long  as  broad ;  undulations  six. 
The  ends,  in  the  lateral  view  are  always 
attenuated ;  but  their  apices  vary,  and  are 
sometimes  obtuse,  sometimes  apiculate ; 
and  tiierefore  we  concur  with  M.  de  Br^- 
Insson  in  unitrng  C.  aptculata,  Smith, 
with  this  species. 

C.  keterocvma  ^ageli).  —-  Lateral 
yiewpanduriiorm,  with  16  marginal  8tri» 
in  1-1200";  front  view  broadly  linear, 
twice  undulately  twisted,  with  six  mar- 
ginal folds. = Surirella  htierocyma,  ESA. 
p.  889.    Switzerland.     1-240". 

C.  eHipttca  (Br6b.,  S.).— Lateral  view 
elliptic^  with  tnree  to  five  transyerse  bars ; 
ends,  in  general,  slightly  attenuated. 
SBD.  p.  87,  pL  10.  fl  80,^Sunreaa  oo- 
pkaenoj  E.  (according  to  KUtzing) ;  8, 
imdulata,  EM. ;  S,  tmdata,  EM. ;  S.  pU- 


cata,  EM.  pi.  16  a.  £  60,  51?;  8, 
Kii^anj^  Perty,  Diat  p.  201,  t  17.  f.  2. 
Aquatic  Asia,  Africa,  America,  Europe, 
rrx.  149;  xvi.  7,  a)  Professor  KUtzmg 
aescribes  the  frustules  as  ovate ;  but  we 
have  always  found  them  elliptic  Un- 
dulations three  to  five;  lateral  surfaces 
obscurely  striated  and  furnished  with 
marginal  gland-like  dots.  We  have  re- 
ferr^  the  SurireUa  pUcata,  E.,  to  this 
species,  because  of  its  habitat,  although 
its  figure  in  the  *  Microgeolope*  agrees 
better  with  that  of  C,  Hwermca, 

C.  Htbermca  (S.).  —  Lateral  view 
broadly  elliptic,  with  produced  ends ; 
strias  obscure.  SBD.  i.  p.  37,  pL  10.  £ 
81.  Ireland,  France.  Undulations  about 
three;  length  1-370" to  1-220" ;  breadth 
two-thirds  the  length. 

C.  Regula  (E.). — ^Lateral  view  linear, 
with  cuneate  qhqa  and  six  transverse  bars. 
^SurireUa  Beaula,  KB.  t  28.  £  30. ;  C. 
varaUda,  Smith,  BD.  pL  30.  fl  263. 
Mexico,  France,  England.  Habit  and 
size  of  C.  Solea,  but  not  pandurifonn; 
pinnules  10  in  1-1200",  nearly  obsolete. 

C.  Ovum  (Napeli).  —  Lateral  view 
broadly  oval,  with  8  marginal  strise  in 
1-120(7';  front  view  broadly  linear, 
straight;    margin    with   five 
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folds,  s  SftnreUa  Otmm,  Nageli  in  ESA.  I  The  characters  given  are  insuflScient  to 
p.  889.    Switzerland.    1-360"  to  1-280".  |  distinguish  it  from  C.  el^Miea. 

Genus  STIRIRELLA  (Turp.,  E.,  8.).  —  Frustules  simple,  free;  margm 
striated ;  lateral  surfaces  broader  tlian  the  front  view,  with  a  smooth  median 
longitudinal  line ;  *'  margins  produced  into  alae,  canaliculi  distinct,  usually 
parallel"  (Smith).  Surirella  thus  limited  by  Professor  Smith  becomes  a  much 
more  natural  genus  than  it  was  constituted  by  preceding  authors :  he  says, 
"  It  is  well  distinguished  fix>m  Tryblionella  by  the  prominency  of  its  ale,  the 
distinctness  of  its  canaliculi,  and  the  usually  cuneate  form  of  its  frustules ; 
with  no  other  is  it  at  aU  likely  to  be  confounded." 

I  few,  reaching  the  median  line,  central 
onesdiveigent  SBD.  pL9.£67.  Aqualdc. 
Australia,  Ajsia,  Africa,  America,  Britaio. 
(xn.  19,  20.)  Co8t»  7  in  1-1300*. 
1-288".  The  central  costaa  are  usuallT 
more  distant,  leaving  a  transverse  smootn 
space  bisected  by  the  median  line. 
Smaller  than  &  biseriata  \  its  costie  fewer 
and  more  divergent 

S.  tnegaloptera,  EM.  pL  33.  L  £  17. 
Egypt.  The  figure  resembles  that  of 
iSl  VraiicHla ;  but  the  costsB  are  all  paral- 
lel; and  the  median  line,  as  well  as  costaa, 
are  interrupted  at  the  centre  by  a  broad, 
transverse  band. 

S.  biseriata  (Br^.). — Front  view  qua- 
drilateral, with  conspicuous  alas ;  lateral 
view  oblong-lanceolate,  with  broad  costs, 
which  usually  reach  the  median  line. 
SBD.  i.  p.  30,  pL  8.  f.  57. «&  hifrom,  E. 
Common,  (xvi.  20-26.^  Ditfera  from 
S.  ^lendida  oy  its  parallel  sides  in  front 
view.  Its  angles  are  rounded,  and  the  al» 
enclose  an  oblong  space;  its  costs  are 
conspicuous  in  both  views.  1-210"  to 
1-100".    Striae  3^  in  1-1200". 

S.  elecora  (E.). — Large,  linear-lanceo- 
late, with  equal,  attenuated  ends  and 
four  or  five  maiginal  costae  in  1-200". 
EM.  pi.  5.  3.  f.  2^  America,  Ireland. 
Ehrenberg^s  figures  are  oblong  lanceo- 
late, one  of  them  constricted. 

S.  r^kxa  (E.).  —  Lanceolate,  with 
nearly  e^ual,  slightly  reflezed,  subacute 
ends,  a  distinct  median  sutur^  and  stxtmg, 
short  striae,  in  the  middle  three  or  four 
in  1-1152".  EM  pL  33.  IL  L 13.  FoasiL 
Connecticut. 

S.  leptoptera  (E.). — Lanceolate,  widi 
nearly  equal,  acute  ends,  a  distinct,  di- 
lated median  suture^  and  dense  trans- 
verse striae,  which  m  the  middle  are 
6  in  1-1162".  KSA.  p.  36.  FoesiL 
Oregon.  A  specimen  1-466"  long  pre- 
sented 21  striad. 

S.  Oregomca  (E.).  —  Spathulate,  widi 
unequal,  subacute  ends,  a  distinct^  di- 
lated median  suture,  and  strong  striasy 
which  in  the  middle  are  four  or  five  in 


♦  Frustules  panduriform. 

SvnntBLLA  constricta  (E.).  —  Laiigfe, 
oblong,  in  lateral  view  panduriform,  with 
a  median  line  and  intramarginal  crena- 
tions.  EM.  pi.  14.  f.  37.  Denticula  cotv- 
stricta,  KB.  t  3.  f.  62  ?.  Aquatic.  Berlin, 
(xm.  3.)  Ehrenberg's  figure  in  the  *Mi- 
crogeologie'  seems  a  true  species  of  this 
genua;  and  difierent  as  is  that  of  Denticula 
constricta  in  KUtzing's  work,  yet,  as  it  was 
copied  from  a  figure  given  oy  Ehrenberg 
in  an  earlier  wonc,  the  difierences  are  pro- 
bably due  to  the  imperfect  representation. 

S.  Smitkii  (K.). — Front  view  broadly 
linear,  with  Cuneate  ends  and  rounded 
angles;  lateral  view  panduriform,  with 
attenuated  ends ;  coetae  delicate,  reach- 
ing the  median  line,  which  is  often  in- 
flated. =51  constricta,  SBD.  i.  p.  31,  pi.  8. 
f.  69.  Brackish  water.  England.  Alae 
conspicuous,  enclosing  an  oblong  space. 
1-300".  The  shape,  in  front  view,  re- 
sembles that  of  S.  oiseriataf  but  the  costae 
are  much  finer. 

S.  Antarctica,  EM.  pi.  35  a.  2.  f.  20. 
Antarctic  Sea.  We  have  seen  no  de- 
scription of  this  species.  Ehrenberg*s 
figure  shows  the  lateral  view  panduri- 
form, with  rounded  ends  and  strongly 
marked  striae^  which  nearly  reach  the 
median  line. 

S.  diduma  (EJ), — Oblong,  with  trun- 
cate en(!s,  constricted  middle  and  punc- 
tated margins.  KR  p.  60,  t.  3.  f.  67. 
Submarine  waters.  Isle  of  Wangeroog. 
1-600".  This  appears  to  us  a  doubtful 
species  of  Surirella ;  for  KUtzing's  figure 
seems  to  represent  a  frustule  constricted 
in  the  front  view,  as  it  shows  a  linear 
median  portion  truncated  at  its  ends. 

S.  panduriformis  (Rab.).  —  Resembles 
S,  didyma,  but  is  stouter,  and  its  mar- 
ginal dots  appear  stalked.  Kab.  p.  29, 
t3.  f.9.    Italy. 

2*  Lateral  view  lanceolate  or  chhng,  with 
its  ends  usually  equally  attenuated. 

S.  Craticula  (E.). — Lanceolate;  costas 
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1-1152".  EM.  pi.  Sa  12.  £  27.  FoesiL 
Oregon.  A  specimen  1-336"  long  pre- 
sented 19  striae.  Ehrenbeig's  figure  is 
eUipdc-lfinceolate;  with  a  median  line 
dilated  at  the  centre  into  a  large  oval 
form ;  the  strisB  short  and  extemiuly  ter- 
minating in  gland-like  dots. 

S.  iurgida  (S.).  —  Elliptic-lanceolate, 
with  tapering,  sometimes  contracted 
ends  and  ohtuse  apices ;  costso  few  (4  in 
•OOl"),  conspicuous,  separated  by  a  me- 
dian lanceolate  space.  SBD.  i.  p.  31, 
EL  8.  £  60.=i8:  CaUdomca,  EM.  pi.  16  a. 
47  P  Aquatic.  Ireland.  Distinguished 
by  its  Tentricoee  centre. 

S.  dbUmga  (E.).  —  Oblong-lanceolate, 
with  obtuse  ends,  near  the  margin  si- 
DUOBo-dentate.  KSA.  p.  35.  Aquatic. 
A£rica;  America;  Moume  deposit,  Ire- 
land. Ehrenberg's  figures  in  the '  Micro- 
geologie'  differ  very  much  in  form,  but 
all  have  the  coet»  ccmfined  to  the 
margin. 

S.  BretdeHana  (Rab.). — Linear-elliptic, 
with  rounded  ends,  five  transyerse  costae 
on  each  side,  connected  at  inner  ends  by 
an  midulated  line,  and  leaving  a  longi- 
tudinal median  space  with  waved  mar- 
gins. Kab  D.  p.  29. 1 3.  £  13.  Aquatic 
St.  Eitts. 

S.  crenukUa  (E.). — Small,  elliptic-lan- 
ceolate, with  crentuate  marpns,  subacute, 
nearly  equal  ends,  and  a  distinct  median 
line ;  eleven  crenules  in  1-1162",  extend- 
ing into  striee,  which  do  not  reach  the 
centre.  EM.  pi.  33.  £  23.  Fossil,  United 
States.    D.1080". 

S.  mierocora  (E.). — Minute,  oblong- 
lanceolate,  with  somewhat  acute  apices, 
and  marked  near  the  mamn  with  ten 
delicate  dentations  in   1-1200".     EA. 

L13e,  t  2.  1.  £  34;  KB.  t  29.  £  16. 
ia,  Africa,  America. 

S.  kpida  (E.).  —  Slender,  linear-lan- 
ceolate, one  ena  obtuse,  the  other  a  little 
more  attenuated  and  subacute ;  striee  nine 
or  ten  in  1-1162";  the  median  line  di- 
stinctly flexuose.  ERBA.  1844,  p.  272 ; 
KSA.  p.  3a    Kurdistan.     1-768". 

S.  tenella  (K).  —  Oblong-lanceolate, 
with  rounded,  obtuse  apices,  and  five, 
rather  lax  transverse  stnee  in  1-1200"; 
front  view  oblong,  almost  rectangular, 
with  obtuse  angles.  KSA.  p.  37.  Aquatic. 
Prussia. 

S.  obtusangtda  (Kab.). — Small,  lan- 
ceolate, with  cuneate,  attenuated,  obtuse 
ends,  and  six  short  costee  in  1-1200"; 
front  view  oblong,  broadly  rounded.  Bab. 
p.  29,  pi.  3.  £  27.    Aquatic.    Germany. 

S.  Anmhioxys  (S.).  —  EUiptic-lanceo- 
late,  with  subacute  extremities,  and  nine 


coste  in  "OOl" ;  front  view  linear.  SBD. 
ii  n.  88.    Haverfordwest 

d.  cmgugta  (K.). — Minute,  linear,  with 
cimeate  ends,  rather  obtuse  apices,  and 
11  costte  in  1-1200^' ;  alas  obsolete ;  front 
view  linear,  truncate.  KB.  t  30.  £  62 ; 
SBD.  pi.  31.  £  260.  Aquatic  Europe; 
Lewes. 

S.  apictdata  (S.).— «  Elliptical,  ovate, 
smaller  extremity  produced  mto  a  linear, 
truncate  apiculum;  costee  16  in  OOl"." 
SBD.  iL  p.  88.  Aquatic.  England. 
Length  of  frustule -0008" to  O012".  "A 
close  ally,  if  not  a  variety,  of  8,  ang%uia,^^ 

S.  linearis  (S.^. — ^Minute,  linear,  with 
cuneate  ends,  distinct  transverse  cost», 
and  a  narrow  median  line.  SBD.  i.  pi.  8. 
£  68".  =  8.  acuminata  (iBr^b.  MS.). 
Aquatic.  England,  France.  Var.  /§, 
slightly  constricted  at  the  middle,  S. 
p.  8.  £  68»".  In  the  front  view  this 
secies  resembles  a  small  form  of  8, 
btseriata, 

3*  Lateral  view  with  one  end  broadly 
rounded,  the  other  smaller  {ovate  or 
ovate-oblong);  front  view  usuallt/  CU" 
neate, 
S.  robusta  (E.).  —  Large,  elongated; 

ovate-oblong,    with    two   stout   cost» 

i which  do  not  reach  the  centre)  in 
-1200".  EM.nl.  16  A.  £43.  8nobilis, 
SBD.  pL  8.  £  63.  Aquatic  Fossil.  Fin- 
knd;  Britain.  1-216"  to  1-120".  Di- 
stinguished by  its  large  size,  donated, 
slightly  tapenn^  form,  and  laige  mtra- 
marginal  crenations. 

S.  procera,  EM.  pL  14.  £  3a  Berlin. 
The  figure  represents  a  large  species, 
slightly  broader  at  one  end,  with  large 
intramarginal  crenations  as  in  &  robusta, 
but  the  strong  transverse  costae  are  sepa- 
rated only  by  a  narrow  median  band. 

S.  aplendida  (E.,  K.).  —  Front  view 
cuneate,  with  rounded  angles  and  pro- 
lon^d  costas ;  lateral  view  ovate-oblong 
wi^  conspicuous,  diverging  costss  which 
reach  the  median  line ;  al»  distinct. 
EM.  1 16  A.  £  44;  SBD.  i.  pL  8.  £  62. 
Aquatic.  Common,  both  living  and  fossiL 
(ix.  160-162.)  Var.  /3.  iinettris,  smaller, 
Lateral  view  narrow,  slightly  twering,3B 
&  linearis,  SBD.  i.  pL  8.  £  68  a.  1-210" 
to  1-100".  As  the  front  view  has  rounded 
angles,  it  is  not  unlike  the  lateral  one  in 
outline,  but  the  ends  are  broader.  Two 
or  three  times  as  long  as  broad. 

S.  tenera  (Greg.).  —  Narrow  linear- 
oblong,  with  one  end  more  tapering  than 
the  other;  costiB  distinct,  reaching  the 
median  line.  Greg  MJ.  iv.  p.  10,  pi.  1. 
£  38.     Scotland.     It  is  smaller  than  8. 
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^tlendida,  and  its  alio  are  less  conspi- 
cuous; but  it  resembles  tbat  species  in 
form;  and  we  doubt  whether  it  be 
distinct. 

S.  stnaUda  (Turp.V— Front  view  broad 
cuneate.  with  rounaed  angles  and  short 
co8t» ;  lateral  view  ovate,  with  distant, 
curved  costss,  which  reach  the  median 
line;  al»  smalL  SBD.  i.  pL  9.  t  64. 
Common.  Resembles  S,  tpumdida,  but 
is  shorter  in  proportion  to  its  breadth. 
In  the  front  view  Uie  central  portion  is 
broader,  the  ends  more  truncate^  the 
costes  shorter,  and  the  alie  less  conspi- 
cuous. Lateral  view  fsiintly  striated; 
stria  8  to  13  in  1-1200". 

S.  Umosa  fBai.  MS.  P).— Broadly  ovate 
acuminate,  mintlj  punctato-striate ;  ca- 
naliculi  short  and  mdistinct,  not  reach- 
ing more  than  1-6"  across  the  valve; 
length  <X)78",  breadth  -0035";  strife  in- 
distinct, 22  in  OOl.  New  Zealand,  Hud- 
son River,  New  York,  Thames  mud. 
Bri  JMS.  vii.  p.  179,  pL  9.  f.  5. 

S.  hrevis  (Ej. — Short ;  form  and  size 
of  8.  striatuia,  but  with  16  finer  striffi  in 
1-1200".  ERBA.  1844,  p.  272;  KSA. 
p.  39.    Kurdistan.     1-912^. 

S.  Testudo  (E.). — Lar^,  ovate,  obtuse, 
with  12  slender  striae  in  its  length,  which 
is  1-288".  E  ^c.  1840,  p.  24;  KSA. 
p.  39.    Marine. 

S.  Gemma  (K). — ^Front  view  narrow 
cuneate;  lateral  view  broader,  ovate- 
elliptic,  faintiy  striated  between  the  de- 
licate, unequally  distant  costae,  which 
reach  the  median  line;  alsB  inconspi- 
cuous. KB.  t.  7.  f.  9 ;  SBD.  i.  pi.  9.  f.  66. 
Common  in  marine  marshes,  (xn.  2-4.) 
Distinguished  firom  8,  striatula  by  its 
much  finer  costas  and  less  conspicuous 
alad,  which  in  the  lateral  view  generally 
coincide  with  the  margins.  Sometimes 
nearly  elliptic.  We  have  rarely  seen  it 
so  narrow  as  Professor  Smith  s  figure 
represents  it. 

8.  Usmgata  (E.). — Elongated,  smooth, 
with  subequal,  obtuse  ends,  a  distinct 
median  suture,  and  two  longitudinal 
lateral  lines.  KSA.  p.  36 ;  EM.  t.  33. 14. 
f.  24  FossU.  United  States.  1-168". 
Ehrenberg's  figure  in  the  'Microgeologie' 
is  ovate,  with  a  median  line,  Imc  intra- 
marginal  donations,  and  very  short 
costas. 

S.  OuaHmidefma,  EM.  pi.  33.  6.  I  7. 
America.  Figure  broadly  ovate,  with 
both  ends  much  roundeo,  and  minute 
intramarginal  crenations,  without  me- 
dian line  or  costae. 

S.  ichthyocephala  (Rab.).  —  Large, 
ovate-oblong,  with  roimded  ends,  three 


broad,  flexuoee  costas  in  1-1200^'  and  a 
broad  linear  median  band.  Rab  D.  p.  30, 
pL  10,  Supp.  1 6.  Italy.  The  figure 
shows  the  costao  curved,  except  the 
middle  one,  which  is  broader  and 
straight 

S.  cordata  (E.).  —  Ovate-eubcordate, 
with  four  lax  striae  in  1-1152",  conti- 
guous in  the  median  line.  ERBA.  1845, 
p.  272 ;  KSA.  p.  39.    FossiL     Georgia. 

S.  prittexta  (E.).  —  Long  ovate,  more 
than  twice  as  long  as  broiad,  with  five 
rather  lax  striae  in  1-1252",  towards  the 
middle  broadly  interrupted  and  not  con- 
tiguous in  the  median  line,  hence  form- 
ing four  series  with  a  broad  linear  me- 
dian space  and  two  smooth  lateral  ones. 
Maritime.  India.  ERBA.  1845,  p.  365; 
KSA.  p.  38. 

^.euglffpta(E„), — Small,  ovate-oblong, 
with  seven  striae  in  1-1200",  which  do 
not  reach  the  centre ;  front  view  cuneate, 
with  rounded  angles  at  larger  end.  EA. 
p.  136,  t  3.  5.  f.  2. 4;  KR  t.  28.  £  27. 
Asia,  Africa,  America. 

S.  uninervis  (E.).— Small,  ovate,  half 
as  long  again  as  broad;  costie  reticu- 
lated at  the  margin,  contiguous  at  the 
slender  median  line,  7  in  1-1152".  KSA. 
p.  38.     Maritime.    India,  Africa. 

S.  FoUum  (E.).  —  Ovate,  turgid  and 
obtuse,  slightiy  compressed,  with  24  fine 
striae  in  1-1150".  FossiL  Barbadocs. 
1-540^'. 

S.  Crumena  (Br^hX — Small,  orbicular 
ovate,  with  7  or  8  evident  marginal 
striae  in  1-1200".  KSA.p.8a  Aquatic 
France,  Britain.  Its  suborbicular  form 
in  lateral  view  distinguishes  it  from 
every  other  species  except  &  Brighi- 
toelhL 

S.  BrighUoem  (S.).  —  Small,  suborbi- 
cular,  with  one  end  subacute;  costae 
distinct,  marginal  10  in  <X)1" ;  fto  in- 
conspicuous. SBD.  L  p.  33,  pi.  9.  £  69. 
Britain.  According  to  Professor  Smith, 
this  species  is  distinguished  trom  S.  Cru- 
mena xxj  its  coarser  and  more  prominent 
costae  and  distinct  striae :  8,  Vntmena  is 
also  smaller  and  more  oroicular. 

S.  ovaUs  (Br^b.). — Small,  ovate-elliptic, 
with  8  marginal  costae  in  1-1200",  and 
one  end  more  attenuated  than  the  otiier; 
alae  inconspicuous.  KSA.  p.  33 ;  SBD. 
pd.  9.  f.  68.  Aquatic.  France,  Britain. 
Front  view  oblong-cuneate,  truncate. 
1-360"  to  1-280^'.  Maimn  with  veiy 
short,  teeth-like  costae.  The  larver  end 
in  lateral  view  is  less  rounded  Sum  in 
the  allied  species. 

S.  ovata  (K. ). — Minute  ovate,  or  ovate- 
elliptic,  with  7  to  9  delicate,  very  short, 
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Jial  cost»  in  1-1200" ;  alio  incon- 

3U8.    KB.  pL  7.  f.  1-4 ;  SBD.  pi.  9. 

Europe,  America.    Front  view 

ly  cuneate,  truncate.     1-1200^'  to 

ntinuta  (Br^b.).  —  Minute,  oyate- 
ic,  with  inconspicuous  alae  and  14 
inal  cost®  in  -OOl".  SBD.  i.  p.  34, 
t  7a  France,  England.  -OOOS"  to 
>".  Kiitsing  unites  this  form  with 
tUa'y  but  M.  de  Br^isson  informs 
at  he  is  able  to  distinguish  the  two 
B8  when  m  niu  at  the  first  glance ; 
the  stratum  of  this  species  is  black 
rery  mobile,  whilst  that  of  &  ovata 
own,  and  adheres  more  firmly  to 
oil. 
afiiina  (S.). — Minute,  ovate-oblong, 

numerous  minute  marginal  costsB 
obsolete  alffi.  SBD.  i.  p.  34,  pi.  9. 
Marine  or  brackish  waters.  £ng- 
Front  view  wed^-shaped. 
aubaaka  (S.).  —  Mmute,  ovate-Ian- 
,te,  with  8  distinct  costes  and  30 
t  in  1-1200" ;  alffi  conspicuous.  SBD. 
34,  pi.  31.  f.  269.  :=&  pygnuea,  £M. 
fi  A  a  £  4  P  Fresh  or  brackish 
IS.    Fngland. 

pmnata  (S.).  —  Minute,  narrow, 
3-oblon^  or  somewhat  clavate,  with 
),  Bubdistant  marginal  costs;  alee 
lete.  SBD.  i.  p.  34,  ]^L  9.  f.  72. 
fttic.  Lewes.  Front  view  narrow 
ate. 

Lateral  view  with  broadly  rounded, 
rarely  unequal,  ends, 

JLameOa  (E.).  —  Lar^,  narrow 
dc,  with  nearly  e<^ual,  broadly 
ded  ends;  intramarginal  strin  and 
uloee  median  area;  front  view  nar- 

linear,  truncated.  EM.  pL  16  a. 
.  Lough  Moume  deposit.  1-21(5" 
-180".  Ehrenberg's  figure  has  no 
ian  line. 

Lioaoma(E.\ — ^Narrow  elliptic,  with 
dly  roundea  ends,  a  narrow  margin 
ne  striffi^  and  a  smooth  median  area 
L  a  median  longitudinal  line.  EM. 
3. 14.  f.  26.  Maritime.  India.  Three 
«  as  long  as  broad. 

Patella  (K.).— EUiptic-oblong,  with 
d,  rounded  ends,  and  four  or  five  mar- 
1  stri»  in  1-1200".  KB.  1 7.  f.  6. 
lil  at  Franzensbad. 
,  Peruviana  (E.).  —  Larffe,  elliptic- 
ng,  with  equal,  roundea  ends,  and 
it  12  very  short,  obsolete,  marginal 
»  in  1-1200".  KB.  t.  29.  £  72.  Peru. 
amMamblya,  EM.  pi.  14  f.  34. 
in.  The  figure  shows  a  large  elliptic 
1  with  equal,  rounded  ends,  intra- 


marginal crenations,  and  strong,  parallel, 
transverse  costs,  which  do  not  quite 
reach  the  median  line. 

S.  Mi88i$8wica,  EM.  pL  36  a.  8.  f.  6. 
America.  Ehrenberg's  figuro  is  laive, 
eillptic-oblong,  with  equal,  rounded  ends, 
and  parallel  transverse  costsB,  separated 
by  a  narrow  linear,  longitudinal  median 
band. 

6*  Lateral  view  with  rounded  ends :  eost€8 

with  dilated  outer  portion,  and  median 

space  findy  striated, 

S.  fastuosa  (E.).  —  Elliptic,  with 
roimded  ends,  rather  distant  costee,  in- 
flated towards  the  margin,  and  a  trans- 
versely striated,  lanceolate  median  space. 
Greg  M J.  iii.  p.  30,  pi.  4.  f.  41.  Marine. 
Common.  Europe,  Asia,  Africiu  Ame- 
rica. Distinguished  from  all  the  pre- 
ceding species  bv  its  inflated  costes  re- 
sembling stalked  flowers,  and  by  the 
striated  median  space,  which  is  very 
variable  in  breadth.  Diflers  much  in 
size,  and  is  sometimes  nearly  orbicular : 
we  have  never  seen  it  ovate,  as  described 
by  Professor  Smith. 

S.  lata  (S.).  —  Large,  broadly  linear- 
elliptic  or  somewhat  panduriform,  with 
broadly  rounded  ends,  a  transversely 
striated  median  area,  and  distant  costa 
externally  dilated.  SBD.  i.  p.  31,  pL  9. 
f.  61.  ss  (jampylodiscus  producius,  John- 
ston. Marine.  Not  uncommon.  England. 
Diflers  from  S.  fastuosa  in  its  form,  and 
usually  in  its  liu^r  size ;  but  the  mark- 
ings aro  similar  m  both.  As  Professor 
Gregory  finds  intermediate  states,  they 
may  be,  as  he  supposes,  mere  varieties. 

S.  eximia  (Grev.).  —  Linear-oblong 
with  rounded  ends,  about  18  delicate 
cost®  on  each  side,  reaching  the  narrow 
linear-lanceolate,  transversely  striated 
median  s{mm».  Grev  MJ.  v.  p.  10,  pi.  3. 
f.  6.  Marine.  West  Indies.  This  ex- 
tremely delicate  and  hyaline  Diatom, 
Dr.  Greville  informs  us,  approaches  8, 
lata  in  form,  slight  constriction,  and  a 
striated  central  space,  but  diflers  in  every 
other  respect.  The  costce  equidistant^ 
and  as  fine  as  those  oi  8,  Oemma;  alffi 
narrow,  but  conspicuous. 

Ihubtful  or  undeseribed  JSfpecies, 
S.P  Cocconeis,  EM.  pi.  36  a.  8.  f.  3. 
Marine.  India,  Africa.  This  species, 
according  to  the  figure,  is  small,,  elliptic, 
with  obtuse  ends,  and  parallel  transverse 
cost®  separated  by  a  smooth,  nanrow- 
lanceolate  median  space. 

S.  Jenneri  (Hassall).  —  Front  view 
linear,  with  rounded  ends,  and  distant. 
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short,  teeth-like  marginal  cost».  IImb. 
Br.  Algasy  p.  439,  pL  102.  fl  15.  Aquatic 
Sussex.  Dr.  Hassall  describes  it  as  a 
Tery  distinct  species,  having  no  relation 
witn  S,hi$eriata, 

8.  anibigua  (K.).  —  Broadlj  oblong, 
with  tnmcated  ends,  and  4  stimight,  ob- 
solete, rather  broad  transverse  stri»  in 
l-120(y'.  KB.  1 6.  f.  17.  Stagnant  waters, 
Switzerland.  1-264".  Kiitzing's  figure 
apparently  represents  the  front  view,  and 
is  oroadlj  linear,  with  obscure  transverse 
cost®,  leaving  a  narrow  median  portion. 

S.  Uevia  (K.).  —  Cylindrical,  elliptic- 
lanceolate,  somewhat  obtuse,  very  smooth 
and  hyaline.  KSA.  p.  36.  Marine.  France. 
1-1080". 

S.  attenuata  (Nag.)* — Smooth,  linear- 
lanceolate,  with  gradually  attenuated 
apices.  ESA.  p.  889.  Switzerland. 
1-240".    Perhaps  a  Tryblionella  P 

S.?  omata  (fc.).  —  Elongate,  peetle- 
ahaped,  truncate  at  each  end,  with  obtuse 
angles,  longitudinally  dividuate,  and  or- 
namented with  minute  puncta  disposed 
in  decussating  lines.  KB.  t.  3.  f.  64. 
Marine.  Genoa.  Length  1-280";  breadth 
1-960".  Kiitzing's  figure  is  linear-oblong 
with  truncate  ends,  and  seems  to  repre- 
sent the  front  view,  in  which  the  striated 
lateral  portions  approach  so  closely  at 
the  centre  that  the  smooth  median  por- 
tion is  visible  only  near  the  ends.  Surely 
this  is  not  a  Surirella  P 

S.  P  Amphibola  (E.).  —  Broadly  linear, 
with  cuneate,  subacute  ends,  and  15  strin 
in  1-200" :  front  view  with  obtuse  ends. 
ERBA.1854,p.271.  Kurdistan.  1-324". 
Has  the  general  form  of  TrvhUonelia 
ReguUi,  Ehrenberg  remarks  that  he  is 
not  sure  to  what  genus  this  belongs ;  he 
has  sometimes  fancied  there  was  an  um- 
bilicus, as  in  Pinnularia,  but  its  equal 
transverse  strisB  on  each  side  render  its 
form  singular. 

S.  Sicula  (E.).  —  Smooth,  broadly  na- 
vicular, with  subacute  ends  and  longi- 
tudinal marginal  lines.  EM.  pL  22.  f.  58. 
Fossil    SicSly.     1-528". 


&  Uol^pta  (E.).— Strliform,  four  times 
as  long  as  broad,  with  obtuse  ends  and 
no  median  line ;  liie  narrow  margin  finely 
striated.  KSA.  p.  36.  Maritime.  India. 
1-360". 

S.P2tit0a  (E.).  — BaciUar,  stout^  one 
side  cuneate  at  each  end^  the  oth^ 
rounded,  finely  transversely  striated 
throughout  EIkBA.  1843,  p.  271.  Ne- 
therlands.    1-240". 

S.  StyJm  (E.).— Large,  stylifbrm  and 
narrow,  quadrangular;  one  end  more 
obtuse  thim  the  other,  but  neither  acute; 
costa  54  in  1-144".  ERBA.  1843,  p.  271. 
Near  Weimar.     1-144". 

S.rA<:9iaZa,EM.pl.33.L£19.  Eg:^ 
Ehrenberg's  figures  show  the  frtmt  view 
large,  lon^y  cuneate  with  rounded  ends, 
and  numerous  fine  tnmsverse  8tri»  at 
each  side,  separated  by  a  narrow  smooth 
median  portion  with  two  puncta  at  each 
end. 

S.  aq>era  (E.). — Large,  with  four  or 
five  loosely  disposed  costss  in  1-1152", 
with  rough  creets.  KSA.  p.  39.  Volcanic 
earth,  Hochsimmer  on  the  Rhine.  This 
species,  named  from  a  fragment,  Ehren- 
het^  states  is  perhaps  a  Campylodiscas. 

S.  AustraUi  (E.).  — A  fra^pnent  of  a 
linear  species  with  six,  straight  trans- 
verse striae  in  1-1200".  Africa.  AjM^ther 
species  constituted  by  Ehrenberg's  ob* 
jectionable  practice  of  naming  isolated 
fragments. 

S.  P  lan^ophyUa^),  &  UraimmCE.), 
Ural  Mountains;  &  l^inea  (R),  Sibe- 
ria; &  P  curvula  (E.),  India,  Mexico;  8. 
Stella  (E.),  Maritime:  India,  Africa;  & 
yicobw-iea  (E.),  Nicobar ;  &  c&nwia  (£.), 
Egypt ;  8,  Zambese  (E.),  Bxyet  Zambeze ; 
A  Jiatofoo(E.), Senegal;  &Cqm^qL), 
8,  Capenm  (E.),  /&  dkOhrata  (£.),  C^ 
of  Good  Hope ;  8,  Falklandica  (R),  ^ 
Mekdnensi8(E,),&Lim4l4arumCE:,),  Falk- 
land Islands ;  &  Araucama  (E-),  Arau- 
cania;  &  an^Mcentra  (R),  8,  MolotMia 
(EX  8.  inseda  HE.),  8,  lepMera  (R), 
iK  Polyodm  (R),  Mexica 


Genus  CAMPYLODISCUS  (E.,  Men.).— Valves  equidistant,  finstules  8oli- 
tary,  disciform;  disk  tortuous  or  saddle-shaped,  rotundato-cdliptic,  costate, 
costSB  mostly  radiate.  Campylodiscus  has  the  lateral  surfaces  still  more 
developed  than  they  are  in  tiie  Melosirese,  whilst  the  central  or  interstitial 
portion  is  reduced  to  a  narrow  ring, — a  circumstance  which  renders  it  very 
difficult  to  obtain  a  satisfactory  front  view.  In  these  respects  it  approaches 
the  CosdnodiscesB.  Kiitzing  referred  to  Surirella  several  species  now  placed 
in  this  genus.  Meneghini  suggested  their  removal  to  Campylodiscus,  in  these 
terms — **  One  really  is  at  a  loss  to  find  the  motive  that  could  induce  Kiitzing 
to  separate  this  generically  from  Campylodiscus ; "  and  Professor  Smith  has. 
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we  considor  jndidously,  adapted  that  saggeetion.  **  The  speciee  included 
under  this  genua  may  all  be  recognized  by  the  characteristic  bend  or  con- 
tortion of  their  surfaces." — 8m.  Cocconeis  differs  in  its  small  size  and  cen- 
tral nodule. 


*  Disc  dretiUtTf  or  nearly  90,  with  a  tingle 
series  of  marginal  cosite, 

t  Cost»  all  radiant,  forming  a  marginal 
circle. 

Camptlodiscus  JSbroioffium  (Wil- 
Uamson). — Disc  nearly  flat,  with  a  mar- 
ginal ciixde  of  numerous  (about  50)  eaual, 
radiating  coetse,  having  a  circle  of  dose, 
Tdfy  short  and  fine  striee  at  its  inner,  and 
another  at  its  outer  edge,  and  enclosing 
a  large,  central,  orbicular,  smooth  space. 
SBD.  pL  6.  I  51.  Marine.  Scotland. 
The  cost»  are  proportionally  shorter  in 
this  large  species  than  in  most  others, 
and  occupy  about  one-third  of  the  radius. 

C.  Umbatus  (Br^b.). — Disc  with  a  mar- 
ginal circle  of  short  cost®,  continued  by 
an  inner  &inter  circle  of  momliform  lines, 
gradually  lost  in  an  indefinite,  smooth 
central  space.  BD.  p.  12.  f  1 ;  GDC.  p.  82, 
pL  3.  f.  o5.  Marine.  France,  Scotland. 
^  Distinguished  fifom  (X  Horoloaium  by 
its  finer  costte  and  granulated  disc,^' 
Br^.  ''  Ck>6t8B  broad,  transversely  sul- 
cate,  so  as  to  appear  on  close  insj[>ection 
almost  momliform.  Within  this  mar- 
ginal band  is  another  fidnter  band,  which 
looks  almost  like  the  reflection  in  a  mir- 
ror of  the  first,  except  that  the  bars  are 
more  directly  monihform,''  Greg.  This 
species  might  be  placed  with  almost  equal 
propriety  in  the  section  with  double  series 

of  COStOB. 

C.  imperiaUs  (Grev.).  —  Costie  8  in 
*001";  forming  a  magnificent  band,  ac- 
companied at  base  by  short  bifid  seg- 
ments; central  area  broadly  elliptical, 
furnished  with  narrow,  transverse,  mo- 
niliform  stries,  interrupted  by  a  median 
blank  line.  Gr  TMS.  viii.  p.  80,  pL  1. 
f  8.  New  Providence.  In  general  an- 
pearance  resembles  C  Umoatus,  Br^b. 
out  differs  materially  firom  that  Diatom 
on  a  closer  examination.    Grev. 

C.  SSttonianus  (Gr.).  —  Costie  elon- 
gated^ transversely  striated  for  two-thirds 
of  their  length.  Gr  TMS.  viii.  p.  82, 
pi.  1.  f.  7.  West  Indies.  Central  space 
mmished  with  a  median  bar,  as  in  Ct  no- 
iatuSy  only  less  conspicuous,  Grev. 

C.  stellaius  (Gr.). — Valve  orbicular, 
with  a  narrow  marginal  band  of  close, 
short  costie,  an  inner  circle  of  dotted 
lines,  and  a  central  space  marked  with 
irregular  radiating  lines.     Gr  MJ.  vii. 


p.  157,  pL  7.  f.  8.  Califomian  guano. 
CostcB  10  in  -001". 

C.  radiosus  (E.).  —  Disc  subcircular, 
small,  with  smooth  or  obscurely  punctate 
centre,  and  border  of  about  seventy 
closely-set,  radiating  cost®.  KSA.  1 28. 
f.  12.  Fossil.  Vera  Cruz.  Upper  Pe- 
ruvian guano.  We  have  noticea  a  Cam- 
pylodiscus  in  Boli%ian  guano,  and  sup- 
posed ^it  to  be  this  species.  The  cost® 
are  numerous,  radiating,  and  unequal, 
enclosing  a  quadrilateral,  obsoletely 
punctate  central  space,  divided  by  a 
median  hyaline  line,  and  having  at  its 
angles  8-4  convemng  co8t«. 

C.  vuicanius  (K). — Disc  large,  sub- 
orbicular,  flexuose,  with  about  42  mar- 
ginal rays,  and  smooth  centre.  KSA. 
p.  33.    Peru. 

C.  bicruciatids  (Greg.). — Disc  circular, 
with  a  square  median  space  occupied  by 
crossed  strise,  and  prolonged  to  margin 
by  four  pairs  of  tapering,  transversely 
striate  processes  in  a  crucial  manner,  each 
interval  with  four  strong  radiant  costas. 
Greg  MT.  v.  p.  78,  pL  1.  f.  42.  Marine, 
Glenshira,  Scotland.  A  very  peculiar 
species,  but  difficult  to  describe.    The 

rre  centre  is  lattice-like,  and  itself 
urely  subdivided  into  smaller  qua- 
drate portions;  from  it  proceed  to  the 
margin,  in  a  crucial  manner,  four  pairs 
of  conical  prolongations;  the  intervals 
between  the  pairs  are  occimied  by  strong 
rays,  which,  together  with  the  striated 
prolongations,  are  connected  within  the 
margin  in  a  scolloped  manner. 

2 1  Disc  more  or  less  evidently  divided 
into  lateral  portions  bv  a  median  line 
or  band ;  costae  imperfectly  radiant 

C.  Hibemicus  (E.).  —  Disc  tortuous, 
with  numerous  (hO  to  40)  continuous, 
imperfectly-radiant  costie,  endosing  an 
irregularly  shape<L  minutely  punctated 
central  space.  EMI  pL  16  a.  £  9.  =  C.  co»- 
tatuSf  SBD.  i.  pi. 6.  f.62.  Aquatic  Britain. 
(iv,  38.)  The  costas  are  loosely  disposed 
(4  in  1-1152")9  slightly  rough  from  mi- 
nute granules,  and  extend  in  length  about 
half  the  radius.  Their  radiant  arrange- 
ment is  somewhat  imperfect,  from,  tne 
convergence  of  two  or  more  at  each  end. 
Mr.  Norman  has  gathered  this  species 
very  pure  near  HulL 

C.  liorieus  (E.).  —  Disc  suborbicular. 
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tortoouB,  grtdaall  J  smooth  in  the  cen- 
tre ;  C06t8B  nomerouBy  oontinaousy  their 
crest  acute.  KSA.  p.  83.  Aquatic. 
Asia;  Salxherg.  Fossil  at  San  Flore. 
Rays  7  in  1.1162".    D.  432". 

C.  Sutsm^(B,\ — Disc  saddle-shaped, 
broadly  margined,  marked  with  about 
50  transverse,  continuous,  cuired  sulci. 
B.  in  Proc  Acad.  PhiL  1853.  Philippine 

C.  Italfm  (S.).— Disc  small,  subcir- 
cular,  bent;  costie  transverse,  reaching 
the  median  line.  SBD.  I  P.  30,  pi.  30. 
f.  257.  Marine.  Britain.  The  coet»  of 
one  side  are  divided  from  those  of  the 
other  bv  a  lonjB;itudinal  median  lidb. 

C.  Normamctts  (Gr.^. — Costie  3  to  4  in 
OOl",  imperfectly  radiant,  passing  across 
a  linear-oblong  central  depression  to  the 
narrow  median  blank  line.  GrTMS. 
viii.  p.  29,  pL  1.  f.  1.    West  Indies. 

C.  notatm  (Or.). — Costae  numerous, 
about  12  in  -001",  in  length  more  than 
half  the  radius ;  central  space  oval,  with 
a  median  thick  bar  dilated  at  each  end. 
Gr  TMS.  viii.  p.  81,  pi.  1.  f.  4.  Shell- 
cleanings.  Distinguished  by  the  mark- 
ings of  the  centre,  which  Mr.  Norman 
aptly  compares  to  tiie  figure  of  a  dumb- 
b^lC  Gr.   *^ 

•  C.€fccorM«(Br^.). — Disc  circular,  bent, 
with  a  simple  series  of  long,  arcuate  costae, 
and  a  smooth,  narrow-lanceolate  median 

3 face.  BDC.  p.  13.  £  2.  =  C.  Balfsii? 
DC.  p.  30,  pi.  3.  f.  62.  Marine.  France, 
Britain.  ^*  This  species  is  very  elegant 
Its  costffi  are,  with  the  exception  of 
one  or  two  central,  all  curved  towards 
the  ends,"  Br^b.  The  following  re- 
marks are  from  Dr.  Gregory's  j^per : — 
"  I  have  referred  it  to  (X  Malfmj  S.,  al- 
though it  is  much  larger  than  the  form 
figured  by  him,  and  mhough  there  are 
oUier  difierences.  Thus  in  U,  Ralfsii  the 
canalicidi  reach  the  median  line,  and  the 
row  of  heads  or  expansions  lie  some  di- 
stance frt>m  the  margin.  But  these  dif- 
ferences cannot  be  regarded  as  specific.'' 
C.  angularis  (Greg.). — Disc  suDorbicu- 
lar ;  cost89  ver^  numerous  (160  or  more) 
and  unequal,  imperfectly  radiant,  form- 
ing a  simple  marginal  band,  and  divided 
into  two  sets  by  prolongations  of  the 
large,  oval  central  smooth  space.  GDC. 
p.  30,  t  3.  f.  53.  Loch  Fine,  ScotUnd. 
Named  from  the  angular  bending  back 
of  the  valves.  The  cost®  are  longest  at 
the  middle  of  each  side ;  and,  as  in  C 
decaruSf  all  except  the  central  ones  are 
curved,  with  the  concavity  towards  the 
ends,  and  become  also  gradually  smaller 
on  approaching  them.    *'  A  true  median 


line  is  visible,  but  is  veiT  deljcato. .... 
The  surfftoe  d  the  valve,  ooth  above  and 
below — that  is,  near  both  ends  of  the 
median  line — is  suddenly  bent  back,  so 
as  to  form  an  angle  with  the  rest  of  the 
valve.  On  the  surfiiuse  thus  bent^  short 
lines  appear  between  the  costss,"  Greg. 
Distinguished  from  C.  dieconis  by  its  mors 
numerous  costas,  oval  central  space,  and 
extensions  of  the  latter  separating  the 
costs  into  two  sets. 

C.  HodgmmH  (S.). — ^Disc  subdicular, 
bent,  with  a  mai^inal  series  of  very  nu- 
merous (100  or  upwards)  imperfectly- 
radiating  coetas ;  the  central  space  with 
transverse  rows  of  dots  divided  bj  a 
narrow  median  smooth  line.  SBD.  lu. 
29,pL6.f.53.  Marine,  ^itain.  '<The 
smooth  median  line  is  formed  by  a  ridge 
and  two  continuous  furrows  passing 
across  the  valve,"  Smith.  The  costn 
near  the  ends  conver^  Mr.  Roper  finds 
the  dots  vary  greatly  m  number^  distinct- 
ness, and  arrangement,  especially  in  the 
larger  specimens,  and  on  this  "aoooont 
considers  C  eximius  not  distinct  from  it. 

C.  concimms  (Grev.).  —  Coetss  5  in 
-001",  radiant,  forming  a  narrow  mar- 
ginal band ;  central  area  oval,  furnished 
with  numerous  transverse  monilifoim 
strisB,  interrupted  by  a  median  blank  line. 
B  Cmargindm,  Jonnst.  inMJ.  viiL  p.ldy 
pi.  1.  f.  11 ;  GrTMS.  viiL  p.  8,  C  2.  SheU- 
scrapings.  New  Providence.  Califoniian 
guano. 

C.  exinrnu  (Greg.). — ^Disc  subdrcular, 
bent ;  costs  strong,  very  numerous  (often 
150),  rather  shoi^  in  a  single  maisinal 
subradiating  cirde,  enclosing  a  large  hj^ 
line  space,  nimished  with  scattered  gm- 
nules  and  a  median  line.  GDC.  p.  31, 
pL  3.  f.  54.  Marine.  Loch  Fine,  Scot- 
land. The  costs  of  C,  eximmsy  like  those 
of  C  HodgsonUy  are  roidered  imperfiectly 
radiant  by  the  conveii^;ence  of  those  near 
the  end  of  the  median  line  or  raphe. 
C  eximim  di&rs  from  that  species  in  its 
less  conspicuous  and  scattered  granules, 
invisible  except  when  highly  magnified. 
Mr.  Roper,  however,  may  be  ri^t  in  re- 
garding it  as  a  variety  of  C  Mod^mmii, 
since  Professor  Gregory  himself  states 
that  the  granules  *^  in  some  instances 
show  fiunt  traces  of  a  linear  arrangement 
dose  to  the  marginal  band." 

2*  Disc  circular  or  gUbdrctdar,  with  a 
double  concentric  series  of  costte. 

C.  centralis  (Gre^.). — ^Disc  with  about 
forty,  equal  radiating  costss,  leaving  a 
small  umbilical  space  \  the  costaa  conti- 
nuous, but  divided  into  two  series  by  a 
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shade-like  band,  the  timer  seriee  fiunter. 
GDC.  p.  30,  pL  a  f.  51.  Marine.  Loch 
Fine,  Scotland.  Profeeaor  Qxe^ry  sup- 
poses that  the  appearance  of  a  Ime  which 
divides  the  costa  is  caused  by  a  ridge. 

C.  fenestrtdua  (Grev.). — Disc  circular, 
with  maijBfinal  radiating  cost»  dividea 
b^  a  line  into  two  series^  the  inner  one 
fainter  and  enclosing  a  central  space 
occupied  hy  four  lattice-like  sculptures 
formed  by  three  or  four  bars  crossing 
each  other  at  ri^ht  anglea  Grey,  in  MJ. 
V.  p.  9,  pi.  3,  £  i.  Manne.  West  Indies. 
The  continuous  costee  are  diyided,  as  in 
C,  eentraUsy  by  a  line  into  two  concentric 
series.  A  species  distinguished  by  the 
"  four  remarkable  sculptiues,  exactly  re- 
sembling square  windows  in  miniature^ 
the  bars  sharp  and  slender,  and  the  jkanes 
actually  appearing  as  if  they  transmitted 
light,"'Gr. 

C.  EcdesUmm  (Grev.).  —  Disc  subcir- 
cular,  with  a  border  of  two  concentric 
series  of  very  short,  radiating  cost®,  or 
nazTOw-oblong  cellules;  central  space 
with  two  rows  of  transyerse  broad  bars, 
separated  by  a  median  line,  firom  each 
end  of  which  proceeds  a  semicircle  of  fine 
stride.  Ore.  I.  c,  p.  10,  pi.  3.  f.  6.  Marine. 
West  Indies.  ''SimOar  in  size  to  the 
last,  but  somewhat  more  contorted,  so 
that  when  one  portion  of  the  yalye  is  in 
focus,  the  details  of  the  remaining  por- 
tion are  less  yisible.  The  yalye  is  con- 
caTe ;  the  central  portion,  occupied  by  the 
two  rows  of  bars,  is  nearly  flat ;  but  on 
each  side  of  the  rows^  and  at  their  termi- 
nation, the  disc  is  mflated,  the  lateral 
inflations  being  imsculptured,  the  ter- 
minal ones  striated,''  Grey. 

C.  bicostatus  (QX — Disc  suborbicular, 
saddle-shaped,  witn  from  twenty  to  forty 
unequal  radiating  costfie,  interrupted  so 
as  to  form  two  concentric  series,  enclos- 
ing an  oblong,  smooth  central  space. 
Ro.  in  MT.  ii  pi.  a  f.  4;  SBD.  ii.  p.  8a 
Thames :  Norfolk.  Diam.  about  1-384". 
CostsQ  distinct,  their  length,  at  sides, 
about  half  the  radius,  at  the  ends  much 
shorter.    Inner  series  less  distinct 

C.  Cfypeu8  (E.), — Disc  suborbicular; 
rays  numerous  (40  to  100),  radiating, 
partially  interrupted^  and  forming  two 
incomplete  concentric  series;  the  large 
punctated  central  space  diyided  by  a 
median  smooth  line.  EM.  pi.  10. 1.  L  1 ; 
SBD.  ii.  p.  88.  In  fresh  and  btacldsh 
waters;  also  fossil.  Asia,  Africiu  Ame- 
rica, Europe,  England.  Original  draw- 
ings of  this  elegant  species  are  giyen  in 
xvn.  616, 5ia  Diam.  1-676"  to  1-216". 
Coetfe  punctated,  continuous  at  the  ends, 


but  interrupted  at  the  sides,  where  they 
form  two  series.  In  the  central  space 
are  two  oblong  sculptured  portions,  sepa- 
rated by  the  smooth  median  line. 

C.  Memora  (R).  —  Dibc  suborbicular, 
tortuous,  with  interrupted  rays  and  a 
smooth  centre.  ESA.  p.  33.  Marine. 
Baltic    D.480". 

C.  marainatMs  (E.). — Disc  small,  in 
the  middle  smooth,  subscabrous,  fur- 
nished in  the  margin  with  a  double 
series  of  ceUules,  the  external  fine,  tiie 
inner  larger,  eyident,  closed  at  the  oppo- 
site ends,  open  and  radiated  in  the  mid- 
dle. KSA.  p.  83.  Maritime.  King's 
IslancL  Ibdia,  Ceylon. 

C.fastuosa  (E.). — Disc  suborbicular, 
curyed ;  costee  subdistantj  continuous, 
divided  into  two  concentric  series,  the 
outer  inflate^  inner  shorter,  sta^-like, 
enclosing  a  nnely  and  transversely  stri- 
ated central  space.  ESA.  p.  33.  =  C, 
IfuiretL  BDC.  nl.  1.  f.  41 ;  C.  aimulans, 
Grey  MJ.  y.  pi.  1,  £  41.  Marine.  Asia, 
France,  England.  C/o^^tiosa  is  easily  di- 
stinguished from  every  preceding  species, 
except  C.  marginatm,  by  its  finely  striate 
central  space  and  the  peculiar  appearance 
of  its  costaB,  which  are  dividea  by  a  line 
into  two  parts,  compared  by  Professor 
Gregoryto  a  lotus-flower  on  a  stalk.  Pro- 
fessors Kiitzing  and  Gregory  note  its  re- 
semblance to  SurvreUa  fasktosa ;  we  be- 
lieve it,  however,  quite  distinct,  as,  in 
addition  to  its  circular  and  bent  form,  the 
central  strias  are  finer  and  more  numerous. 
C.  fastuosa  varies  considerably  in  size, 
ana  in  the  comparative  breadth  of  the 
central  portion,  which  is  sometimes  a 
mere  line,  at  others  lanceolate,  or  ey^i 
ovaL  The  costsB  are  either  interrupted 
by  the  prolongation  of  the  central  por- 
tion to  the  margin,  or  continued  all 
round. 

C.  ambipuua  (Ghr.). — ^Disc  suborbicu- 
lar ;  cost»  diBtant,  reaching  nearly  to  the 
centre,  partially  inte^^pt^  at  the  mid- 
dle :  in  the  centre  an  oblong  depression, 
witnin  which  is  a  short,  linear-elliptical 
blank  line.  Jamaica,  Port  Natal.  Gr 
MT.  viiL  p.  81,  pi.  1.  f.  5.=  C  UOua,  Sh 
MT.  ii  pL  1.  £  13. 

0.  parvuluB  (S.).  —  Disc  subcircular, 
minute;  costes  few  (about  twelve),  in 
length  about  two-thirds  of  radius;  central 

E  obscurely  striated.  SBD.  i.  p.  30, 
f.66.  Bnjgland.  (xy.22,23.)  We 
found  this  form  generally  accom- 
panying C,  fagtuosa,  fike  that  species, 
it  is  sometimes  oblong,  and  probably  is 
only  a  small  variety.  It  is  usually  much 
bent,  and  is  the  smallest  species  Imown. 
3f 
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3  •  Disc  mbdrcHlar,  tcith  radiating  series 

of  granules  or  perforaUon^Uke   dots, 
Coronia  (£hr.). 

C.  JScheneis  O^X — ^Diflcbent,  with  nu- 
merous irregularly  radiating  series  of 
conspicuous  dots,  becoming  fewer  and 
more  scattered  near  the  centre.  KSA. 
p.  34  =  C.  Argus,  BMO.  pi.  2.  f.  24,  25; 
C  crihrosus,  SBD.  pi.  7.  t  55.  Marine. 
America,  Europe,  England.  Diam.  1-288". 
The  costse  are  nearly  obsolete,  and  con- 
fined to  the  margin.  We  refer  C  Argus 
to  this  species  upon  the  authority  of  our 
lamented  Mend  the  late  Professor  Bailey. 

C.  diplostictus  (TJ^orman). — Disc  with 
conspicuous  margmal,  moniliform,  radi- 
ating lines,  alternate  ones  shorter,  and  a 
large,  subeUiptic,  central  blank  space. 
GrevTMS.  viu. p.31,  pi.  1. f. 6.  Australia. 
The  cellules  of  the  striae  are  linear-ob- 
long, and,  being  marked  lonfi^itudinally 
by  a  faint  line,  appear  doubled. 

C.  heUophilus  (E.). — ^Disc  small^  sub- 
orbicular,  includmg  in  the  broad  and 
smooth  median  area  a  quadrate  series  of 
granules,  similar  series  of  granules  being 
radiately  disposed  in  the  broad  margin, 
and  in  a  double  concentric  order;  the 
external  rays  simple,  the  inner  ones 
binary.  KSA.  p.  83.  Maritime.  India, 
China.  The  proper  arrangement  of  this 
and  the  next  ^ecies  is  doubtfuL 

C.  Indicus  (E.). — Disc  large,  with  a 
subquadrate,  smooth,  median  area,  and  a 
very  broad  margin  formed  of  fine  and 
dense  radiating  series  of  granules  in  a 
double  concentric  order.  EISA.  p.  33. 
Maritime.     King^s  Island,  India. 

Var.  /3.  Concentric  rays  continuous. 
Var.  y.  Concentric  rays  interrupted. 

4  *  Disc  subcirctdar,  with  a  narrow,  me- 
dian,  pervious,  smooth  band,  and  trans- 
verse lateral  stria, 

C.  P  striatus  (E.). — Disc  with  two  series 
of  about  13  transyerse  strise  on  each  side 
of  the  median  line.  EA.  iii.  pi.  7.  f.  13 ; 
KB.  pi.  28.  f.  11 :  Bri  MJ.  vii.  p.  79,  pi.  9. 
f.  4.     Fossil.    Vera  Crua. 


5>  FhuiiulesinhaeralviemwAeiredm 

C.  SurireOa  (E.).— Disc  large,  fkncee. 
oblong;  the  middle  broad  saA  s^mA, 
the  mamn  narrower,  with  ii£itb| 
striae.    KSA.  p.  33.    Aquatic.    Sptk 

C.  ovtftus, — Disc  carved,  large,  on^. 
obtuse,  with  nine  yery  brad  pimia  h 
l'^Q'\^8urir€Ha  Chffteus,  E.  Maiiae 
Baltic    1-276". 

C.  ShrenbergO.—Viac  fleznose,  n4 
OTato  -  elliptic ;  ends  equally  visM] 
margin  stnated,  with  from  10  to  12  cati 
in  1-1200".  ^/SbrRrrOi  OinmMum.L 
Aquatic.  Italy,  Mexico,  (xr.&lll^ 
22  &  23.) 

C.  spiralis  (K.,  S.).— S^pinllT  twW 
with  a  dotted  mamn ;  laten^  cififtici 
with  about  00  neany  paralld  eoite :  ea- 
tre  of  disc  minutely  punctata  SBD.  I 
p.  29,  pi.  7,  t  54.  Aquatic  Ebk^, 
tenriand-  (iv.39.)  asmraHsdafkotcm 
C,  Hibemieus  in  its  elliptic  ind  twiHii 
not  saddle-shaped  frnstule.  We  doek 
if  it  be  distinct  from  CJUanuss, 

CJIexuosa  (R).— Disc  laige,  flexww; 
costae  4  or  5  in  1-1200".  sArWb/er- 
uosa,  E.  KB.  t  28.  £  25.  Aj^ 
Africa,  South  America,  Mexico^  roast. 
(XV.  t  11.) 

C.  eleoans  (E.). — ^Lwge,  tot  fcwi 
with  subacute  ends,  and  TCty  &«^- 
punctate  surfiice.=6kfrMi!f  i£f»»  ^ 
KB.  t  28.  £  2a  Aquatic  0«b»T» 
Mexico.  Coetae  4  in  l-lSOir.  Kw« 
only  by  fragments. 

G.Mgodon  (E.).— Smidl,»A«r«n5 
laterally  elongated,  narrow,  with  one  oj 
rounded  (the  other  unJmown),  ™ 
small,  closely-set  coetae,  giring ^^ 

S'n  a  toothed  appearance.  =  Abv* 
'godan,E.  KB:t2a£2iM«^ 
Japan,  Africa,  Cost«6or7inM»r. 
Known  only  from  framents. 

C.  ZonaUs  (Ph.).— iHsc  l«g«,g»^ 
deflected  ;  "  radii  symmetricil  to  ^ 
axes ;  concentric  stnation  iw  ^  ^\ 
tected,  and  some  appearance  «  p>*^ 
tion  on  the  outer  edge."  Foandincs*- 
taceous,  mariy  d^Msits.  Bn^Bm^\ 
Yorkshire.    iW  J.  Phillipi,  1M5. 


Genus  CALODISCUS  (Rab.).— Discoid ;  disc  subcircular,  with  nxmr^ 
(often  64)  ray-like  bands,  each  connected  at  the  broad,  striated  rim  witiij 
neighbours,  and  forming  tooth-like  straps ;  centre  not  striated,  dondtA  ^ 
a  lighter  transverse  one-branched  zone.  The  umbilical  zone  is  probtUj  »** 
essential,  and  we  doubt  whether  this  genus  be  distinct  from  Camp^o^i*^ 

CALODisctrs  superbus  (Rab.).— Disc  I  a  largish  clouded  umbilical  qJi»  ^. 
laige,  fiat,  with  a  cUstinct  closely  striated  D.  p.  12.  t.  3.  Aquatic  Italy.  ("^^  ^> 
rim,  and  equal  radiating  cost®  enclosing  | 
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filaments  oompressed ;  the  central  portion  of  the  frostnle  Punished  with 
incomplete  longitudinal  septa,  which  appear  like  strife  or  cost®.  The  Stria- 
telleae  form  a  very  distinct  group^  distinguished  from  everj  other  hy  haying 
parallel  longitudinal  strise  or  costsB  on  the  central  or  connecting  portion  of  the 
frustule.  "The  appearance  of  longitudinal  strice  is  in  fact  produced  by 
siliceous  plates  arising  internally  from  the  mai^gins  of  the  filament,  and  ex- 
tending towards  but  not  reaching  the  centre.  The  interior  is  thus  divided 
into  chambers,  opening  into  a  central  space.  When  viewed  laterally,  this 
central  space  resembles  a  canal,  especially  as  the  inner  edge  of  each  plate  has 
a  concave  outline  "  (Ralfs,  ANH.  xiii.).  The  strise  and  septa  are  fi^quently 
conterminal ;  in  some  genera  this  appearance  is  constant,  and  then  the  stri® 
are  said  to  be  interrupted.  We  believe,  however,  that  the  striae  are  really 
continuous,  although  sdways  more  strongly  marked  where  they  coincide  with 
the  septa,  and,  on  ^e  other  hand,  very  indistinct,  especially  in  a  young  state, 
when  they  are  merely  formed  by  an  internal  rib.  Prof.  Smith  adds  the 
following  explanation : — "  The  valves  (lateral  surfaces)  are  similar  in  character 
to  those  of  the  other  Diatomacese,  and  are  formed  during  self-division  in  the 
same  manner ;  but,  instead  of  the  usual  repetition  of  tiie  process  of  valve- 
formation,  we  are  here  presented  with  a  subsequent  intervalvular  development 
which,  not  confined  to  the  exterior  of  the  friistule,  projects  a  plate  of  silex 
into  its  interior,  forming  a  septum  or  partition  extending  towards,  but  not 
reaching,  the  centre  of  the  cell,  and  appearing  as  a  oompressed  rim  or  anntdus 
of  silex,  whose  outer  or  larger  circumference  follows  the  exterior  outline  of 
the  frustule,  and  whose  inner  edge  bounds  the  free  space  which  serves  as  a 
channd  of  communication  between  the  chambers  into  which  the  cell  is  thus 
divided.  This  process  is  either  simultaneous,  and  the  frustule  cUfinite,  or 
sucoeesive,  and  the  frustule  indefinite.  In  the  first  case  the  annuli  of  silex 
are  formed  during  the  production  of  the  valves  in  the  progress  of  self-division, 
and  on  every  repetition  of  such  production ;  while  in  the  second  case  the 
formation  of  the  annuli  is  continued  after  the  production  of  the  valves,  and 
is  repeated  an  uncertain  number  of  times  before  the  recurrence  of  a  new 
valve-production  "  (BD.  ii.  p.  32). 

Eiitzing  divides  this  group  into  Striatellese  and  TabeUariese,  but  we  agree 
with  Meneghini  in  thinking  this  division  unadvisable.  "Any  one,"  says  the 
latter, "  examining  these  bangs  with  diligence,  will  entirely  convince  Mmself 
that  the  distinction  of  the  two  orders  is  altogether  insufficient.  No  Tabellaria 
has  a  central  nodule  in  the  secondary  surfaces  at  all  to  be  compared  with 
that  of  the  Diatomese  constituting  his  order  Stomaticae  in  his  first  tribe.  I 
firmly  believe  that  TabellarieaB  and  StriatelleaB  ought  to  constitute  one  family, 
since  the  diaphragms,  which  are  considered  characteristic  of  the  second  ex- 
clusively, are  not  wanting  in  the  first "  (M.  Z,  c,  p.  475). 

Qenua  STMATELLA  (Ag.,  K.). — ^Filament  of  few  ftnstules ;  stipes  long ; 
froistnles  longitudinally  striated,  laterally  lanceolate,  with  a  median  line; 
septa  short,  inner  ones  longest.  Marine.  The  long  stipes  and  absence  of 
transverse  striae  on  the  central  portion  best  distinguish  this  genus. 


STBiATBLLAtinttitm<;to^(Lyngb.,    ^ 
—  Frustules  hyaune,  subquadrate,  wil 
mmierouB  fine,  parallel,  continuous  lines ; 
stipes  longer  toan  the  frustule.    SBD. 
"    ).  87,  pi.  80.  f.  307.    Not  uncommon 
be  autumn  on  Zostera  and  the  smaller 


ii.D. 

mthe 


Algae,  filaments  minute^  pale  yellowish- 
Inwn,  glass-like,  and  gbtterinsN  usually 
composed  of  few  frustules.  Tne  septa 
are  very  short  The  internal  colounng 
matter  is  generally  collected  into  a 
roimdish  centod  mass.  (rv.  40.) 
3p2 
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Ggoqb  TESBELLA  (Ehr.). — ^Frostnles  broadlj  tabulate,  not  eoneatenate^ 
densely  striated  longitudinally ;  stri®  alternate,  intermpted  in  the  middle ; 
stipes  none?  ^^  It  is  impossible  to  judge  of  the  value  of  the  diaracteFS  tliat 
diatjTigniftTi  it  from  Striatella  and  Hjalosira  whilst  we  do  not  know  the 
organic  importance  or  the  true  stmctore  of  the  stn»  "  (M.  h  «.  p.  466). 


Tbssklla 
in    front   view    sul 


.— Frustules  I  KB.  1. 18.  f.  4.    Mixed  with  SbriaUBa 
,te.      1-750".  I  umpunctata,  but  less  abundant,    (vm.  5.) 


QenxsB  HTALOSIRA  (K.). — ^Filaments  stipitate ;  frustules  quadrate,  septa 
alternate,  interrupted  in  the  middle,  and  united  by  very  fine  lines.  '^At 
first  I  was  afraid  that  I  was  led  by  want  of  skill  in  observing,  to  believe  that 
I  could  see  in  the  two  longer  species  of  this  genus  a  continuation  of  the  vitts 
from  one  margin  to  the  o&er,  instead  of  their  being  interrupted  and  alternat- 
ing as  they  are  figured  and  described  by  Kiitzing.  Continuing  my  observatiQns, 
I  succeeded  at  last  in  finding  one  in^vidual  exhibiting  to  my  sight  the  alter- 
nations described ;  hence  I  became  convinced  that  the  latter  condition  is  not 
merely  inconstant,  but  even  the  least  frequent.  The  secondary  sozfEU^es  are 
elliptico-acute  "  (M.  I  e.  466). 


Hyalobiba  minutianma  (K.).  — 
Shortly  stipitate,  concatenate ;  frustules 
very  minute,  partially  separating  in  a 
zigzag  manner.  1-5700".  KB.  t  18. 
f.  3.  a.    Meditenanean  Sea. 

H.  deUcaiula  (K.). — Shortly  stipitate, 
concatenate ;  frustules  minute,  quadrate, 
partially  separating  in  a  zigzag  manner. 
1-2640".  KB.  1 18.  f  IIL  1.  Prance; 
Adriatic  Sea.     (^.  42.) 

H.  rectangula  (K.).— Portly  stipitate, 
subconcatenate,  frustules  suoquadrate, 
rectan^ar.  1-1380".  KB.  1 18.  f.  3. 3. 
Adriatic  Sea  (xiv.  23).  Frustules  larger 
than  in  the  preceding  species. 

H.  obtuwn^ula  (K.). — Longly  stipi- 
tate, ribbon-like  or  subconcatenate;  frus- 
tules quadrate,  with  obtuse  angles. 
1-1440".  Adriatic  Sea.  (xiv.29.)  Pus- 


tules laiger  than  in  the  first  two  qiecies. 

H.  punctata  (Bailey). — ^Fntstoles  Ime^ 
united  in  long  chains,  rectangidar,  sob- 
quadrate,  transverBely  and  uninter- 
ruptedly vittate,  alternate  vitt»  gfaaa- 
late  in  the  middle  of  the  frustule,  die 
others  furnished  with  a  series  of  con- 
spicuous puncta.    1853.    Tahiti 

H.^««rtdfeit  (Norman,  MSS.).— Septa 
continued  across  the  filament  as  corred 
interrupted  cost»;  valves  oblong,  wi^i 
strongly  infiated  centre  and  roaoded 
ends;  striie  coarae,  30  in  "001".  New 
Zealand.  On  Algse  from  Jos^h  Bes- 
wick,  Esq.  Frustules  quadrate ;  valves 
sometimes  with  subcanitate  apicesi  [We 
are  indebted  to  Mr.  Norman  for  the  de- 
scription of  this  species.] 


Genus  BHABDONEMA  (K.).— Filaments  elongated,  shortly  stiptate; 
longitudinal  striae  uninterrupted,  connected  by  series  of  transverae  striss; 
lateral  surfieu^ee  having  transverse  striae  and  a  median  longitudinal  line.  Frcun 
the  comparatively  large  mie  of  the  frustules  in  Rhabdonema,  greater  facility 
is  afforded  for  examining  their  structure.  The  kmgitudinal  striae  or  ril» 
(annuli,  Sm.)  are  continuous,  parallel,  mostly  equidistant,  and  connected  by 
a  series  of  transverse  strise,  so  that,  in  fact,  ike  structure  has  a  latticed 
appearance. 


Bhabdonbma  mmutum  (K.). — Septa 
maiginal,  alternate;  lateral  valves  ob- 
long or  spindle-shaped,  inflated  at  the 
middle,  transversely  striated  throughout. 
SBD.  11.  p.  36,  pL  38.  f.  SOG.^Tegsella 
Catena,  ltal&,  /.  c.  xii.  (not  £.).  Furope. 
1-1200".  Smaller  than  i2.arct«a^tim.  from 
which  it  difiers  in  the  inflated  or  giobous 
centre  of  its  lateral  valves,    (iv.  41.) 


B.  arcuatmm  (Lyngb.,  K.).  —  Sqpta 
niar^final,  opposite ;  lateral  valves  oblong 
or  Imear-elliptic,  the  transverse  stzise 
absent  near  tneir  ends.  SBD.  ii  p.  S^ 
pi.  38.  t  306.  =B  StriateOa  arcuaia,  Aks^ 
k;  Teaadia  Catena^TL  Common.  (:l, 
203,  204.)  Difiers  from  R,  mcmcten 
in  the  form  of  its  lateral  valves,  and  by 
the  absence  of  striie  near  the  end? :  the 
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aeries  of  stritt  in  tke  front  view  are  also 
moTB  conspicuous.  Length  of  firustule 
l-67(r  to  1-200". 

R.  Adriatieum  (K).— Frnstules  with 
four  series  of  septa  (two  marginal  and 
two  mecUan,  the  latter  shortest  at  one 
lateral  margm,  and  gradually  longer  as 
they  spproack  the  other).  SBD.  iL  p.  85. 
^  38.  L  305.  Common,  especially  from 
deep  water.  On  Algae,  which  are  sold 
as  '^Corsican  moss."  (xm.  27.)  1-480" 
to  1-168".  Easily  distinguished  by  the 
irp^ifm  series  of  septa,  which«  more  con- 
spicuons  than  the  marginal  ones,  are 
usually  more  or  less  cunred  or  obHa  ue, 
and  do  not  coincide  with  the  ribs,  but 
cross  the  series  of  stri» ;  they  also  gra- 
duaUjT  inciease  in  length  from  one  lateral 
margin  to  the  other,  leaying  a  funnel- 


shaped  mediant 

K.  CrmBteri  (R).  —  Lateral  yalyea 
tuTffid;  apices  obtuse,  shortly  attenu- 
ated; the  perforated  dissepiments  (or 
spurious  jomts)  striated,  varying  in 
number.  »  StriaieUa  Oroisieri,  EKBA. 
1853,  p.  529.  Assistance  Bay.  Stria 
18  in  1-1152".  (IV.  4a) 

Sj9eeie$  known  to  us  only  by  name. 

B.  mirifkum  (S.). — '^A  magnificent 
species,  with  filaments  occasionally  reach- 
ing *0C^"  in  width,  and  with  alternate 
and  cribrose  septa.  Septa  with  seyeral 
(^3  to  12)  irregular  perforations."  SBD. 
ii.  p.  35.  Mauritius  and  Ceylon.  Amott, 
JMS.  yi.  p.  02 :  Brightw.  JMS.  yii  pi.  9. 
f.  n.    (vra.l2.) 


Genus  STYLOBIBLIUM  (E.).— Frostules  cylindrical,  multivalved,  not 
concatenated,  valves  in  a  simple  straight  series,  like  the  leaves  of  a  closed 
book,  with  a  large  median  canal,  entire  (not  perforated)  at  the  ends  ;  sculp- 
tnred ;  tube  smooth.  Fossil.  Stylobiblium  approaches  nearest  to  Biblarium 
and  Tetracydus ;  but  the  frrostoles  in  the  latc^  view  ore  orbicular — a  cha- 
racter not  met  with  in  the  other  genera  of  this  family.  The  species  are 
fossil,  and  occur  only  in  a  fragmentary  state. 


Stylobiblium  Clypeus  (E.). — ^Lateral 
view  with  frt>m  15  to  20  short,  radiant 
marginal  lines,  and  3  or  4i>ervious,  trans- 
verse median  ones,  frnstuies  in  the  front 
yiew  with  about  34  laminae  or  annuli. 
EM.  pL  83.  12.  f.  28,  29.=-BiWarMim 
Gypeusy  E.  Oregon  and  Siberia.  Dia- 
meter 1-792".    (IV.  45.) 

S.  diviawm  fE.). — ^Disc  large,  its  centre 
with  about  10  transverse  parallel  lines, 
not  reaching  the  mar^,  and  sejMiratea 
into  two  series  by  a  Imear  longitudinal 


blank  band.     EM.  pL  33.  12.  f.  30. 
Oregon.    Diameter  1-600". 

S.  eecentricum  (R). — ^Disc  with  5  to  7 
eccentric,  pervious,  curved  lines.  EM. 
nl.  33.  12.  f.  31.  Oregon.  Diameter 
1-760".  A  fra^ent  of  a  cylinder  con- 
tained 9  annulL  The  costae  in  Ehren- 
berfifs  figure  resemble  tiioee  of  Tetra- 
(Tclus,  the  median  one  straight,  and 
those  above  and  below  curved  towards 
the  margin  in  opposite  directions  to  each 
other. 


Genus  BIBLARIUM  (E.). — ^Frostules  compressed,  lamelliform,  with  in- 
ternal septa ;  lateral  view  with  transverse  uninterrupted  costae,  but  without 
median  inflation.  Fossil.  All  the  species  are  fossil,  and,  although  described 
by  Ehrenberg  as  simple,  were  probably  filamentous  in  a  recent  state.  The 
forms  with  inflated  centre  we  concur  with  Professor  Smith  in  removing  to 
Tetracydus,  and  indeed  only  retain  the  genus  because  we  are  unable  to 
ascertain  at  present  the  proper  situation  of  the  other  species  noticed  here. 


BiBLABiuic  compresmm  (E.). — ^Lateral 
view  elliptic-oblong,  with  obtuse  ends 
and  lax,  parallel  transverse  cost®.  EM. 
pL  83.  12.  t  1.  Oregon.  1-648". 
Co6t»  5  to  7  in  1-1152".  Septa  28  in 
each  frustule. 

R  eSwticum  (E.). — ^Lateral  view  ellip- 
dcy  with  broadly  rounded  ends,  and  5  to 
8  parallel  transverse  strise  in  1-1152". 
EM.  t.  33.  12.  fl  2.  Siberia  and  Oregon. 
1-1060^.      Differs  from  B.  compre&smn 


only  in  its  more  elliptic  lateral  valves. 

B.  Lamina  (E.).  —  Lateral  valves 
broadly  linear,  with  rounded  ends, 
slightly  constricted  middle,  and  7  to  8 
puallel  transverse  striso  in  1-1152". 
EM.  pL  33.  12.  £  4  Oregon.  Ehren- 
berg's  figure  shows  little  or  no  constric- 
tion. 

B.  Uneare  (E.). — Lateral  valves  nar- 
rowly linear,  with  rounded  or  subacute 
ends,  and  4  to  8  parallel  transverse  stride 
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in  1-1162".  EM.  pL  Sa  12.  £  6.  Siberia 
and  Oregon.  Ehrenben^s  figures  scarcely 
differ  m>m  those  of  S.  Lamma^  except 
in  being  narrower. 

B.  I^meea  (R). — ^Lateral  valves  lan- 
ceolate, with  subacute  apices,  and  3  to  8 
parallel  transverse  striffiin  1-1152".  EM. 
t  83.  12.  t  5.  OrcM^n.  Twenty-seven 
septa  in  each  firustule.     1-336". 

K  CoMteUum  (£.;).— Lateral  view  of 
central  portion  elliptic,  with  obtuse  ends, 
and  four  marginal  undulations.  EM. 
t3d.  2.f.L  Siberia.  1-900".  Lateral 
valves  unknown,    (iv.  44) 


B.  P  ffMum  rE.).— Fnistules  smootii, 
bacillar;  2  to  4  together,  wiUi  straight 
centre;  lateral  view  nbbous  at  the 
middle.  ESA.  p.  117.  Kmdistan. 
1-1152".  A  doubtful  member  of  this 
family. 

JSjteeiet  known  to  us  onfy  6y  name. 

B.  ChOense  (Eh.  Chili.).—"  Related  to 
B,  compremmij''  EM.  p.  30L 

B.  eondiietum  (R).— FoesiL  North 
Asia. 


Genus  GOMPHOGBAMMA  (Braon). — Filaments  compressed,  oontinnoiis, 
of  few  frostoles ;  septa  davate,  alternate,  nearly  equal ;  lateral  valvee  elliptie, 
furnished  with  straight  transverse  costse.  Aquatic.  €K)mphogramnia  agrees 
with  Tetracydus  in  its  freshwater  habitat  and  in  the  strong  transverse  costae 
of  its  lateral  valves,  but  differs  (as  we  believe,  essentially)  by  its  davate  septa, 
which  are  not  continued  as  costae  across  the  central  canal.  We  are  not  suf- 
ficiently acquainted  with  the  structure  of  Biblarium  to  dedde  what  may  be 
its  relation  to  that  genus ;  but  it  is  not  improbable  that  Airther  investigation 
may  require  their  union.  Professor  Smith  thus  contrasts  Gomphogramma 
with  Tetracydus : — "  In  Tetracydus  the  valve  is  cruciform,  and  the  costae 
arched ;  in  Gomphogramma  the  valve  is  elliptic,  and  the  costsB  direct ;  but 
these  seem  rather  to  belong  to  specific  than  generic  characters,  and  the  pro- 
priety of  uniting  these  genera  hc^y  admits  of  a  question  "  (AXE.  January 
1857). 


GoMPHOORAMMA  rupcstre  (Braun). — 
Frustules  subquadrate,  with  £om  one  to 
three  septa  on  each  side  and  gland-like 
dots  along  the  junction-mareins.  Braun 
in  Rab  D.  j[)L  33.  t.  9.  Freiburg ;  Pyre- 
nees. This  seems  to  be  a  mountainous 
spedes,  and  most  probably  its  detection 


would  reward  a  search  in  our  alpine 
districts.  In  its  clavate  septa  it  some- 
what resembles  Terpsinoe,  out  the  re- 
semblance is  merdy  superfidal ;  for  the 
septa  in  that  genus  are  transveiee,  and 
in  this  lon^tudinal ;  consequently  they 
bdong  to  different  groups. 


Genus  TETEACYCLUS  (Eal&).— Filaments  free,  dongated,  inflated  at 
the  centre,  striated ;  strise  continued  across  the  inflated  centre ;  septa  equal ; 
lateral  suifEU^es  costate.  Aquatic.  The  inflated  centre  and  strongly  costate 
lateral  surj&ices  suffidently  characterize  this  genus.  *^  The  genus  Bihlaiiom, 
oonstituted  by  Ehrenberg  in  1845,  appears  to  differ  from  the  present  merely 
in  the  solitary  character  of  its  frustules ;  and  this  character  aiisee  from  the 
fossil  nature  of  the  gatherings  from  which  Ehrenberg  derived  his  spedmens. 
I  fed  assured  that  fdl  the  spedes  are  filamentous  in  a  living  state,  and  that 
the  greater  number  of  them  are  casual  varieties  of  TetraeycUfS  laats^ris" 
(SBD.  ii.  p.  37). 


Tbteactcxus  lacustris  (Ralfs).— La- 
teral view  with  the  inflations  and  ends 
rounded.  SBD.  ii.  p.  38,  d.  30.  £  308. 
=  StriateOa  Thienemanni,  EA.  p.  136; 
Biblarium  SteUa:  B.  Qlam  and  B.me- 
ciamm,  EM.  pi.  33 ;  B,  gtrumosum,  KM.. 
nL  33.  2.  f.  13.  Recent,  Britain  and 
Iceland;  fossil,  Oregon  and  Siberia. 
(xi.24,26.).  The  meman  inflation  seems 
variable;  it  is  sometimes  so  much  de- 


vdoped  as  to  form  a  crudal  figoro  re- 
sembling the  quaterfoil  of  a  Gomic  win- 
dow, but  sometimes  merdy  a  slight 
swelling,  as  in  Biblarium  speciosum  (K). 

T.  emarginatus  (E.,  S.).  —  Infladfiiis 
deeply  notched,  otherwise  like  T.  loots' 
trisy  SBD.  ii.  p.  ^.^BMiHum  emarai- 
na^m,  EM.  pL  33. 2.  f.  6.  Becent^Britaoi; 
fossil,  Siberia  and  Mexico. 

T.  el^am  (E.). — Inflations  acute.  = 
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Bihlarwm  elyoiu,  £M.  t  33.  2.  f.  4. 
FoesiL  Siberia.  Ehrenberg's  figure  of 
this  species  differs  from  T,  Khombm 
merely  in  its  more  developed  inflatioii. 

T.  Bhomhu8  (E.). — Lateral  view  rhom- 
boid, with  subacute  angles. »  Biblarium 
Bkambus,  £M.  pi.  33.     Fossil    Siberia 


and  Or^n. 

T.  P  Cruar  (R).  —  I^ateral  view  crud- 
form,  with  transverse  parallel  stria  and 
a  median  suture.  s^tZi/^rfiMm  Cfrux,  £M. 
pL  33.  2.  £  3.  Siberia.  Stri»  18  in 
1-1162".  A  doubtful  member  of  this 
genus. 


Genus  TABELLAEIA  (E.). — ^Fmstules  quadrangular,  united  into  a  fila- 
ment, at  length  partially  separating  and  forming  a  zigzag  chain ;  septa  equal, 
straight ;  lateral  surfaces  inflated  at  ends  and  middle.  Aquatic.  Tabellaria 
difTers  from  the  other  genera  of  this  family  by  having  three  inflations  of  the 
lateral  surfaces. 


Tabbllabia  flocculo9a  (Roth,  K.). — 
Joints  subquadrate,  with  from  3  to  7 
attenuate  septa  from  each  margin;  la- 
teral view  with  three  nearly  eqiud  infla- 
tions; the  intermediate  portions  linear. 
SBD.  iL  p.  45,  pi.  43.  £  316.  =  BactUaria 
tabeOaris,  EI.  p.  l^.=Namcula  trinodk 
m-^sotijlL^iTaMlaria vulgaris,^.  Com- 
mon, (xm.  29.)  Best  distinguished 
from  T.fenetirata  by  its  less  elongated 
firustoles  and  more  numerous  septa, 
which  usiially  alternate  with  those  from 
the  other  margin.  We  believe,  however, 
that  each  complete  septum  has  an  oppo- 
site one  which  is  generally  rudimentary, 
though  sometimes  more  developed  ana 
conspicuous.     1.86(y'  to  l-48a'. 

T.  veniricoM  (K.).  —  Frustules  as  in 
T,JU>ccuUmay  but  the  central  inflation  of 
the  lateral  view  mudi  larger  than  the 
terminal  ones.  KB.  t.  30.  £  74.  =  ^.  W- 
eep9y  EM.  several  figures,  (xm.  26.^ 
Common.  1-960".  Professor  Smith 
unites  this  to  T^floeculosay  and,  as  we 
believe,  justly,  since  intermediate  forms 
are  not  uncommon. 

T.Of<w<rwm(E.\— Very  small  ^  lateral 
view  with  a  subglobose  median  mflation 
and  somewhat  narrower  capitate  apices. 
ESA.  p.  119.    FossiL    Labrador. 

T.  robugta  (E.). — Thick,  three  times 
as  long  as  broad,  with  broad  gibbous 
centre  and  large  subacute  terminal 
capitula.  EM.  pi.  33.  £  15.  FossiL 
America.  1-864".  Probably  another 
variety  of  T.flocctdosa, 


T.  ampkOepta,  EM.  pl.3. 4.  £32.  Fossil. 
Boston.  Ehrenberp*8  figure  shows  the 
lateral  view  with  mflated  centre,  as  in 
T,Jlocculo$a'y  but  the  extremities  are  not 
dilated. 

T.  nodosa  (E.). — Small,  slender,  no- 
dose ;  nodules  five,  the  median  one  rather 
largest,  those  adjoining  oblong.  EM. 
several  figures.  Iberia.  Lotuph  Moiume 
deposit,  &c.  Ehrenberg's  fig^ures  are 
elongated,  with  four  constrictions,  and 
consequentlv  five  inflations,  of  which  the 
median  ana  terminal  are  suborbicular 
and  the  intermediate  oblong.  *'  Akin  to 
Cframmatophora  undulata  "  (E^. 

T.  fenestrata  (Lyng..  K,). — Pront  view 
linea]^  with  two  op{>o6ite  septa  frx)m  each 
end ;  lateral  view  with  three  nearly  equal 
inflations  and  linear  connecting  portions. 
KB.  t  17.  £  22.  =  TabeOaria  trinodis, 
EM.  many  figures.  Common,  1-600" 
to  1-280". 

Sjteeies  doMfvXj  or  knoum  torn  only  by 
name, 

T.  amphicephakt  (E.).  — Very  small, 
with  strongly  inflated  centre  and  capi- 
tate apices.  K8A.  p.  119.  Fossil.  Han 
Fiore.  1-1728".  Scarcely  distinct  from 
T,  verttricosa, 

T.  pUdystoma  (E.),  Sandwich  Islands  j 
T.  rhabdiosoma  (E.),  Asia :  T.  pinrndaria 
(E.),  Asia;  T,  ctavata  (E.),  Northern 
Asia;  T,  undulata  (EX  Northern  Asia; 
r.  eurocephala  (E.),  Persia;  T.  Semen 
(E.),  India;  T.  BaetUum  (E.). 


GenoB  GBAMMATOPHOBA  (E.).— Frustules  forming  a  filament,  at  length 
partially  separating  and  becoming  a  zigzag  chain ;  septa  in  pairs,  opposite, 
generally  curved;  lateral  view  oblong-lanceolate,  not  inflated.  Gramma- 
tophora  is  easily  distinguished  fi-om  all  the  other  genera  by  its  striae  having 
commonly  a  curve  outwards  near  the  base ;  and  when  this  curve  is  wanting 
it  may  be  known  from  Tabellaria  by  the  absence  of  inflation.  Although 
Eiitzing  describes  several  species  of  this  genus  as  smooth,  yet  we  believe  that 
all  the  species  are  striated;  and  notwithstanding  we  have  admitted  this 

Digitized  by  VjOOQ IC 


808 


8TSTBKATIC  HIBTOBT  OF  THS  nTFUSOBIA. 


character  into  some  of  ihe  definitioiis,  we  use  it  merelj  to  indioate  tJiat  ^tab 
etnsd  are  more  distinct  and  more  easily  detected. 


*  Lateral  view  Mmg  cr  laneedUtUj 
eomeUmee  sUgkthf  eomtricted  beneath 
the  apieei, 

t  Septa  straight  or  fbimel-shaped. 

Gbammatophoba  etrieta  (K).  — 
Large,  with  straighty  parallel  septa ; 
latmlTie^lanceokte.  KR  t  29.  £  76. 
Asia,  Africa,  America. 

Q.paraUeia,  EM.  pL  21.  fl  26.  We 
know  not  how  this  form  differs  from 
O,  etrieta,  except  that  the  %uree  of  the 
lateral  Talves  exhibit  more  rounded 
apices. 

G.  TabeOana,  EM.  pL  la  I  89,  90. 
FossiL  Virginia.  In  Ehrenberg^s  figures 
the  front  view  has  the  septa  slightly 
cuired  and  dilated  inwaras  (funnel- 
shirked) ;  lateral  view  lanceolate^  with  a 
large  central  canaL 

2 1  Septa  with  a  semicircular  cunre  near 
the  marginal  ends ;  otherwise  straight. 

Q.  marina  (Lyng.,  K.).  —  Septa  with 
a  single  curvature ;  lateral  view  linear- 
oblong,  gradually  tapering  into  the  ob- 
tuse apices.  Efi.  1. 17.  f.24.ss Diaioma 
Uemtejorme,  D,  marinum  (Lyng.),  and 
D.  latrunculanum  (Ag.),  i).  hrachy- 
gomum  (Carm.),  Bacularia  Cleopatra 
(E,),f  B.  Adrimea  and  B,  Meneghma 
(Lobarzewsky),  Grrammatophora  oee- 
amca.  Everywhere.  Common,  often 
forming  long  chains,  (iv.  47 ;  xi.  62, 63.) 
The  synonvms  are  adopted  from  Kiitzing, 
and  probably  some  of  them  belong  to 
other  species.  The  frustules  are  of  very 
variable  length,  sometimes  nearly  square, 
sometimes  many  times  longer  than  broad. 
Connecting  hin^  slender. 

G.  tropica  (K.). — ^Lar^,  with  striated 
marg^ ;  septa  with  a  smgle  curvature ; 
lateral  view  linear,  with  rounded  apices. 
KR  t  30.  f  71.  Cape  of  Good  Hope. 
1-600"  to  1-166".  Connecting  hinge 
tumid. 

G.  gtbba  (E.). — ^Large,  striated ;  septa 
curved  at  outer  end,  otherwise  straight ; 
lateral  view  linear,  with  slightly  in- 
flated centre  and  rounded  ends.  KE 
t29.  £77.    Cuba.    (xi.  48,  49.) 

G.  Mexicofta  (E.). — Large ;  septa  with 
a  single  curvature;  lateral  view  con- 
stricted beneath  the  rounded  apices.  KB, 
t  18.  f.  1-6.  Europe,  Amenca.  Con- 
necting hinge  tumid. 

G.  ffibberula  (K.).  —  Margin  striated ; 
septa  once  curved ;  lateral  view  lanceo- 


late, with  tumid  centre  and  obtoae  apieefl. 
KB.t30.f.8L  Naples.  1-450".  Con- 
necting hinge  slender.  DifiSars  from  O. 
Mexieana  in  its  distinctly  stziated  mar- 
gin and  more  lanceolate  lateral  view. 

G.  madlenta  (S.).  —  Frustules  otbesn 
curved;  septa  as  in  O.  marina'y  lateni 
valve  linear,  slightly  inflated  at  centre 
snd  extremities ;  stnas  60  in  -001".  SBD. 
ii.p.43,  pL6L£d82.  Britain;  Levant 
''  The  front  view  in  this  qtedea  is  always 
narrower  in  proportion  to  its  length  than 
in  O,  marina.  The  striss  are  also  ftr 
more  numerous ;  and  the  frustule,  espe- 
cially in  the  larger  speeinkens,  shows  a 
decided  tendency  to  assume  a  carved 
form." 

3 1  Septa  Innately  curved,  both  endi 
hooked  inwards. 

G.  hamuUfera  (K.J.  —  Small,  subqua- 
drate;  septa  curvea  throughout,  with 
their  concavities  towards  each  other. 
ER  t.  17.  £  23.  Common,  especially 
from  deep  water,  (xm.  22.)  l-340(r 
to  1-960".  Distinguished  by  its  small 
quadrate  frustules  and  uniformly  currel 
septa.  It  is  possible,  however,  that  it 
may  be  the  inunature  state  of  one  of  the 
following  species. 

4t  Septa  undulate,  inner  ends  incurved. 

G.  anguloea  (E.).  —  Septa  hooked  in- 
wards, at  inner  end  and  near  the  maigin 
of  frustule  with  angular  curve  inwaras. 
EB.  t  30.  f  79.  Atlantic  and  Pacific 
Oceans.  Perhaps  a  variety  of  G,  Afrv- 
cana, 

G.  AJricana  (Rj.  —Septa  with  tliree 
undulations,  the  mner  ends  incurved; 
lateral  view  lanceolate,  obtuse.  EM. 
pi.  19.  £  34  Fossil,  Gran ;  recent,  not 
uncommon.    1-2300"  to  1-480". 

G.  Idandica  (E.).— Septa  with  three 
undulations,  curved  at  the  centre ;  lateral 
view  navicular,  striated.  KSA.  p.  12L 
Iceland. 

G.  serpentina  (E.). — ^Laige,  with  stri- 
ated margin;  septa  with  several  undu- 
lations and  incurved  inner  ends ;  lateral 
valves  linear,  with  attenuated  ends  and 
obtuse  apices;  connecting  hinge  thick. 
SBD.  ii.  p.  43,  pL  42.  £  816.  =  G.  Medk- 
^tfrranax  (EL),  according  to  Kiitzing.  Not 
uncommon  m  sheltered  bays.  Remark- 
able for  its  serpentine  septa,  the  number 
of  curves  seeming  to  vary  according  to 
the  leng^  of  the  frustule ;  and  we  fear 
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of  the  alUed  species  aie  not 
'  distinct  from  it  Professor  Smith 
ns  OS  that,  in  this  species,  Mr.  West 
tlie  dots  disposed  in  quincunzi  and 
nes  consequently  oblique,  (iv.  48.) 

€ififfuma  (K).  —  Lftr^  smooth ; 

serpentine^  with  the  mterior  end 
Mi  inwards.  KB.  1 17.  £  26.  At- 
^  and  Antarctic  Oceans.  1-650"  to 
V.  We  see  not  how  this  differs 
G.  terpentmoy  as  we  belieye  that  no 
B8  in  tiiis  genus  is  really  smooth. 

Laterai  view  wUhfour  oonstrictions. 

tndulata  (£.). — Lateral  view  linear. 

four    constrictions    and   rounded 

;   septa  in  front  view  undulated. 


KB.t.29.f.6a    Fossil, Gt«eee ;  recenl 
America.     1-860". 

B*  Lateral  view  kmate. 

G.  areuata,  EM.  pL  36  a.  23.  £  11,  12 
Assistance  Bay.  Tne  figures  represen 
the  front  view  with  undulated  septa 
and  the  lateral  one  lunate,  with  trans- 
verse  lines  and  a  central  canaL 

G.  curvata,  EM.  pi.  36  a.  22.  £  13 
Antarctic  Ocean.  The  figure  shows  ti[i< 
lateral  view,  like  that  of  O,  areuata ;  bui 
its  central  canal  is  smaller,  and  there  an 
no  tnmsrerBe  lines. 

G.  wbtiUgaima.  — Striad  fine.  A  goo^ 
test  for  high  powers. 


anus  GEPHYRIA  (Arnott). — Frustules  attached ;  front  view  with  sub- 
Hate,  finely  striated  connecting  zone,  destitute  of  septa ;  yalvee  arcuate 
milar,  with  transyerse  coeto  interrupted  by  a  longitudinal  line.  Marine, 
place  Gephyria  with  the  Striatellee  because  of  its  resemblance  tc 
Leuiia;  but  the  absence  of  septa  renders  its  proper  position  somewhal 
»tfiil.  The  lower  valve  differs  fix>m  the  upper  one  in  having  a  smootli 
liar  space  at  each  end.  The  strongly  arched  valves  and  absence  of  septc 
ngoish  it  from  Eupleuria.  It  differs  frrom  Achnanthes  by  having  no 
nd  nodule. 


KPHYBiA  ineurvata  (Ar.). — Cost®  of 
d  about  7  in  "OOl" ;  connecting  zone 
stout  longitudinal  cost®.  ArMJ. 
p.  20.^JEupleuria  ineurvatay  Ar  MJ. 
.  90;  Achnanihes  eodataf  Johnstone, 
viiL  p.  20,  pL  1.  £  14  South  African 
E^tagonian  guano. 


G.  media  (Ar.).— Valves  obtuse,  with 
11  costs  in  OOl".  Ar  MJ.  viiL  p.  20. 
Achnanthes  angustataj  Johnstone,  MJ. 
viii.  p.  20,  pi.  1.  £  13.    Califomian  guano, 

G.  Telfairi€B  (Ar.).  —Valves  with 
acute  cuneate  ends,  and  16  costfe  in 
•001".  ArMJ.  viiL  p.  20.    Mauritius. 


Bnus  EUPLEUBIA  (Arnott).  —  Frostulee  united  into  short,  attached 
lents;  front  view  annulate,  indefinite,  with  short  septa  and  beaded 
pns ;  valves  dissimilar,  costate ;  costs  interrupted  by  a  longitudinal  line, 
e  of  lower  valve  fewer  and  central.  Marine.  Eupleuria  differs  fix>m 
bdonema  by  its  dissimilar  valves,  the  transverse  costse  of  the  lower  one 
g  confined  to  the  middle — a  character  conspicuous  even  in  the  frront  view, 
)  the  ends  of  the  costsB  are  there  seen  as  marginal  bead-like  dots.  The 
M  have  some  resemblance  to  those  of  Achnanthes,  but  have  no  central 
lie  or  stauroe. 


TPLXxntiA  puieheOa  (Ar.).  —  Front 
with  stout  longitudinal  costs  con- 
yd  by  transverse  bars,  very  short 
^  and  punctated  lateral  margins. 
:MS.  vi.  p.  80.  New  Zealand  and 
aralia.  Tne  frustules,  in  the  front 
.  have  the  cellulate  structure  of 
bdonema ',  but  the  septa  are  so  abbre- 
d  as  to  seem  mere  nuuginal  dots, 
the  puncta  on  the  ventral  margin 
onfined  to  the  middle.  Annuli  close, 
erous ;  valves  usually  turgid  at  the 
He  and  rapidly  tapering  to  the  obtuse 
IS  (subovate),  but  sometimes  linear- 


oblong.  In  the  lower  valve  the  costs 
and  lon^tudinal  line  are  present  only  at 
the  miadle  portion,  and  leave  a  lar^ 
hyaline  blank  space  at  each  end.  Stns 
between  the  costs,  and  oblique. 

E.  oeellata  (Ar.).  —  Front  view  with 
longitudinal  Imes,  fine  transverse  stris, 
and  costate  lateral  margins ;  costs  of 
ventral  marnn  longer,  confined  to  the 
middle,  and  divergent  Ar  TMS.  vi.  p.  9. 
New  Zealand.  In  ^.  ocdZoto  the  frustules 
are  more  hyaline  than  in  E,  puichtUa, 
and  the  longitudinal  costs  less  conspi- 
cuous, and  not  connected  by  transverse 
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ban.  The  most  evident  distinctioii, 
however,  is  the  davate  or  capitate  lines 
of  the  dorsal  and  ventral  maivins,  those 
of  the  latter  being  longer,  tewer,  and 


divergent  The  septa  seem  to  be  mdi- 
mentaiy,  as  in  the  preceding  speoBB. 
Valves  oblong-linear,  sometimes  curved, 
with  rounded  ends. 


Genus  ENTOPYLA  (£hr.). — ^Fnutules  prifflnatio,  compressed,  multivalTed; 
valves  contiguous,  in  a  straight,  simple  series,  like  the  leaves  of  a  book; 
internal  ones  traversed  by  a  large  median  opening ;  outer  ones  transverselj 
striated,  unequal,  one  entire  (not  perforated),  the  other  famished  with  a  large 
pore  at  each  end.  Marine.  Entopjla,  by  its  curved  form,  i^proaches 
Achnanthes ;  by  its  tabulate  figure  it  is  more  akin  to  Tessella ;  bat  it  comes 
nearer  to  Biblarium  Hian  to  any  other.  Although,  in  deference  to  the  opinion 
of  Professor  Amott,  we  have  kept  Eupleuria  distinct  from  this  genus,  we 
doubt  the  propriety  of  doing  so.  From  Ehrenberg's  comparison  of  Ento^la 
with  TesseUa  and  Biblarium,  and  bearing  in  mind  his  peculiar  views,  it  is 
evident  that  the  *'  internal  valves''  are  the  ^^annuli"  of  Smith,  and  the  ''per- 
forations of  the  ventral  valve''  the  blank  spaces  at  each  end.  Since  the 
opening  in  the  internal  valves  is  stated  to  be  so  large  as  to  leave  only  a  thin 
margin,  the  septa  must  be  rudimentary.  Both  Entopyla  and  Eupleuria  seem 
therefore  to  differ  from  Rhabdonema  in  their  dissimilar  valves  and  rudimen- 
tary septa,  nor  are  we  able  to  find  any  character  in  Ehrenberg's  description 
which  enables  us  to  distinguish  Entopyla  from  Eupleuria. 


Entopyla  AwtroUs  (Ehr.). — Leaves 
(annuli)  about  16;  transverse  cost»  of 
outer  ones  Tor  valves)  82  to  more  than 
40  in   numoer,  divided  by  a  median 


flexuose  line.  ERBA,  1848,  p.  42.  s 
Surirella  AudraUs,  Ehr.  1840.  Pata- 
gonian  guano. 


Oenus  DIATOMELLA  (Grev.). — Frustules  quadrangular,  forming  at  first 
a  piano-compressed  filament,  at  length  separating;  vittse  two,  int^rupted 
in  the  middle  and  at  each  end.=sDisiphonia,  E.  Aquatic.  Professor  Smith 
doubtfully  referred  to  Grammatophora  the  Diatom  for  which  this  genus  was 
constituted ;  but  we  consider  the  differences  pointed  out  by  Dr.  Greville  as 
sufficient,  independently  of  its  aquatic  habitat,  to  separate  it  from  that  genus. 
In  Grammatophora  the  septa  are  formed  in  the  central  or  connecting  portion, 
arise  from  the  margins  of  the  filament,  and  are  interrupted  in  the  middle.  In 
Diatomella  they  appear  to  us  to  arise  from  a  thickened  rib  connecting  the 
lateral  and  central  portions,  and  form  imperfect  diiqthragms  with  three  open- 
ings— one  central,  the  others  marginal.  We  have  included  Diatomella  in  this 
fiamily,  but,  although  Professor  Smith  states  that  its  frustules  are  annulate 
and  nearest  in  structure  to  Grammatophora,  we  are  not  sure  it  is  rightly 
placed  here;  for  two  puncta  exist  at  each  end  of  the  frustule,  as  in  the 
Fragilarieae. 


Diatomella  Bal/ouriana  (Ghr.). — La- 
teral view  linear  or  oblong,  with  rounded 
ends  and  46  fine  stri»  in  OOl."  GANH. 
a  2.  XV.  i^.  9.  &.  10-13.  s(?ramma^ 
phora  ?  Balfourianay  SBD.  ii  p.  43,  pi. 
6L  t  883.^Di8iph(mia  AwtraUi,  EM. 


pj.  35  a.  £  7.  South  Africa^  Sootii  Ame- 
rica, Scotland.  Front  view  quadrangular, 
with  a  smooth  central  portion,  separated 
from  the  transversely- striated  lateral 
valves  by  the  vittie.    (iv.  51^  62.) 


FAMILY  Vn.— MELOSntE^. 

Frustules  disciform,  cylindrical,  or  globose,  simple  or  united  into  a  filament ; 
lateral  surfaces  flat  or  convex,  circular,  smooth  or  with  radiating  strise,  less 
frequently  cellulose,  granulate  or  punctate ;  front  view  with  the  central  por- 
tion usually  either  obsolete  or  divided  by  one  or  two  central  furrows.     "  For 
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the  moet  part  the  Coeomodiflcese  are  related  to  this  family^  with  which  they 
haye  been  hitherto  imited  by  Ehrenberg ;  but  I  have  separated  them  because 
the  shell  of  the  Coscinodiscese  often  has  divergently  arranged  bands  and  a 
ceUnlose  formation^  which  is  wanting  in  the  Melosirese.  Moreover  the  forms 
of  the  genus  Melosira  have  in  life  so  great  similarity  to  the  true  simple  Con- 
fervse,  that  they  may  easily  be  confounded  even  by  practical  Algologists. 
The  heating  of  a  specimen  upon  mica,  however,  distinguishes  them  so  cer- 
tainly that  we  can  never  be  in  doubt "  (Kiitzing).  The  line  of  demarkation 
between  the  Melosireae  and  CoscinodisceeB  is  by  no  means  well  established ; 
generally,  discoid  forms  with  cellulose  structure  belong  to  the  latter,  and  fila- 
mentous or  smooth  species  to  the  former.  This  family,  however,  contains 
some  distinctly  cellulose  species ;  but  they  are  distinguished  by  their  inflated 
or  vaulted  segments  and  tiie  absence  of  a  central  portion. 

We  have  removed  some  genera  Kiitzing  had  placed  here,  as  we  consider 
Mr.  Brightwell  has  proved  t£at  they  are  more  akm  to  ChaBtoceros. 

Oenus  (TTCLOTELLA  (Ktitz.). — ^Frustules  disciform,  simple  or  binately 
conjoined ;  central  portion  ring-like ;  valves  plane  or  slightly  convex. 
Aquatic  and  marine.  =sDiscoplea,  Ehr.  Cydotella  differs  from  Meloeira  in 
not  forming  a  filament.  The  recent  species,  according  to  Kiitzing,  are  either 
adnate  or  enclosed  in  a  shapeless  gelatinous  substanpe.  Some  of  the  species 
approach  closely  in  character  to  Coscinodiscus.  We  retain  Eiitzing's  name 
because  it  has  the  claim  of  priority. 


Cyclotblla  opereuktta  (EL). — ^Valves 
depressed  in  the  centre;  strise  obscure, 
very  short ;  front  view  with  rounded 
an^es.  SBD.  i.  p.  28,  pi.  6.  f.  48.  Fresh 
water.  Europe.  This  suecies  is  involved 
in  great  confusion^  ana  we  confess  our 
inability  to  reduce  it.  ^  We  have  adopted 
Professor  Smith's  views,  though  with 
much  hesitation.  Kiitzing  describes  the 
margin  as  punctated:  and  his  figures, 
thouffh  varying  mucn  in  size,  of  the 
nmbuical  portion,  show  the  margin 
closely  and  irregularly  punctate,  whilst 
Smith  describes  them  as  striated.  Kiit- 
zing refers  here  the  Discoplea  Kiitsmaii 
fK);  but  that  form,  according  to  uie 
n^iures  in  the  '  Microgeologie,'  is  larger, 
with  radiating  strise  reaching  to  the 
centre  of  the  disc.    (v.  53.) 

C.  rectangtda  TBr^b.). — Similar  to  C, 
c^ercukUa ;  but  uie  frustules  in  the  front 
view  have  acute  an^es.  Bab  D.  p.  11. 
France.  By  Kiitzing  made  a  variety  of 
C  opereuktta,  by  Smith  of  C  EMangi- 
ana.    Cv,  54.) 

C.  8eatica  (K).  —  Frustules  adnate  j 
disc  plane,  very  smooth.  KB.  t.  i.  f.  2, 
8.  =  e.  lAffusUcOj  K.  /.  c.  1 1.  f.  4.  On 
marine  alps.  Scotland,  &c.  We  unite 
C  Ugustiea  to  this  species,  since  Kiitzing 
makes  no  distinction  except  size,  which 
in  the  DiatomacesB  is  too  variable  to  be 
made  the  only  specific  difiference.  D. 
1-960"  to  1-516".    (xiv.17.) 

C.  maxima  (K.). — Frustules  large,  ad- 
nate ;  disc  nearly  plane,  punctated.  K.  Ic, 


1 1.  £  5.  On  Alg»  in  the  Pacific.  Diam. 
1-800"  to  1-126".    Puncta  scattered. 

C.  Coscinodiscus  (E.,  K). — Dibc  small, 
irregularly  but  densely  and  finely  granu- 
late, mamn  smooth.  =i^op/^a  Cosci^ 
nodiseus,  EM.  pL  38. 10.  f.  L  2.  FossiL 
United  States.  Habit  of  Coscinodiscus 
minor,  rather  turgid  on  the  sides.  D. 
1-1728". 

0.  MammiUa  (E.,  K.).— Disc  smooth, 
umbonate  in  the  centre ;  suture  in  front 
view  tumid,  nroduced  at  the  margins.  = 
Discoplea  MammiUa,  EM.  ^  38.  22. 
f.  1-3.  FossiL  Pata^nia.  The  suture 
between  the  valves  is  ridffe-like,  and 
consequently  projects  at  Uie  margins. 
Bim  of  disc  striate.    Diam.  1-1728". 

C.  umhUicata  (R). — Disc  smooth,  with 
a  central  smooth  umbo.  s=2)wco;p/^a  um- 
biUeata^  EM.  pL  85  b.  b.  f  9.  From 
Atlantic  deep  soundings.  Ehrenberg 
describes  this  species  as  smooth,  but 
figures  it  with  a  punctated  centre. 

C.  Americana  (E.^  K.). — ^Frustules  in 
front  view  tpgid,  with  a  transverse,  tri- 

States. 


carinated  ring ;    disc 
19. 


punctate 
United 


centre.     KSA. 
Diam.  1-660'.     " 

C.  physoplea  (R,  K.). — Disc  smooth, 
except  a  circlet  of  large  vesicular-looldng 
granules  round  the  centre.  =  Discoplea 
physoplea,  EM.  pL  33.  17.  f.  8.  Fossil. 
Viigmia.    Diam.  1-1152". 

C.  comta  (E,,  K.). — Disc  with  a  circlet 
of  small  struB  near  the  margin,  and  a 
crowded  central  mass  of  granules.  ^Dis' 
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copffa  eomta,  EM.  pL  38.  1b.  Asia, 
Anic«|  &c  Front  view  tumid  at  the 
sides.  Although  this  species  is  said  to 
have  a  granulated  umbilicus^  none  of 
Ehienbe^s  figures  exhibit  this  cha- 
mcter. 

0.  dendroekara  CE,), — Disc  smooth, 
except  a  didet  of  snort  myB,^IH9eoplea 
demuroekara,  R  On  trunks  of  trees. 
Venezuela.  Frustules  smalL  tumid  in 
front  view.  Diam.  of  disc  l-1920"]cen- 
tral  circlet  with  about  ten  rays.  Habit 
of  C  eomUu 

O.  atnuMpKerica  (E.).  —  Disc  with  a 
central,  rather  turgid  umbilicus,  from 
which  radiate  numeronsstris.  b  Diacoplea 
atmotpherieoy  EAL  ^  S9.  L  £  17.  In 
atmospheric  dust.    Diam.  1-1008". 

G.  Smettm  (R). — ^Disc  with  a  central, 
rather  tur^d,  granular  umbilicus,  from 
which  radiate  numerous  striae ;  the  stri» 
separated  from  the  umbilicus  by  a  border. 
^Diacoplea  Sinensii,  EM.  pi.  39. 1.  £  16. 
Atmoepneric  dust.  China,  &c  Diam. 
1-864  .  Kays  much  closer  than  in  C 
atmotpkericaj  and  smooth,  not  rou^h  as 
in  that  species.  In  front  view  Imear, 
with  striated  margins,     (xv.  4.) 

G.  Atlaniica  (K). — Disc  with  a  central, 
somewhat  granular  umbilicus,  from  which 
proceed  numerous  radiating  lines,  s  Dii- 
coplea  AtianHea,  EM.  pL  39.  a  £  29. 
Atmospheric  dust  Atlantic.  Smaller 
than  the  last,  and  its  umbilicus  not  cir- 
cumscribed by  a  rim;  but  we  doubt 
whether  this  and  the  two  preceding  spe- 
cies are  sufficiendy  distinct,    (xv.  3.) 

G.  Oregonica  (^),^DiscopUa  Otmo^ 
mcoy  EM.  pL  37.  2.  £  a  Oregon.  Eh- 
renberg*s  figure  represents  a  small  disc 
with  a  central  punctated  umbilicus,  from 
which  proceed  numerous  rays.  Front 
view  lineal^  with  marginal  strife.  Does 
this  difier  from  C.  Sknensis  ? 

G.  venuala  TR). — ^Disc  with  granulated 
umbilicus  ana  numerous  smooth  rays,  a 
Diacoplea  venudOj  ERBA.  1852,  p.  634 
Alive.  California.  Akin  to  C.  atmo' 
apheriea ;  frustules  with  the  stellate  habit 
of  Actinocyclus.  Ehrenberg  observed 
three  specimens.  In  one  the  umbilicus 
was  nearly  equal  to  a  fourth  part  of  the 
diameter  of  the  disc,  and  the  entire  sur- 
face very  nearly  smooth ;  in  another  the 
sur&ce  was  distinctly  granulated,  and 
the  umbilicus,  having  its  margin  oblite- 
rated, was  scarcelv  evident. 

C.  Astrma  (R,  IL). — ^Disc  with  a  large 
punctated  centre  and  densely-rayed  mar- 

fin.  KSA.p.l9.=  C.i?oft«fa,KB.t2.£4: 
BD.  pL  5.  £  50  P    Kurdistan ;  Ireknd. 
Diam- 1-636".  It  has  the  habit  and  size  of 


Mdotira  vmiams,  but  is  not  concateinale. 
C,  Bjotda  is  a  marine  species. 

C.  Peruana  (R,  K).— Disc  wiUi  voy 
fine  rays,  reaching  to  the  oentie.=JDw- 
€!op&o/»0rtiaiui,EM.pL38A.14  £a  In 
pumice  from  Arequipa  and  Santiago, 
Peru.  Resembles  C,  Astr^m,  Diam. 
1-600"'.  The  thickness  of  the  frostule 
equals  half  its  length.  Although  the  ravs 
are  described  as  reaching  the  centze,  the 
figures  show  an  umbilical  space. 

G.  oUgaeUa  (Ky^IHaeofiea?  oiwattU, 
EM.  pL  35  A.  9.  £  L  Ganges.  ^3iren- 
berg's  figure  shows  a  smtQl  disc,  with 
striated  rim  and  irreg^ular  nmbiKcaJ 
space,  from  which  procc^  a  few  irregu- 
lar rays. 

C.  'Chrtaca  (R). — Disc  plane,  inter- 
ruptedly striated  in  a  radiate  manner.s 
Dtacoptea  Or€dea,E.3aB  Coadtwdimsm  Grtt- 
ci«,KSA.p.l25;EM.pL6.2.£L  Foaal 
in  Greece.    Diam.  1-864". 

C.  antiqua  (S.J. — ^Valves  convex;  stria 
broad,  not  reaching  the  margin.  Diam. 
■0009"  to  -0013".  SBD.  i.  p.  28,  pL  5.  £ 
42.  ^  Lough  Moume  and  Peterhead  de- 
posits, &c 

C.  mcta  (R,  K).— Disc  plane,  broadly 
flrranulated  in  the  middle,  its  maisin 
densely  radiated ;  rays  very  slender,  oe- 
mntly  mixed  vrith  pairs  of  stouter  one& 
KS  A.  p.  20.  African  coast.  Disc  some- 
times laige. 

G.  Rota  (R,  EL).  —Disc  large,  with 
numerous  (62)  equal  rays,  not  reaching 
to  the  centre ;  surrace  papillose ;  papills 
unequal,  smallest  between  the  nya, 
largest  at  the  centre.  =s2>Mn^pfoi  BMa, 
EM.  pL  35  A.  22.  £6.  Southern  Ocean. 
DianL  1-192".  This  and  the  noxt  species 
are  distinguished  from  the  rest  by  having 
papillsd  or  granules  in  the  intervals  St 
the  rays. 

C.  EoUda  (R,  K.). -- Resemblea  C 
BotOj  but  is  smaller,  its  ravs  fewer  in 
numoer  (20),  and  its  papiUsd  equals 
Dueoplea  Botida,  EM  pL  35  a.  &  £  7. 
Southern  Ocean.  Diam.  1-696".  As  in 
C  Botaj  the  rays  extend  from  the  mai)^ 
towards,  but  do  not  reach  the  centre. 

C.  detUieulata  (R.  K).— Disc  marked 
with  straight,  pmllel,  granulated  lines, 
and  its  margin  denticiuate.  KSA.  p.  20. 
Bermuda.  IHam.  1-672".  In  the  character 
of  its  margin  it  resembles  Mdotkra  std" 
eata,  but  in  the  arrangement  of  its  gra- 
nules it  improaches  Ooacinodiacua  Imeaiua, 

C.  undukUa  (R,  K.). — ^Disc  with  radiat- 
ing lines  of  very  minute  granules,  and  an 
undulated  margin.  =  i)tsrcpfea  umhtlatOj 
EM.  nl.  33.  18.  £  3.  Bermuda.  Diam. 
1-576  .    Maiginal  flexures  about  fifteen. 
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C.  Bfylontm  (Br.).— Vahre  with  styli- 
form  rajB  diverging  tern  the  centre,  and 
ending  near  the  marg^in  with  a  large 
drcnlar  head;  centre  irregularly  punc- 
tate. Sierra  Leone.  BrTMayJu.  a9e, 
pi.  a  £  16. 

C.  P  radiata  (Br.). — ^Valye  with  ainipley 
stitmgly  marked  radii^  reaching  nearly  to 
the  centre ;  centre  smooth ;  in  front  Tie  w 
the  ends  of  the  radii  iq[^pear  as  poncta. 
Weet  Indies,  Monterey.  Br.  Z.  c:  p.  96^ 
pL  6w  £  11.    As  many  as  ten  frustulee 


have  been  fimnd  in  mnon;  this  may, 
therefore,  belonjr  to  Meloeira. 

C.  fmnctata  (».). — ^Fmstoles  with  nn» 
dulations ;  yalves  delicately  punctate  or 
cellulate ;  cellules  radiate.  Diam.  -0006" 
to  -0015".  Fresh  water.  England.  SBD. 
iLp.87.   (vm.ia) 

C.  DaUtmana  (S.).— Valyee  with  mar- 
jpinal  costSB;  centre  cellulate:  cellules 
irregular.  Length  of  costsD '0008";  Diam. 
of  yalye  032".  Brackish  water.  Eng- 
land.   SBD.  iL  p.  87. 


(JenuB  ACnNOGONIUM  (Ehr.). — Frnstules  suborbicular,  many-angled; 
disc  smooth,  with  radiating  lines.  Actinogoniom,  like  Lioetephama,  Offers 
from  the  rest  in  being  smooth. 


AcnKoooNivM  septenariumj  EM.  pL 
Sa  I  39.  Barbadoes.  Rays  (7)  diyid- 
ing  the  disc  into  compartments,  separated 
from  the  margin  by  a  regularly-undu- 


lated border.  Between  the  centre  and 
border  is  a  circlet  of  yery  short  lines,  two 
in  each  compartment,  (v.  65.) 


Genus  LIOSTEPHAKIA  (Ehr.). — ^Fmstnles  simple,  orbicular;  disc  smooth, 
bnt  with  a  crown  of  rays  encircling  a  large  smooth  central  space  or  umbi- 
licns.  Liostephania  is  distinguished  by  its  disc  being  smooth,  and  haying  a 
circlet  of  strisB,  which  striae  do  not  reach  the  margin. 


LiosTBPHANiA  Botula  (R).  —  Disc 
haying  from  six  to  fourteen  simple  rays. 
EM.  pL  3a  £40.    Barbadoes.  (v.  67.) 

L.  eomta  (E.). — ^Disc  with  from  six  to 
thirteen  rays,  connected  exteriorly  by  a 
circlet  of  puncta.  EM.  pi.  36.  t  41. 
BartMuloes.     This  species  differs  from 


the  preceding  one  in  the  presence  of 
puncta. 

L.  magn^fica  (E.). — ^Disc  with  its  rays 
alternating  inwturos  with  pairs  of  yery 
short  striie,  and  connected  exteriorly  by 
a  circlet  of  puncta.  EM.  pi,  da  t  ^ 
Barbadoes.  (v.  6a) 


Genus  DICTYOLAMPRA  (Ehr.). — ^Erustules  orbicular,  not  concatenate; 
disc  without  an  umbilicus,  but  haying  a  circular  cellular  centre,  with  radiat- 
ing striae,  which  alternate  with  other  striae  from  the  margin. 

Dictyolampra  differs  from  the  other  genera  of  this  family  by  its  disc  being 
cellulose  only  in  the  centre,  and  indeed  it  probably  ought,  together  with  Lio- 
stephania and  Actinogonium,  to  form  a  distinct  family;  but,  haying  seen 
no  specimens,  we  are  unable  to  decide  on  their  proper  position. 


DiCTYOLAMPBA  St^la  (EM.  pL  36.  t 
38).  Bart)adoes.  The  only  species.  In 
the  centre  is  a  large^  circular,  loosely  cel- 
lulose umbilicus,  with  numerous  (about 


20)  short  radiating  lines,  which  alternate 
with  similar  ones  directed  inwiurds  from 
the  margin ;  between  the  latter  are  inter- 
posed yery  short  marginal  striie.  (v.  68.) 


Genus  MASTOGONIA  (Ehr.).— Erustules  simple  (unequally),  biyalyed; 
yalyes  not  cellulose,  in  lateral  yiew  circular,  unarmed,  witii  lines  radiating 
from  a  stellate  or  angular  umbilicus.  These  forms,  which  were  formerly 
placed  in  Pyzidicula,  may  be  recogniied  by  their  unequal  and  angular  yalyes, 
radiating  yeins,  and  noncellular  siu£EU)e.  The  definitions  of  the  spedes  in  this 
genus  are  unsatisfactory,  depending  almost  entirely  on  the  number  of  rays — 
a  character  which  we  r^g;ard  as  yery  yariable. 


Mastogonia  Cntx  (E.).  —  Valyes 
laive,  one  with  four,  the  other  with  seyen 
RMuating  lines ;  apex  not  truncated.  EM. 


nL33. 1&£&   Bermuda.    Diam.  1-306". 
Umbilicus  stellate. 
M.  q^dnaria  (R). — Valyes  large,  one 
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with  fire  radinting  lineSy  the  other  un- 
known :  apex  not  tanmcate.  ESA.  p.  25. 
fiennuda  Diam.  1-480".  Scarcely 
more  than  a  variety  of  the  preceding 
speciea. 

M.  Bota  (R). — ^Valyee  lar^,  one  with 
six,  the  other  with  seyen  radiating  lines ; 
apicee  entire.  KSA«  n.  36.  Bermuda. 
Diam.  l-SW.  Probably  another  variety 
of  3f.  Crux. 

M.  sexangvia  (R). — ^Valvee  thin,  one 
with  six  radiating  lines,  the  other  un- 
known; apex  broadly  truncate,  with  a 
hexagonal  area.  EM.  pL  33.  17.  £  12. 
Virgmia.  Diam.  1-I6d2\  Resembles  a 
truncated  six-sided  cone.  All  the  above 
species  are  very  smooth  and  crystal- 
hne. 

M.  hqptagona  (R). — One  valve  with 


seven,  the  other  with  nine  rays;  apex 
truncated.  BaiAJS.  xlviiL  pL  4.  £  12. 
Bermuda.    Diam.  1-840". 

M.  Ocukm-CharMdeontiB  (R).— One 
valve  having  eig^t  radiating  lines  and 
truncate  apex,  the  other  unknown.  ESA 
p.  26.  s  ^xidieula  Ocuhsa-Chamtdotmiu. 
Mar^hind.    Diam.  1-1162". 

M.  Actinopfyehus  (R). — One  valve  with 
9,  the  other  with  13  flexuoee  radiatioj^ 
lines  'y  Ibices  broadly  truncate.  =  iyn- 
dietdaf  AeUsupfydmSy  EM.  pL  la  £  la 
ViiKinia.  This  species  seems  distinct  in 
its  nexuose  rays  and  the  undulated  mar- 
gin of  its  umbilicus,    (v.  69.) 

M.  Discopka  (R).  —  Valves  small, 
conic,  with  18  to  20  rays ;  apices  smooth, 
truncate.  KSA.  p.  26.  In  Patagonian 
pumice.    Diam.  1-1162". 


Genus  STEPHANOGONIA  (Ehr.).-r-yalve8  as  in  Mastogonia,  but  their 
truncated  apices  have  spinous  angles. 

Distinguished  by  the  rays  being  prolonged  into  spines,  and  foiming  a  fiinge 
round  tb^  umbilicus. 


Stbphanogonia  quadrangula  (R). — 
Valves  thin,  smootn,  with  truncated 
apices,  one  having  four,  the  other  six 
ray-like  angles  and  spines.  KS A  p.  26. 
Bermuda. 

S.  pdygona  (R). — ^Valve  with  central 
portion  smooth  and  much  elevated,  united 


to  the  margin  bv  an  ind^nite  number  of 
ra3rs,  the  spaces  between  which  aro  some- 
times fEuntly  punctate  ;  the  umbilicas 
sometimes  surrounded  with  spines.  Vir- 
ginia and  Bermuda  deposits.  EM.  pL33L 
18.  £  10;  Br  JMS.  viiL  p.  97,  pL  6. 
£a  (v.  67.) 


Genus  CLADOGRAMMA  (Ehr.). — ^The  characters  of  this  genus  are  un- 
known to  us. 

centre,  and  irr^folarly  forked  or  divided 
near  tiie  margm.  California.  EBL  id. 
33. 18.£1»*.    (vra.ll.) 


Cladogbamma  CaUfomicum  (E.).  — 
Valve  orbicular^  not  cellulose,  marked 
with  flexuose  hues  radiating  from  the 


Genus  HYALODISCUS  (Ehr.). — ^Frustules  simple,  disciform  ;  diso  smootii, 
flat,  its  umbilical  portion  or  centre  separated  by  a  distinct  suture. 

Eiitzing  unites  this  genus  with  Cyclotella;  but  its  comparatively  large 
hyaline  disc,  with  a  centre  distinguished  by  an  evident  suture,  and  usually 
somewhat  coloured,  is  perhaps  sufficient  to  justify  its  removal.  Its  flat  disc 
will  distinguish  it  from  Podosira. 


Uyalodibcvb  Paiagmicua  (E.). — Disc 
large,  very  smooth,  its  margin  separated 
from  the  large  centre  by  a  slightly 
^oved  but  not  denticulate  suture ; 
junction-line  in  front  view  very  tumid. 
EM.  nl.  88.  22.  £  10,  11.  In  pumice 
from  Patagonia.    DianL  1-432". 

H.  ktvis  (R). — ^Disc  large,  smooth,  its 
central  portion  separated  oy  a  fracture- 
like suture.  EM.  pi.  33. 16.  £  17.  Cyclo- 
teUa  laviifKxLtL.  \arginia.  D^am.  1-466". 
Allied  to  CycloteUa  physoplea.  The  su- 
ture between  the  valves  is  not  tumid, 


and  the  central  portion  of  the  disc  is 
smaller,  and  hence  more  distant  frtmi 
the  rim,  than  in  S,  Patagonicus, 

H.  stdUger  (Bai.). — Disc  with  a  broad 
margin  covered  with  distinct  rectilinear 
rows  of  dots,  arranged  in  groups  so  as 
to  produce  a  stellate  appearance.  BC 
vii.  Abundant.  St.  Augustine,  florida. 
^*  The  markings  in  this  species  are  quite 
distinct^  and  the  stellate  appearance, 
resembling  that  shown  by  Cosemoduam 
9ubtiU»,  wul  at  once  distinguish  it  from 
all  other  species,''  B. 
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H.  mtbtOu  (Bai.).— ''  Bibc  muked  like 
the  engine-tiinied  back  of  a  watch,  with 
lines  of  exceeding  delicacy,  only  Tiaible 
by  the  highest  magnifiers  and  careful 
mumination;  umbuical  portion  more 
coarsely  granulated  and  in  size  little  less 


than  one-thirdof  thediameter  of  thedisc,'' 
B.  L  e.  pL  1.  f.  12.  Halifax,  Noya  Scotia. 
*'  J7.  kims  differs  by  having  a  wider  mar- 
gin and  much  coarser  markings.  This 
ries  forms  an  admirable  test-object,'* 
(v.eo.) 


Genus  LY8ICYCTJA  (Ehr.). — ^The  characters  of  this  genns  are  unknown 
to  xis.  From  Ehrenberg's  figures  it  appears  closely  related  to  Hyalodiscus, 
the  disc  having  a  central,  circular  umbilicus,  and  a  broad  border  separable  at 
the  suture,  as  in  that  genus. 

Lysicyclia  VoffeUiy  EHBA.  1S66,  p.  333,  f.  29.    Central  Africa,   (vni.  89.) 

Genus  PODODISCUS  (Kiitz.).— Frustules  as  in  Podosira,  but  affixed  by  a 
lateral  stipes.  Marine.  We  think  that  the  lateral  position  of  its  stipes  is 
scarcely  sufficient  to  separate  Pododiscus  firom  Podosira. 

PoBonisciTS  JamakemU  (Kiitz.).  —  I  pi.  16.  f  28.  On  Enteromorpha  raimUosay 
Frustules  simple,  concatenate,  smooth ;    Jamaica.    Diam.  1-840".   (xm.  28.) 
stipes  elongated,  delicate.    KSA.  p.  26,  | 

Genus  PODOSIRA  (Ehr.). — Frustules  united  into  short  filaments,  having 
a  distinct  central  stipes ;  interstitial  portion  obsolete ;  valve  convex.  Marine. 

In  Podosira  the  lateral  valves  are  vaulted,  and  the  central  portion  is  at 
first  a  mere  connecting  ridge  between  them.  This  ridge,  however,  becomes 
gradually  broader,  and  then  double;  afterwards  an  intermediate  growth 
separates  the  halves  of  the  frustule,  which  meanwhile  do  not  increase  in  size ; 
and  at  last,  when  the  intermediate  space  equals  the  diameter  of  the  originid 
frustule,  two  new  frustules  are  formed  by  the  addition  of  a  hemisphere  on 
the  inside  of  each  of  the  separated  portions.  The  outer  silidous  covering 
still  remaining,  the  frustules  are  connected  in  pairs,  and  appear  like  two 
globules  within  a  joint.  The  valves  usually  have  a  central,  coloured  umbi- 
licus— ^an  appearance  which  Professor  Smith  attributes,  in  our  opinion  errone- 
ously, to  an  absence  of  silex  at  that  point. 

P.  maculata  (S.). — ^Disc  with  a  laiye 
central  umbilicus,  which  is  bordered  by 
an  irregular,  fracture-like  suture,  from 
which  radiate  outwards  several  shadow- 
like bands;  surface  punctated.  SBD.  ii. 
p.  64,  pL  49.  f.  328.  Common  in  deep 
water,  guano,  &c.  Britain.  It  may  be 
identical  with  Oraspedodiaem  SteOa,  E. 


PoDOSiBA  Montagnei  (Kiitz.). — ^Frus- 
tules subspherical,  dotted;  connecting 
sheath  with  parallel  annular  series  (h 
minute  strisB.  SBD.  ii.  jpL  49.  f.  326. 
=P.  AdriaHcaf  Me.  on  Dial ;  Mehsira 
glMfera,  Ra  ANH.  xii.  Britain,  France, 

P,Honname8  (Kvitz.), — Frustules  oval, 
united  into  short  momliform  filaments ; 
connecting  sheath  obscurely  punctate; 
lateral  view  with  umbilicus  but  no  rays. 
SBD.  pi.  49.  f.  327.=P.  nummuhidea,  E. 
(n.  4o.)  Atlantic,  Britain,  &c.  Di- 
stinguished from  iJie  preceding  species 
by  its  more  depressed  valves. 


P.  compressay  West  (vm.  34.) 
P.  Uevis  (Greg.).  —  Frustules  trans- 
parent, glassy,  with  very  delicate  obliijue 
striee  and  scattered  puncta ;  connectmg 
zone  distinctly  striated ;  disc  without  a 
distinct  umbilicus.  Grev  MJ.  viL  p.  86, 
pi.  6.  £  16-17.    Scotland. 


Genus  MELOSIRA  (Ag.). — ^Frustnles  cylindrical,  discoid,  or  globose,  con- 
nected into  cylindrical  conferva-like  filaments,  one  or  two  lines  passing 
round  each  frustale  near  the  centre. =Gallionella,  Ehr.  Maritime  and  aquatic. 
This  genus  is  easily  distinguished  fr'om  the  other  genera  of  the  DiatomacesB 
except  Pododiscus,  with  which  the  species  in  its  first  section  closely  correspond 
in  character.  The  filaments  are  remarkable  for  their  conferva-like  appear^ 
ance,  but  may  be  known  by  their  brown  colour  and  very  fragile  nature.  The 
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BpecaeB  are  munfirouB,  and  sometimefl  dilEer  very  alightly ;  we  finr  mdeed  tiiat 
several  of  them  have  been  eonstitnted  upon  insnffioient  grounds.  Attempts, 
more  or  less  successM,  have  been  made  to  remove  some  species,  and  to  fbrm 
with  them  new  genera.  We  have  used  these  divisions  as  sections,  partly 
because  we  are  unable  to  find  at  present  differential  oharacteiB  sufficient  to 
justify  a  more  complete  separation,  and  partly  because  we  cannot  decide 
absolutely  on  the  proper  position  of  several  species.  The  following  are  the 
sedions  we  have  adopted : — 

*  Lysiganiwn. — Joints  globose  or  elliptic,  with  a  ring-like  keel  round  each 
valve.  In  this  section  the  frustules  resemble  in  form  those  of  the  two  pre- 
ceding genera,  but  are  distinguished  by  their  carinated  valves.  The  suture 
is  a  ridge  between  the  valves. 

2  *  OaUumeUa, — Joints  cylindrical  or  suborbicular,  with  a  single  median 
furrow,  and  more  or  less  rounded  ends,  generally  binately  connected ;  valves 
not  carinated.  The  filaments  are  more  or  less  interrupted  at  their  margins, 
and  the  junction-surfSoces  are  not  denticulated. 

3  *  Aulaeosira, — Joints  cylindrical,  bisulcate,  with  more  or  lees  rounded 
extremities.  The  genus  Aulaeosira  was  proposed  by  Mr.  Thwaites  for 
"  those  q)eoie6  characterized  by  the  absence  in  the  fhistule  of  an  evidoit 
central  line  indicating  the  place  of  subsequent  fissiparous  division,  but  eadi 
frustule  having  two  somewhat  distant  sulci  or  fossule  passing  round  it.^  We 
have  found  the  sulci  constant ;  but  Professor  Smith  believes  '*  the  chaiaoteis 
have  no  real  existence,  and  owe  their  apparent  presence  in  the  species  Hr. 
Thwaites  adopted  as  his  type,  viz.  Meloslra  erentdata,  Etitz.,  only  to  accident, 
or  observation  under  impejrfect  illumination.  A  careful  study  of  the  specimens 
from  Aberdeen,  upon  which  Mr.  Thwaites  himself  founded  his  remarks,  and 
of  gatherings  from  various  other  localities,  has  failed  to  satisfy"  him  *^  that  any 
essential  differences  exist  between  this  species  and  other  OrthosirsD.'' 

4  *  Orthosira, — Joints  exactiy  cylindrical,  marked  by  a  central  line,  con- 
nected into  an  uninterrupted  cylindrical  filament;  internal  cavity  often 
spherical  or  subspherical  (Thwaites).  Orthosira  contains  "  those  species 
the  frustules  of  which  are  not  at  all  convex  at  the  extremities,  and  which 
therefore  form,  by  their  dose  contact,  an  uninterrupted  cylindrical  filament '' 
(Thwaites).  Professor  Smith  distributes  the  species  of  Melosira  under  two 
genera,  Melosira  and  Orthosira,  which  he  thus  defines.  Melosira  :  **  FQa- 
ments  cylindrical,  of  numerous  frustules,  attached  or  free ;  frustules  spherical 
or  subcylindrical,  more  or  less  convex  at  the  junction-surfiGkces.''  Orthosira: 
*'  Filaments  cylindrical,  of  numerous  frustules,  continuous,  attadied  or  free ; 
frustules  and  valves  cylindrical ;  junction-sur&ces  plain,  line  of  junction 
usually  spinous  or  denticulated."  We  regret  that  in  the  present  state  of  our 
knowledge  we  cannot  adopt  Orthosira  as  a  substantive  genus.  Its  junction- 
margins,  indeed,  are  usually  denticulate  or  spinous,  a  character  we  do  not  find 
in  Melosira  as  defined  by  Professor  Smith ;  but  this  character  is  not  considered 
essential.  In  our  opinion,  too,  there  is  greater  affinity  between  ^*  MeUmra 
dtstan$'*  and  **  Orthotira  oriehalcea  "  than  between  the  latter  and  "  Orthosira 
mUata"  Melosira  is  of  peculiar  interest,  as  it  afiR)rds  the  most  freqnent 
examples  of  that  form  of  reproduction  in  which  the  valves  of  a  frustule  sepa- 
rate, and  a  sporangium  is  formed  between  them,  unamended  by  conjugation. 


*  Fnutules  encircled  with  median  and 
lateral  ridffes,    Lysigonium. 

Mblosiba  numnudoidee  (Dillwyn, 
Ag.). — ^Frustules  spherical,  very  finely 
punctured;  valves  carinated.    SBD.  ii. 


p.  66,  pL  49.  f  329.  sJf.  diaciffero,  Ag. 
Marine  and  brackish  waters.  Eurra^ 
America.  (v.64:.xi.l4)  Diam.  l-170(r 
to  l-86(y'.  Frustules  globular,  united 
iu  paiiSy  forming  a  monmform  filament ; 
eBcti  divided  into  henuspheree  by  a  < 
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tnd  ridge  and  croesed  b;^  fisunteT  lines  at 
each  end.  Professor  Elitzing  describes 
it  as  of  a  golden  colour  when  dry ;  our 
specimens  are  greenish.  Sporan^al  frus- 
tiiles  larger,  concatenated,  originating 
firom  the  terminal  frustule  only.  Ac- 
cording to  Kutzinf^,  the  frustules  in  this 
species  are  temately,  and  in  the  next  bi- 
nately  conjoined ;  ihis  does  not  coincide 
with  our  experience.  The  only  species 
likely  to  be  confounded  with  it  is  the 
following. 

M.  saSna  (K.). — Smaller;  valves  of 
the  binate  frustules  achromatic,  smooth ; 
keels  very  fine.  KB.  p.  52,  pL  3.  f.  4.  = 
GalUoneua  nummuioiaes^  Kl.  p.  167. 
/3.  eoncatenaiOy  more  distinctly  stipitate ; 
firustules  concatenated  by  a  distinct  isth- 
mus^ KB.  pi.  3.  f.  5.  Brackish  waters. 
Europe.  This  species  differs  from  M. 
nummuloidea  by  its  less  conspicuous 
keels  and  more  distinct  stipes.  Pro- 
fessor Smith  unites  them;  for  ''forms 
aberrant  in  these  respects  are  so  fre- 
auently  intermixed  with  the  ordinary 
niistules  that ''  he  ''  cannot  regard  such 
peculiarities  as  of  specific  importance.*' 

M.  Westn  (S.).  —  Frustules  sub- 
globular  ;  valves  conical,  with  truncated 
apices  and  a  sutural  and  median  sUi- 
caous  ring.  SBD.  ii.  p.  59,  pL  52.  f.  333. 
Stomach  of  Pecten,  coast  of  Sussex. 
This  species  seems  distinct  in  the 
strongly  marked  central  and  lateral 
ridgee. 

2  •  Joints  hinately  or  temately  conjoined: 
vtUves  With  rotmded  endSf  neither  cari- 
noted  nor  denticulated,    Gallionella. 

M.  momU/ormii  (MiiU.,  Ag.). — Joints 
rather  longer  than  broad,  finely  punc- 
tated,  binately  conjoined,  vrith  rounded 
ends.  KR  pL  3,  £  2.  =3f.  Borreri,  Gr. ; 
GaUdoneUa  moniliformis^  E.  Common  in 
brackish  and  marine  waters.  Diam. 
1-860".  Kiitzing  describes  this  species 
as  having  temately  conjoined  frustules 
concatenated  by  a  distinct  isthmus. 
Sporangial  frustules  larger,  concatenated, 
and,  according  to  Professor  Smith,  origi- 
natiii^  only  in  the  terminal  frustules  of 
the  filament,     (v.  71.) 

M*  Uneata  (Billwyn,  A^.).  —  Joints 
cylindrical,  smooth,  binately  conjoined, 
with  rounded  ends ;  pairs  closely  adnate. 
KB.  p.  53,  pL  3.  f.  1=  QaaimeUa  Uneata^ 
£.  Marine.  Europe.  A  single  filament 
sometimes  consists  of  from  1200  to  4000 
frustules,  forming  a  chain  2  or  3  inches 
in  length.  Length  of  joint  1-1400"  to 
1-430". 

'^dubia  (Kiitz.).  —  Smaller]  articu- 


lations depressed,  spheroidal,  smooth. 
KB.  p.  53,  pL  3.  f.  6.  Marine,  near  Cux« 
haven.    Dmm.  1-1200". 

M.  JitrgetisH  (Ag.). — Slender;  joints 
smooth,  elongated,  with  two  slight  con- 
strictions beneath  the  silicious  sheath; 
junction-surfaces  convex,  hemispherical, 
closely  concatenate.  KB.  p.  54,  pi.  2. 
f.  15.=3f.  subflexiUsy  SBD.  pi.  51,  f.  331. 
Brackish  waters.  Europe,  jbiam.  1-800" 
to  1-1200".  There  is  only  one  sutural 
line,  having  usually  on  each  side  of  it  a 
slight  constriction.  As  in  M,  varians^ 
the  inflated  joints  are  interstitial,  and 
closely  united  to  the  parent  frustule. 
M,  JwffensH  differs  from  3f.  subflexiUs 
in  its  marine  habitat  and  more  closely 
connected  joints ;  but  we  find  it  difiicult 
always  to  oiBcriminat^  them.  The  joints 
are  more  uniform  than  in  M,  varians, 
usually  longer  in  proportion  to  their 
breadth,  and  with  more-rounded  ends, 
especially  in  the  new-formed  valves. 
(V.63.) 

M.  stib/lexilis(K,), — ^Frustules  cylindri- 
cal, smooth,  binately  conjoined,  younger 
ones  elongated,  adult  shorter,  depressed 
ends  slightiy  convex ;  pairs  united  by  a 
short  isthmus.  KB.  p.  53,  pL  2.  f.  13. 
Rivulets.  Europe.  Diam.  1-560".  Re- 
sembles M.  varians  with  the  binate  frus- 
tules connected  by  short  interstitial  pro- 
cesses. Professor  Smith  thinks  this 
species  identical  with  Conferva  Uneata^ 
Dill.  Sporangial  frustules  as  in  3f.  mo- 
niUformis, 

M.  varians  (Ag.). — Joints  cylindrical, 
irregularly  binately  conjoined ;  ends  flat 
with  rounded  angles,  closely  adnate; 
disc  with  very  dehcate,  radiating  mar- 
ginal  striae.  SBD.  dl.  51. 1 332=  OaUiO' 
neUa  varians,  Ehr.  Fresh  water :  every- 
where common.  /3.  ee^ittaUs,  all  the  joints 
quadrate ;  M.  amttdis,  Ag.  This  species 
varies  much,  both  in  size  and  lengtii  of 
joints ',  the  margins  of  the  filament  are 
more  or  less  interrupted;  but  the  ge- 
minate arrangement  of  the  frustules  is 
often  very  obscure ;  the  valves,  although, 
as  in  most  other  Diatoms,  they  are  reiQly 
dotted,  appear  smooth  unless  magnified 
The  s^ran^al  cells  are  inflated  and  in- 
terstitial; JProfessor  Smith  describes 
them  as  at  first  globular,  but  afterwards 
dividing  (as  in  the  preceding  ^ecies^  and 
becoming  cylindricial,  whilst  Rabennorst 
gives  a  completely  difierent  account  of 
them.  The  latter  says  "  that  on  forma- 
tion of  the  inflated  cell,  its  granules,  at 
first  irregularly  formed,  become  oblongo- 
ovate.  Motion  takes  place  as  in  ordinary 
zoospores.  The  coll  opens,  the  granules 
3o 
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stroam  forth,  and  two  elongated  cilia 
become  visible  at  their  hyaline  smaller 
end.  Their  movement  lasts  for  a  very 
short  period;  they  settle  down,  and 
quickly  equal  or  surpass  in  size  the 
mother-ceU."  K  this  aescription  be  cor- 
rect, it  will  add  an  important  &ct  in  sup- 
gort  of  their  vegetable  nature.  Professor 
mith  makes  uie  following  diagnostic 
remarks  upon  this  species : — "  The  only 
species  witn  which  this  form  can  be  con- 
founded is  3f.  subflexiUs ;  but  M,  variam 
has  the  extremities  of  its  frustules  closely 
applied  and  partially  truncate ;  those  of 
ifir  mbflexiUs  are  often  more  or  less 
separated  by  a  mucous  cushion,  and  di- 
stmctly  convex.  . . .  Jf.  subfiexilisy  when 
in  abundance,  appears  as  a  dark-green 
iridescent  mass.  3f.  varians  always  pre- 
sents a  rich  golden-yellow  or  chestnut 
to  the  eye.  The  geminate  arrangement 
of  the  frustules  b  conspicuous  in  3f.  sub- 
flexUis,  and  indistinct  in  M,  varians,''^ 
SBD.  ii.  p.  68.  The  fossil  frustules  of 
this  species  constitute  the  f^reater  part 
of  the  earthy  deposits  of  white  powder 
used  in  polishing  silver  plate,  (rv.  ^ ; 
IX.*  131 5  XV.  32.)      - 

3  *  Fnutuies  cyUndrical,  histdeate,  wUh 
rounded  junction' fnargms. 

M.  distans  (E.,  K).— Slender;  joints 
cylindrical,  smooth  or  indistinctly  punc- 
tate<L  with  two  distant,  delicate,  ring- 
like miTows,  all  closely  connected:  disc 
plane.  KB.  p.  54,  pL  2.  f.  12.  Fresh 
water.  Europe,  Asia,  Australia,  Africa, 
and  America.  Fossil,  Bilin,  &c.  Diam. 
1-8466"  to  1-864".  Joints  once  to  twice 
as  long  as  broad. 

M.  nivaUs  (S.^.— Joints  subcylindrical  j 
valves  subhemispherical,  distmc^y  cel- 
lulate ;  extremities  more  or  less  truncate ; 
disc  dotted.  SBD.  ii.  p.  68,  pL  63.  f. 
SS6.sCo8emodi8cu8  minor,  SBD.  i.p.23, 
pL  3.  £  36.  Fresh  water  in  Alpine  di- 
stricts. Britain.  According  to  Irofessor 
Smith,  this  form  hardly  diflPers  from 
M,  distansy  except  in  the  greater  di- 
stinctness of  the  cellules,  and  may  not 
be  distinct. 

M.  ortcAofccfl  (Mertens,  K.).— Slender; 
joints  obscurelv  punctated,  mostly  longer 
than  broad,  closely  binately  conjoined, 
with  slightly  crenulate  ends  and  two 
median  furrows:  disc  plane.  KB.  p.  64, 
1  2.  f.  14  =  OaUioneBa  aurie?ud€€a,  Ehr 
Inf.  Freshwater.  Common.  Europe, 
Asia,  Africa,  and  America.  Younger 
Toints  two  or  three  times  as  long  as 
broad;  older  ones  shorter.  This  species 
differs  from  3f,  Itaiica   merely  m   its 


more  obscure  crenations  and  appaientiv 
smooth  disc;  and  perhi^  JmhaBot 
Smith  rightly  united  them.  Its  flat  and 
closely  connected  ends  diatinjruish  it 
from  M.  varians,    (y.  65 ;  vm.  33.) 

M.  Itaiica  (E.,  K.).— Slender ;  joints 
cylindrical,  longer  than  broad,  with  den- 
ticulated ends  and  two  median  furrows; 
disc  with  striated  border.     KIB.  p.  55, 
pi  2.  f.  Q,^OaU%ondla  ItaUca,  Ehr.;  G, 
crenata,  EM.  many  figures;    Q,  aram- 
lata,  EA.  pi.  2.  1.  f.  14 ;  Mdcmra  on- 
chaicea,  Kalfe,  Annals,   xii ;  Aulaconra 
erenulata,  Thwaites;  Orthosira  oriehalemy 
SBD.  ii.  p.  61,  pL  63.  f.  837.     Fr^ 
water.    Europe,  Asia,  Australia,  Afrka, 
and  America,   (xi.29,  xv.33.)  fi.Bmde- 
rana,  Kiitz.,  more  slender;  joints  four 
to  eight  times  as  long  as  broad,  c^ten 
inflated ;  disc  striated,  KB.  pL  2.  f  1. 
Hamburgh.    Mr.  Thwaites  describes  the 
sporangiimi  as  oibicular,  with  its  axis  of 
elongation  at  right  angles  to  that  of  the 
frustule  from  which  it  originated;  but 
Professor  Smith's  experience  did  not  en- 
able him  fiilljto  confirm  Mr.  Thwaites^a 
observations. 

"ML.eoarctataiEX — Joints  smooth.  Its 
habit  is  that  of  Ja,  varians,  but  its  disc 
is  not  striated.  EA.  pL  3. 5.  £9.  Mexioo. 
(XI.20&27.)  Kutzmg  unites  this  fonn 
with  M.  orichakea. 

M.  Itoseana  (Bab.).  —  Joints  longer 
than  broad,  with  two  broad  constrietiouB 
and  dentated  truncate  jimction-maigins; 
disc  with  radiating  strisd  and  three  or 
more  central  dots.  Bab  D.  p.  13,  t  Id 
=  Orthosu-a  jqnnosa,  SBD.  ii.  p.  61,  pL 
61.  f.  386.  Elurope.  Caves,  in  moss,  on 
trees,  &c ;  probably  common.  Muc^  as 
they  differ  m  appearance,  the  late  Pro- 
fessor Gr^pory  considered  that  he  had 
traced  the  L^rogyra  qmnUs  into  this 
species;  and  certainly  the  two  fbnns 
are  almost  invariably  found  toee^ier. 
(V.67.)  ^ 

M.  Utvis  (E,)^OaUioneUa  ktris,  EM. 
pis.  9,  14  &  33.  Ehrenberg  giree  up- 
wards of  fifty  habitats  in  Australia,  Asia, 
Africa,  and  America.  His  figures  of  iMs 
species  differ  considerably  from  ^m^ 
other,  and,  in  the  absence  of  description, 
render  it  dif&cult  to  form  any  idea  of  the 
specific  characters.  Ehrenberg  (L  e,  p. 
118)  says  it  is  allied  to  Stqahemodiseut 
JEptdenaron,  and  we  strongly  suspect 
that  both  these  forms  ought  to  be  united 
to  M,  Boseana. 

M.  pileata  (E.,  K.). — Joints  shorter 
than  broad,  smooth,  with  two  finely 
punctated,  widely  separated  sntnresL 
Jimction-portions  convex,  smooth^  often 
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nanower  than  the  intermediato  portion  I 
(dngalam);   hence  the  hat-like  fonn. 
KSA.  p.  81.=  OaaUmeOa piieata,  ERBA.  i 
1844;  M,  pi.  85  a.  21.  f.  11.    Antarctic  , 
Sea.    IKain.  1-648".  i 

4  *  JomU  eyUndricalj  connected  into  an  • 
uniniemqfted  filatnent ;  internal  cavity 
often  spherical  or  subapherieal* 

M.  arenaria  (Moore^.  —  filaments 
stout,  etirved :  joints  cylindrical^  mostly 
shorter  than  broad,  closely  united  with 
denticnlated  jonctimi-maigins  and  a  line 
of  Duncta  on  each  side  of  suture;  disc 
witJi  radiating  striie  and  punctated 
centre.  Ralfs,  ANH.  xii.  pL  9.  f.  4  = 
Orthogira  arenaria,  SBD.  ii  p.  69.  pi.  52. 
i  334;  OaOioneOa  biseriata,  £M.  pL  15 
A,  £  5-7.  IVeeh  water.  Europe.  Easily 
recognized  by  its  great  size.    (vin.  17.) 

m;  wubdata  (R,  K).  —  Stout :  joints 
longer  than  broad,  constricted  withm  the 
dieath,  hence  undulate;  disc  alighidy 
conyex,  yery  finely  radiated.  KSA.  p.  29. 
a  GaUioneUa  wuhdata,  EM.pl.  IL  f.  2, 8. 
Europe  and  Africa.  Pro&ssor  Smith 
rekfiB  this  form  to  M.  arenaria. 

M.  ptme^era.  ss  GaUioneUa  ptmeiigera, 
EM.  nL  12.  £  9.  FoesiL  Germany. 
Ehrenberg's  figure  renresents  a  large 
^edea,  perha]^  not  oistinct  from  M, 
arenaria,  Jomts  within  a  common 
sheath,  in  one  figure  shorter,  in  another 
Iniger  than  broad,  constricted  on  each 
side  of  the  suture,  and  haying  a  series  of 
dots  along  the  junction-margins.  Disc 
with  numerous  radiating  dotted  lines 
and  a  smooth  umbilicus. 

M.  Sol  (E.|  K\  —  Joints  coin-like, 
fiye  times  shorter  than  broad ;  disc  plane, 
huge,  strongly  and  broadly  radiated,  with 
a  smooth  umbilicus  and  narrow  smooth 
rim.  KSA.  f.Sh^OalUoneaa  Sol,  EM.. 
DLd5A.22.£12.  Antarctic  Sea.  Rays 
o4;  suture  of  yalyes  single.  Diam. 
1-336".  This  species  riyals  M.  arenaria 
in  size,  and  somewhat  resembles  it  in 
appearance,  but  is  marine. 

M.  Oeuhis  (E.,  K.).— Habit  of  M.  Sol, 
but  larger,  with  equal  and  stouter  rays. 
KSA.  p.  81.  ERBA.  1844,  p.  202.  Ant- 
arctic Sea.  Rays  67.  Diam.  1-240". 
Probably  a  state  of  M.  SoL 

M.  I^nwanum  (E.,  K.).  —  Disc  yery 
broad,  yyiw  a  smooth'  cenlTe  and  a  nar- 
row, finely  striated  margin.  KSA.  p.  81; 
ERBA.  1844,  p.  202.    Antarctic  Sea. 

M.  caUigera  (R,  K.\  —  Joints  small, 
smooth,  haying  the  habit  of  M.  distans, 
but  with  a  single  median  suture  and  an 
endosed,  double,  granular  mass  (as  in 
M.undulata).    KSA.i^.Sl.saGaUionella 


ealUgera,  ERBA.  1846;  EM.  pL  12.  £  9 
A;.  I  Fossil  in  pumice,  Island  of  Ascen- 
sion.   Diam.  1-1728". 

M.  sculpta  (E.,  K.). — Joints  not  so 
long  as  broad,  densely  striated,  and  ele- 
gantly sculptmned  witn  horizontal  punc- 
tated lines;  suture  a  narrow  smooth 
band ;  disc  with  radiating  punctated 
lines.  KSA.  81.  »  GamoneUa  Bculpta, 
EM.  pi.  3a  12.  £  20, 21.  Fossil.  Ore- 
gon.   Diam.  1-960''.    Frustulee  oyal. 

M.  Campylonra,  =  GaUioneUa  Cam^ 
pylotira,  EM.  pL  85  a.  18  b.  £  1-^. 
^be.  Resembles  Jf.  tfcM^pto,  but  smaller. 
Joints  suborbicuiar,  within  an  uninter- 
rnpted  sheath,  with  horizontid  dotted 
lines  on  each  side  of  a  narrow,  smooth 
sutural  interspace;  disc  with  marginal 
radiating  lines. 

M.  Califomica  (E.).  —  Joints  broader 
than  lon^,  densely  and  strongly  striated 
with  horizontal  punctated  lines ;  sutural 
interyal  smooth,  not  distinct,  as  GcdHo- 
neUa  CaUfomica,  ERBA.  1852,  p.  584, 
Fresh  water.  California.  Very  much 
akin  to  the  fossil  M.  scuhta,  and  both 
forms  closely  approach  M.  granukUa. 
Frequently  tne  granulated,  dome-shaped 
temunal  discs  are  foimd  dispersed 
amonflst  the  truncated  joints.  Perhaps 
thereiore.this  form,  with  M.  Sorologium, 
should  be  referred  to  the  peculiar  genus 
Sphserotermia. 

M.  Horologium  s  GaUUondla  yel 
SpJuerotenma  Horologmn,  EM.  pi.  S3, 
2.  £  17.  Fossil.  Siberia.  We  haye 
seen  no  description  of  this  species,  or  of 
Ehrenberg*s^enus,Sphssrotermia.  Frus- 
tule  with  nonzontal  strise  interrupted  by 
the  smooth  sutural  band;  disc  with  a 
large,  definite,  smooth  umbilicus  and 
distant  radiating  striaB,  terminating  at 
inner  ends  in  a  circlet  of  gland-like  dots 
(tubercles?),    (v.  62.) 

M.  arctica  (Dickie).  —  Joints  globose 
or  oyal,  smooth,  the  median  sutural  line 
generally  single,  but  duplex  in  subcu- 
taneous diyision,  with  a  smooth  band 
interposed.  =  6ra//ia7a«^  arctica,  ERBA. 
1853,  p.  528 ;  EM.  pL  85  a.  £  1, 2.  Mel- 
yiUe  and  Kingston  Bays.  In  Ehrenberg's 
figures  the  fruBtules  are  within  a  common 
continuous  sheath,  and  marked  with  hori- 
zontal series  ofpuncta. 

M.  sulcata  (E.,  K.).  —  Joints  shorter 
than  broad,  with  a  smooth  median  fur- 
row and  pinna-like  cellules  on  each 
side ;  disc mmished  with radiatingstrisd, 
which  do  not  reach  the  centre.  KB.  p. 
55,  pL  2.  £  7.  =>  GaUioneUa  stdcata,  Ehr. ; 
Orthosira  marina,  SBD.  ii.  p.  59,  pi  53. 
£  388.  Marine.  Frequent,  both  recent 
8a2 
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and  foflfiiL  (ix.  131  and  xi.  2G.)  This 
species,  which  varieB  considerably  in 
size;  is  well  marked  by  its  short,  slightly 
angular  joints,  and  its  transverse  sculp- 
ture-like marks  on  each  side  of  the  su- 
ture. Margin  of  disc  often  denticulate. 
Diam.  1-860"  to  1-600". 

M.  eoronata  (E.,  K.). — M,  mdcata  in 
habit;  joints  cylindricnl,  striated;  disc 
smooth,  slip^htly  convex,  with  a  crenated 
margin  and  a  circlet  of  pearl-like  gra- 
nules within.  KSA.  p.  31.  =  OaOianMt 
eoronata,  £M.  pi.  38.  22.  f.  5.  Marine. 
Asia^  AMca,  Patagonia.  Diam.  1-864". 
It  differs  from  m,  sulcata  only  in  the 
more  distinct  crenations  of  the  disc  and 
the  circlet  of  dots. 

M.  o^ofw  (E.,  K.).— Habit  of  M,  md- 
cata ;  out  disc  plane,  smooth,  and  neither 
radiated  nor  granular.  KSA.  p.  31.= 
GdmoneOa  plana,  ERBA.  1845.  Fossil. 
Patagonia.  D.  1-1152".  This  form  may 
possibly  be  M,  mdcata,  with  its  markings 
destroyed  by  igneous  action. 

M.  Hetrurica  (K.).  —  Small ;  joints 
cylindrical,  smooth,  twice  as  long  as 
broad,  with  finely  denticulated  junction- 
margins;  disc  convex,  marked  with 
dotted  rays.  KB.  p.  65,  pi.  2.  f.  6.  Fossil. 
San  Fiore.    Diam.  1-3600"  to  1-800". 

M.  grantdata  (E.). — Joints  longer  than 
broad,  with  horizontal  pimctated  lines 
on  each  side  of  the  median  suture,  and 
denticulated  junction-margins ;  disc  with 
a  series  of  marginal  pimcta.  s  GaUumeUa 
granulata,  EA.  p.  123;  M.  many  figures ; 
G,  tenerrima,  EM.  pi.  39.  f.  60;  OrthO' 
sira  punctata,  SBD.  ii.  p.  62,  pi.  58.  f. 
839.  Fresh  water.  Ehrenberg  gives 
upwards  of  50  habitats  in  Europe,  Asia, 
and  America. 

M.  ^.  maxima.  Disc  with  81  mar- 
ginal denticulations;  and  strongly  a^ 
to  M.  sulcata, 

M.  Mdrchtca  (E.).  —  Resembles  M, 
grantdata ;  but  the  dotted  lines  are  pa- 
rallel io  the  suture,  and  not  horizontal,  s 
QaUUmeUaMarcMca^'EM., several  figures; 
O,  procera,  EM.  pi.  15  a.  t  1.  fVesh 
water.  Europe,  Awa,  Africa,  and  Ame- 
rica. 

M.  decussata  (E.).  —  Resembles  M, 
granulata ;  but  the  dotted  lines  aie  dia- 
gonal and  decussatnig.  a  OaUionetta  de- 
cussata, EM.  several  figures.  Fresh 
water.  Asia,  Africa,  and  America. 
Kiitzing  includes,  perhaps  correctly,  M. 
Marchica  and  M.  granulata  under  this 
species. 

M.  lirata  (E.,  K.).— Has  the  habit  of 
M.  granulata,  but  with  more  conspi- 
cuous lines,  disposed  like  the  strings  of 


;  a  lyre.    KBA,  ^  SL=:  GaOumeOa  lu^MtOj 
I  EM.  pL  2.  3.  f.  33.    Fossil.     America. 
I      M.  spiraUs  (E.,  K.). — Filaments  curved 
,  and  sniral ;  joints  small,  oblique,  longer 
than  oroad,  or  ^ual,  looaely  ponetated 
'  in  transverse  series.   KSA.p,3L  =  GW- 
UoneUa  spiralis,  EM.  pL  S3.  13.  L  3. 
FossiL    Oregon.    Diam.  1-2804". 
'      M.  Americana  (Kiita.). — ^Frustules  in- 
;  duded  in  a  jointed  cylindrical    tube, 
separated  by  dissepiments  of  the  tube, 
I  ellintic,  wiui   striated  margins  and  a 
median   furrow;    disc    wit£    ladiatiiig 
striae,  convex.  KB.  pL  80.  £  6a  =  CMb- 
sira  Americana.    Diam.  1-600".    Appa- 
rently frimished  with  internal  ailictoits 
cells. 

M.  DickieU  (Thwaites,  K.).— JointB 
mostly  longer  than  broad,  smooth  or  ob- 
scurely punctated,  except  by  ccmapicnood 
dots  boitiering  the  suture ;  disc  obecurd j 
punctate ;  sporangia  ?  fusifonn.  KSA. 
p.  &d^,^Orthosira  Diekien,  Thwaites, 
ANH.  2nd  series,  i.  pL  12;  SBD.  ii. 
p.  60,  pi  52.  f.  335.  TKsh.  water.  Ckve 
near  Aberdeen,  (xv.  29.)  <'  The  fila- 
ments of  this  beautifril  q»ec]6B  ooosist 
generally  each  of  frxmi  two  to  foar  frus- 
tules,  which  are  hyaline  and  perfectly 
smooth ;  central  cavity  fiilled  with  dark 
red-brown  endochrome ;  sporangium 
fusiform,  marked  with  numerous  annular 
constrictions,  whose  formation  is  fno- 
gressive,  and  which  ^  on  increaoii^ 
imtil  the  sporangiimi  is  fully  developed 
(xv.  296.  29  b.  a  filament,  the  tenninal 
cells  of  which  have  each  commenced  to 
develope  a  sporangium;  and  £  29c.  & 
mature  sporangium).  This  formalioD 
thus  occurs:  at  the  commenoemoit  of 
the  formation  of  a  sporangium,  the  endo- 
chrome, at  the  same  time  that  it  with- 
draws from  the  end  of  the  fi-ustule,  pio- 
duces  at  its  centre  an  additional  ring  of 
cell-membrane ;  and,  this  prooeaa  con- 
tinuing to  take  place  at  certun  intexrals, 
each  new  ring  of  cell-menibrane  exceed- 
ing in  diameter  those  previously  fbraiedy 
produces  at  length  the  structure  rqire- 
sented  in  f .  29  c ;  or  it  may  be  a  more 
correct  explanation  of  the  process  to  aaj 
that  an  entire  new  ceU-memloane  has 
been  developed  by  the  youn^  eponuiffimn 
at  the  time  each  new  nng  has  been 
formed,  and  that  thus  have  originated 
the  several  chambers  into  which  i£e  ends 
of  the  sporangium  are  divided;  fiad- 
parous  division  subseauently  takeenlaee, 
and  sporangial  frustules  are  develofped 
from  each  half,  as  shown  in  £  29 1>.^ 
Professor  Smith  doubted  whether  the 
frisiform  bodies  are  sporangia,  as  ^  tliia 
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mode  of  deyelopment,  in  the  formiition 
of  sporangia,  stands  alone  and  unsup- 
ported—-a  serious  difficulty  in  the  way 
<rf  admitting  Mr.  Thwaites's  conclu- 
sions." For  this  and  other  reasons,  he 
was  disposed  to  refer  the  process  to  the 
develo^ent  of  internal  cells,  as  in  Meri- 
dion,  Himantidium,  Odontidium,  and 
Achnanthes,  and  recorded  his  impression 
that  the  process  was  not  connected  with 
the  sporangia. 

AL  tenuis  (K.).— Very  slender;  joints 

Srlindrical,  smooth,  longer  than  broad, 
oseljr  connected,  produced  at  their 
junction.  KB.  p.  54,  pi.  2.  f  2.  In  the 
polishing  powder  of  Lunebenr.    Diam. 

i-67eov 

M.  Garganica  (Rab.).— Very  slender ; 
joints  two  or  three  times  as  lon^  as 
raoad,  with  stou^  protuberant,  mdi- 
stinctly  dentate    jimctions;    disc  flat, 

functated  on  the  periphery.    Rab  D.  p. 
4,  t.  2.  f.  a    Italy.    After  burning,  it 
reminds  one  of  M,  tenuis. 

Doubtful  and  imperfectly  described 
Secies, 

M.  Doayana  (Van  den  BoschY — Joints 
cylindrical,  finely  pnnctatea;  length 
equal  to  or  a  fittle  longer  than  the 
breadth.  KSA.  p.  29.  Stagnant  water. 
HoUancL    Diam.  1-1162"  to  1-770". 

M.  cireularis,  ^  OalHonella  circularis, 
EM.  pL  85  A.  9.  f.  3.  Asia  and  America. 
Filaments  slender, curved ;  jomts  broader 
than  long,  closely  connected,  smooth, 
with  a  single  sutimd  line. 

M.  Oamca.^OaUianella  Gallica,  £M. 
pL  9.  2.  f.  2.  Fossil.  France.  The 
nrustule  has  one  diameter  twice  as  long 
as  the  other,  and  no  suture  or  striae. 

M.  hdUmkHa  =  OaUioneUa  hahphUa, 
EM,  pL  37.  5.  f.  1.  Europe.  Prustules 
minute,  smooth. 

M.  teaniatass  GaUioneUa  'taniattif  EM. 
A,  39.  3.  f.  66.  Atmospheric  dust.  The 
hguie  shows  a  single  subquadrate  frns- 
tide,  without  any  distinguishing  chur 
lacter. 

M.  trachcali8=  GaUioneUa  tracheaUs, 
EM.  pi.  8.  2.  f.  18.  Hungary.  Ehren- 
berfi^s  figure  is  too  imperfect  to  be  in- 
teUigible. 

M.  laminaris  =  GaUioneUa  laminariSf 
EM.  nl.  39.  3. 1  64.  Asia.  The  imper- 
fect ^ure  shows  striated  junction-mar- 
gins. 

M.  Scala  ^  GaUioneUa  Scala,  EM.  pi. 
a  1.  f.  24     Hungary.    The  figure  ro- 

S resents  a  slender  continuous  nlanient, 
ivided  into  smooth  quadrate  joints. 
M.  ?  mesodon  =  GaUionelia  Y  mesodon 


t 


(FragUaria  mesodon?),  EM.  pi.  11.  f.  16. 
Bohemia.  Filament  slencler,  conti- 
nuous, with  smooth  subquadrate  joints, 
haying  two  puncta  at  each  outer  margin, 
as  in  FragUaria. 

M.  ochracea,^  GaUioneUa  ferruginea 
(Ralfe). — Slender,  oval,  convex  at  both 
ends ;  smooth.  In  many,  perhaps  in  all 
chalybeate  waters,  and  also  in  peat- 
water,  which  contains  a  small  proportion 
of  iron,  this  is  to  be  found ;  it  is  of  the 
colour  of  iron-rust,  and  in  mineral 
springs,  in  which  it  abounds,  is  often 
taken  for  precipitated  oxide  of  iron.  It 
covers  evervtning  under  water,  but 
forms  so  deucate  and  fioccose  a  mass^ 
that  the  least  motion  dissipates  it.  In 
the  n>ring  of  the  year,  this  mass  is  com- 
posed of  very  delicate  pale-yellow  glo- 
Dules,  which  can  be  easily  separated 
from  each  other.  They  unite  together 
in  rows,  like  short  chams,  and  produce 
an  irregular  gelatinous  felt  or  fioccose 
substance.  About  summer,  or  in  autumn, 
they  become  developed  into  more  evi^ 
dently  articulated  and  stiff  threads,  of  a 
somewhat  larffer  diameter,  but  still  form 
a  complicated  mass  or  web,  and,  either 
from  adhering  to  each  other  or  to  deli- 
cate Confervce,  appear  branched ;  in  the 
young  condition,  when  examined  under 
shallow  ma^fiers,  they  resemble  gda- 
tine ;  but  with  a  power  of  300  diameters, 
the  fiexible  granules  are  discoveraUe, 
and,  with  dexterous  management,  the 
littie  chains  forming  the  felt  or  fioccose 
web  can  be  made  out.  In  summer,  on 
the  other  hand,  its  structure  can  be  ob- 
served much  more  easily  and  distinctiy. 
Eariy  in  spring,  the  colour  is  that  of  a 
pale  yellow  ochre ;  but  in  summer,  tiiat 
of  an  intense  rusty  red.    Diam.  1-1200". 

According  to  Kiitzing,  this  is  not  a 
species  of  GaUioneUa,  but  a  Conferva ; 
it  has  no  true  sUicious  lorica,  as  have 
true  Diatomea) ;  and  the  coating  of  oxide 
of  iron  is  not  an  essential  element,  but 
merely  an  incrustation,  such  as  wiU  form 
on  weU-known  Confervae  placed  under 
like  circumstances,  i.  ^.  in  water  holding 
salts  of  iron  in  solution,  which  are  suIh 
sequentiy  precipitated  by  exposure  to 
the  air,  and  converted  into  the  red  oxide. 

The  same  author  differs  from  Ehren- 
beig  as  to  the  part  placed  by  the  so- 
called  GaUiotieUa  femtgtnea  in  the  pro- 
duction of  the  oxide  of  iron  in  chalybeate 
waters,  of  bog-iron  ore,  of  clay-iron  ochre, 
&c.  For,  he  observes,  in  many  springs 
rich  in  iron  no  such  organism  is  found, 
although  other  Confervte  may  be  present 
—  Confervfo,  however,  not  peciuiar  to 
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Boch  habitats,  but  common  in  springe 
and  ponds  generall^r. 

Mr.  Ral£  (op,  eU.  p.  862),  however; 
in  part  supports  Ehrenberff,  declaring 
that,  thougn  identical  witk  Conferva 
^diraeea  (Dillwyn),  yet  ^<  Ehrenberg  is 
no  doubt  correct  in  placing  the  plant  in 
^iis  genus,  as  tlie  fituonents  are  silicious 
and  cylin(hricaL*' 

Nageli  describes  and  figures  a  species 
which  he  refers  to  the  genus  Ghdlionella  \ 
but  it  is  a  doubtful  member.  His  de- 
scription, however,  espedall]^  that  of  the 
self-division,  induces  us  to  give  it  nearly 
in  his  own  words,  with  his  name  (Ray 
Society,  1846,  p.  219). 

M.  NdgeU  (R.).— Shortly  cylindrical; 
diam. -014  '  to  W\    Manne.    Naj^ 

''Both  the  terminal  sur&ces  oi  the 
c^  Under  are  flattened ;  so  that,  when  seen 
sideways,  it  appears  rectangular,  with 
the  angles  rounaed  off.  It  is  composed 
of  one  simple  ceU,  whose  membrane  is 
covered  by  a  siliceous  plate;  and  its 
cavitv  contains  chloitiphyll-granules, 
whicn  lie  upon  the  membrane  in  two 
circular  bands,  (xv.  26-2a)  Each  of 
these  bands  occupies  one  of  the  obtuse 
angles  of  the  cylinder^  and  appears  annu- 
lar from  above,  rectibnear  firom  the  side. 

''  In  developing,  the  relative  len^fth  of 
the  cylinder  increasing,  a  septum  divides 


it  into  halves  (xv. 


which  when 
complete^  the  latter  separate  as  two  di- 
stinct beings.  The  nascent  chlorophyll- 
granules  are  either  spread  equally  over 
Uie  surface,  or  more  frequently  arranged 
in  radii  from  the  nucleus  in  tne  cenfie ; 
they  lie  in  the  course  of  the  currents 
streaming  from  the  nucleus.  Compared 
with  a  cell  of  Conferva,  or  of  Spirogyra, 
all  three  agree  in  the  forming  of  a  septum, 


in  the  similarity  of  their  ccmtents,  and  in 
the  depositions  of  extra-cellular  sub- 
stance. But  Gallionella  differs  from 
both,  by  the  production  of  an  individual 
from  every  cell,  also  by  the  chlorophirll 
forming  two  lat^al  bands,  and  the  sui- 
ceous  extra-cellular  substance  an  inter- 
mediate one. 

''So  fiur  as  my  inveatigatioiis  go, 
Gallionella,  which,  according  to  Ehren- 
berg, possesses  a  biyalved  or  multivalved 
shield!,  agrees  with  the  above-deecribed 
plant  in  all  essential  particulars.  The 
lines,  for  instance,  which  would  intimate 
a  division  of  the  shell  into  two  or  more 

Sieces,  are  the  septa  by  which  the  cdl- 
ivision  is  effectc^L  As  in  the  fiHifima 
AlgSB^  these  walls  at  first  appear  as  deli- 
cate Imes ;  then,  by  an  increase  of  thick- 
ness, seem  two  clearly  defined  lines ;  and 
at  last  present  themselves  as  two  lamVllg, 
separated  by  an  intermediate  third  line. 
Tne  perforations  which  Ehrenbeirg  de- 
scribed, I  look  upon  as  nothing  more 
than  intercellular  spaces,  formed  be- 
tween the  two  new-&rmed  cells  and  &e 
parent  cell.  These  so-called  pefforatioos 
are  only  visible,  therefore,  on  the  two 
lateral  borders  where  the  wall  abuts 
upon  the  membrane.  The  Confervotd 
AlgBd  exhibit  a  similar  appearance.'' 

OaHioneUa  (?)  Not49  HoUandut  (^X 
Avon  River,  Australia ;  Q*  gMa  V^-U 
fossil,  Geoivia;  (?.  puntiaUi  (Ehr.l 
Western  Am;  Q,  tmcta  (Ehr.),  Ural 
Mountains;  Q^gemmaUiC^bi.\BSiheDh\ 
G.  ftit«oJ0to(Ehr.),  fossil,  North  Asia 
0»  untUAa  (Ehr.),  Himalaya  Mountains 
6?.  cunxtta  (Ehr.),  India;  O.  rmPMrfa 
(Ehr.),  India;  G.IfMiea(EhT.),Bmt 
Nile,  are  species  known  to  us  only  by 
name. 


Genus  ARTHRGGYRA  (Ehr.). — ^The  characters  of  this  genus  are  nnknowB 
to  OS ;  but,  judging  frrom  iSirenberg's  figures  of  the  species,  it  seems  to  have 
been  constituted  for  the  reception  of  those  fonns  of  Melosira  which,  like  Jf. 
Dickieii,  produce  horizontal,  elongated,  taperipg  internal  bodies  or  sporangia. 


Abthbootra  OtiatimalensiSf  EM.  pi. 
83.  6.  f.  1.  Fern-earth.  Guatemala.— 
Filament  straight^  jointed,  with  crenated 
margin,  and  straight,  fiuoform  internal 
body. 


A.  semOtmaris,  EM.  pi.  38.  a  £  2. 
Guatemala: — ^Filament  jointed,  curved, 
with  crenate  marginsi  and  semilunate 
internal  body. 


Genus  DI8C0SIRA  (Rab.).— Frustules  united  into  a  short  filamait,  with 
a  thick  mucous  covering ;  in  lateral  view  circular,  having  a  unifoimly  punc- 
tate centre,  a  border  of  numerous  (24  to  38)  slightly  curved,  obUque,  rar- 
like  lines,  and  a  marginal  crown  of  teeth  (50  to  64). 

DiscosiRA  sulcata  (Rab.).— Frustules  I  rows,  which  conespond  to  the  teeth  of 
m  front  view  with  deep  transrerse  fur-  |  the  lateral  surface.   KabD.p.  12,  t,  3.  In 
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a  kgoon  at  Manfredonia,  east  coast  of 
Italy.    Each  tooth  is  minutely  denticu- 


late,  but  requires  the  highest  mag 
ing  powers  to  ascertain  it.    (v.  68.j 


Genus  LIPAROGYRA  (Ehr.). — Frustules  simple,  cylindrical,  each  having 
an  internal  spiral  filiform  band  or  crest. 

The  habit  of  this  genus  closely  resembles  that  of  Spirogyra,  a  non-silicious 
genus  of  Algse. 


LiPABOOTRA  dendroteres  (R).  — 
Frustules  smooth,  crystalline,  three  or 
four  times  as  long  as  broad,  with  an 
internal  spiral  band;  maigin  of  disc 
denticulated  Rah  D.  p.  12.  =Z.  gpiraUs, 
EM.  pL  34.  6a.  f.  1,  8.  On  trunks  of 
trees.  Venezuela.  Thirteen  spirals  in 
l-36(r.    fv.  72.^ 

L.  circularU  uL). — ^Frustule  with  13 
annular  turns  of  internal  line  in  I-36(X'. 


Rab.  /.  c,  p.  13.  With  the  preceding,  and 
in  Brazil.  fSirenberg  says  he  is  not 
satisfied  whether  the  |Mreceding  are  di- 
stinct species,  or  merely  varieties.  Each 
has  a  smootn  disc,  with  three  central 
apiculi. 

L.  aeaktrisy  EM.  pL  34  5a.  f.  2.  South 
America.  Ehrenberg's  figure  represents 
the  firustule  in  front  view  as  divided  by 
cross  bars  in  a  ladder-like  manner. 


Genus  POROCYCLIA(Ehr.). — Resembles  liparogyra,  but  is  without  spires, 
has  interior  circular  rings,  and  the  margin  of  its  disc-like  ends  a  circlet  of 
deep  impressions.  We  doubt  whether  this  genus  is  sufficiently  distinct  from 
Liparogyra. 

PoBOCYCLiA  dendrophila  (K^.  —  I  radiating  series  of  puncta,  and  5  central 
FroBtules  smooth,  with  9  annular  lines ;  I  ^iculi.  Rab  D.  p.  12.  On  trunks  of 
disc   with    12    marginal    depressions,  I  trees.  Venezuela.  L.  1-32(X' ;  w.  1-560". 

Genus  STEPHANOSIRA  (E.).— Frustules  united  into  a  short  filament ; 
disk  with  radiating  series  of  minute  puncta,  and  a  marginal  crown  of  teeth. 
In  form  this  genus  resembles  Stephanodiscus,  but  differs  from  it,  and  becomes 
allied  to  Melosira  by  its  imperfect  spontaneous  division,  and  consequent  con- 
catenation. In  Melosira,  however,  the  circlet  of  spines  is  wanting.  We  are 
unacquainted  with  this  genus ;  and  its  characters  scarcely  sufSce  to  distinguish 
it  from  Orthosira.    All  the  known  species  are  found  on  trees. 

preceding  species.    Diameter  1-720". 

S.  Buroptea  (E.).  — Frustules  often 
broader  than  long,  snM>oth,  but  with  very 
fiuntly  striated  junction-margins.  Rab. 
/.  c  p.  14.  Among  mosses  on  trees  at 
Berlm.  Much  smaller  than  the  preced- 
ing. Chain  formed  of  three  to  four  frus- 
tules, each  1-2304"  to  1-1162"  in  depth ; 
rarely  1-1200^'  m  width. 


STBPHANOsmA  EpidendroH  (E.).  — 
Front  view  with  punctated  tnmsverse 
lines  and  furrow.  Rab  D.  p.  14.  On  trees. 
Venezuela  and  B^raziL  Larger  diameter 
1-432";  smaller  1-4320^. 

S.  Hamadryaa  ^).  — In  front  view 
smooth,  but  with  junction-margins  stri- 
ated; disc  having  marginal  radiating 
Snncta,  and  its  centre  a  few  scattered 
ots.   Kab.  l  c,  p.  14    On  trees  with  the 


Genus  STEPHANODISCUS  (E.).— Disc  with  radiating  series  of  puncti- 
form  granules,  and  frimished  with  a  crown  of  erect  mar^al  teoth.  Aquatic. 
Stephanodisci  approximate  in  character  to  Cyclotella,  but  differ  from  them 
by  the  cirelet  of  teeth.  They  also  approach  closely  to  the  non-cellulose 
Goscinodisceee,  and  seem  to  have  as  good  a  claim  to  rank  with  that  family  as 
with  the  MelosiresD.  Stephanodiscus  differs  frx>m  Odontodiscus  in  the  same 
manner  as  Peristephaoia  does  from  Systephania,  and  in  our  opinion  might, 
without  inconvenience,  be  united  to  it. 

Stbphanodiscus   Berolinensis    (EX    teoth  (often  32)  on  each  side.    KSA. 
Smidl.  discoid:  disc  nlano.  find v  radi-    p.  21.  Alive,  Berlin.  Diam.  1-1152'.  In- 
ternal granular  substance  brown,  lobed. 


—Small,  discoid;  disc  piano,  finely  radi- 
ated, and  funushed  with  acute  marginal 
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S.  JS^mjnfiacus,  EM.  pL  33.  1.  f.  16. 
Egypt.  Ehrenberg^s  figure  represents 
the*  disc  with  series  of  puncta  radiating 
from  the  centre,  without  a  distinct  um- 
bilicus, the  teeth  nimierous,  subulate, 
and  erect     (v.  69.) 

S.  Sinensis,  EM.  pi.  34  7.  f.  7.  Canton. 
Ehrenberg*8  iigure  shows  the  puncta 
arranged  as  in  S.  .^ypHacWj  but  the  rim 
striated,  and  the  teeth  nodide-like  and 
intra-marginaL 

S.  Bramapuira,  EM.  pi.  35  a.  fl  9, 10. 


Gan^pes.  Puncta  as  in  the  foregoing 
species,  the  rim  furnished  with  short 
triangidar  teeth. 

S.  NiagartB  (R). — Fmstules  small; 
disc  with  numerous  (often  64)  series  of 
punctiform  granules  radiating  from  a 
large  granulated  umbilicus,  and  as  many 
acute  marginal  teeth  as  rays.  ISm. 
pL  36  A.  7.  f.  21,  22.  Niagara.  This 
species  is  distinguished  by  its  granulated 
umbilicus. 


Genus  PERISTEPHANIA  (Ehr.).— Frustiiles  simple,  discoid;  disc  with 
decussating  parallel  series  of  granules,  and  numerous  marginal  teeth.  Mari- 
time. "  The  characters  of  this  genus  so  well  agree  with  Stephanodiseus  thai 
perhaps  we  might  more  correctly  refer  the  deep-sea  form  to  that  genus.  But 
as  the  hitherto  known  Stephanodisci  are  all  fluviatile,  and  the  maritime  fonn 
in  the  order  of  its  cellules  very  nearly  approaches  the  purely  maritime  Ctmd" 
nodiscus  lineatus,  I  have  preferred  not  mixing  fluviatile  Stephanodisci  with 
a  doubtful  maritime  form.  Perhaps  the  flow  in  deep  water  may  have  com- 
mingled a  fluviatile  form  with  the  maritime  ones.  Should,  therefore,  a  similar 
form  be  hereafter  found  in  any  river,  this  generic  name  must  be  cancelled,  and 
the  form  placed  in  Stephanodiscus  "  (EllBA.  1854,  p.  236).  As  we  consider 
habitat  altogether  inadmissible  as  a  generic  distinction,  we  would  distinguiah 
Btephanodiscus  and  Peristephania  by  the  radiating  granules  of  the  former, 
and  their  parallel  arrangement  in  the  latter  genus.  We  should  prefer  to 
unite  this  genus  wiih  Systephania,  which  differs  only  in  having  intra- mar- 
ginal teeth.  Perhaps  even  Cosdnodiscus  Vineattis  might  be  included,  thus 
making  the  parallel  arrangement  of  the  granules  the  essential  charaeter. 


Pemstkphania  Eutt/cha  (E.).  -— 
Habit  of  Coscitwdiscus  hneatus',  margin 
of  the  disc  armed  with  numerous  erect, 
crowded  teeth.  EM.  pL  36  B.  4.  f.  14. 
Deep  soundings  of  the  Atlantic  (v.  73^ 

P.     lineata     (E.).  —  Resembles     P, 


Eiiiychay  but  its  teeth  are  fewer  and  more 
distant.  EM.  pL  33. 13.  f.  22.  Cahibmitfi 
deposit  and  guano. 

In  both  species  the  teeth  are  minute 
and  triangular. 


Genus  PYXIDICULA  (Ehr.).  —  Fmstules  simple  or  binately  oonj<Hnod, 
free  or  adnato,  bivalved;  central* portion  obsolete;  valves  very  convex.  In 
Pyxidicula  the  frustule  forms  a  bivalved  box,  and  differs  fitnn  C^dotdla  in  its 
vaulted  valves  and  the  absence  of  an  interstitial  portion.  The  same  charact^s 
distinguish  it  from  all  the  Coscinodisce©.  As  first  constituted  by  Ehrenberg, 
Pyxiicula  contained  very  heterogeneous  forms ;  by  the  formation,  however, 
of  Mastogonia,  Stophanogonia,  gtephanopyxis,  and  Xanthiopyxis  as  distinct 
genera,  this  defect  has  been  in  a  great  measure  removed ;  but  we  believe  it 
still  includes  some  doubtful  species.  Dictyopyxis  was  separated  bj  Ehrrai- 
berg,  first  as  a  subgenus  and  afterwards  as  a  genus,  for  those  forms  character- 
ized by  the  cellidose  structure  of  the  valves,  leaving  in  the  original  genus  the 
sinooth  and  punctated  species.  We  have  thought  it  more  desirable  to  repaid 
Dictyopyxis  as  a  subgenus  only,  xmtil  some  of  the  species  are  more  fully 
known. 


♦  FrushUes  smooth  or  minutely  punctate. 
Pyxidicula. 

Pyxidicula  operculnta  (E.).  —  Fms- 
tules small,  orbicular,  hyaline,  punctated. 


EM.  pL  16. 1.  f.  46.  =  P.  mifwr,  ESA. 
p.  21.  Fossil,  Sweden ;  recent,  Ajsia.  Eng- 
land P  l)iam.  1-1440"  to  l-67(y'.  Valvea 
joined  by  a  distinct  suture.  Kiitsinfr 
refers  P,  operndata  (E.)  to  Cyclotella. 
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p.  Adriatiea  (Kiitz.). — ^Adnate,  sessile, 
of  middle  size;  valves  convex,  nearly 
hemispherical,  very  smooth.  KB.  t  21. 
f.  a  Adriatic,  (xui.  33.)  Diam.  1-600". 

P.  ?  prceUxta  (E.). — Valves  geminate, 
sliebtly  hispid,  neither  cellulose  nor 
radiated,  but  bordered  by  a  raised  limb ; 
middle  Hat  KSA.  p.  22.  Fossil.  Greece. 
Diam.  1-1152". 

P.  f*  urceoktris  (E.). — Valves  geminate, 
unequal,  urceolate  (the  one  more  convex, 
elongated;  the  other  shorter),  each  with 
a  plane,  raised  limb ;  cellules  none,  but 
about  ten  smooth  rays  in  the  longer,  and 
eight  apiculate  ones  in  the  shorter  valve. 
=  Dictyopyxis  ureeolaris,  EM.  pi.  18.  f.  3. 
Fo6siL    Virginia.     Diam.  1-1/28". 

P.  loHffa  (R).  —  Oblong,  two  and  a 
half  times  as  long  as  broad,  cylindrical, 
with  rounded  en(£ ;  suture  longitudinal. 
KSA.  p.  22.  Fossil.  Virginia.  L.  1-1080". 

2*  Fnulules  cellulose.    Dictyopyxis  (^.). 

P.  cruciata  (E.).  —  Frustules  oblong, 
with  rounded  ends;  cellules  lar^,  ar- 
ranged in  parallel  lines;  rim  distinct 
EM.  pL  18.  f.  2,  =  Coscinodiscus  cruciatm, 
KSA  jp.  125. 

fi,  JEieUenicay  smaller  =  Dictyopyxis  ffel- 
Imica,  EM.  pL  19. 1 13.  FossiL  America. 
Guano,  &c.  Frequently  the  disk  has 
some  series  of  its  cellules  more  conspi- 
cuous and  forming  a  cross.  Valves  cam- 
pan  ulate. 

P.  CyHndrus  (E.).  —  Cylindrical,  with 
rounded  ends,  three  times  as  long  as 
broad  ;  valves  with  obscure  rows  of  cel- 
lale».  EM.  pi.  33. 13.  f.  8.  Fossil.  Mary- 
land. Diam.  1-OGO".  Valves  campauu- 
late,  separated  by  a  suture. 

P.  Zens  (E.).— Frustules  laterally  de- 
pressed, lenticular,  cellulose;  valves  in 
m>nt  view  semielliptic  EM.  pi.  18.  f.  5. 
Fossil.  Virgmia.  Diam.  1-030".  The 
firuatule  is  oval  in  the  front  view,  the 
suture  forming  the  greatest  diameter. 

P.  areolaUi  (E.).  —  Valves  with  a 
heptagonal,  areolate,  punctated  centre, 
and  seven  lateral  punctated  areolae. 
KSA.  p.  22.  North  America.  D.  1-900". 

P.  gcmmifera  (E.).  —  Valves  turgid, 
crystfldline,  not  bordered,  furnished  with 
lax  senes  of  crystalline  nodules,  fifteen 
of  which  very  nearly  reach  the  smooth 
centre.  KSA.  p.  22.  Fossil.  Maryland. 
Diam.  1-792". 

P.  campressa  (Bail.). — Frustules'ellip- 
tic,  bivalve ;  valves  separated  by  a  piano 
passing  through  the  longer  axis,  slightly 
convex,  and  with  transverse  rows  of  dots. 
BC.  ii.  p.  40,  f.  13,  14.     Florida. 

P.  dcnUUa  (E.). — ^Frustules  having  the 


convex  margin  furnished  with  (irregular) 
slightly  prominent  little  teeth ;  cellules 
,  rather  ^rge,  0  in  1-1200".    KSA  p.  22. 
t  Antarctic  Ocean.    Diam.  1-840". 
1      P.  P  limhata  (E.).  — Frustules  oblonp, 
with  a  central  Keel ;  valves  showing  m 
;  front  a  central  cellular  surface,  and  32 
!  to  40  radiating  lines;  border  not  cel- 
.  lulose.  as  Stephanopyxis    UnibatOj    EM. 
pi.  18.  f  7.  FossiL  Maryland.  D.  1-792". 
Ehrenberg's  figure  is  oval,  and  has  a 
broad^  distantly  striated,  but  not  cellu- 
lose nm,  and  in  its  centre  scattered  gra- 
nules. 

P.  cristata  (E.). — Frustules  with  gemi- 
nate, lenticular  valves,  which  are  close 
together,  not  winged^  with  a  somewhat 
prominent  margin  like  a  thin  suture; 
cellules  of  disc  in  roYr^,:=  Stephanopyxis 
cristata,  EM.  pi.  18.  f.  0.  Fossa  Vir- 
ginia. Diam.  1-810".  Ehrenberg's  figure 
somewhat  resembles  that  of  P.  limbata; 
but  the  cellules  of  the  oval  valve  are 
crowded,  and  the  striated  rim  is  nar- 
rower. 

Obscure  or  doubtful  Sjpecies, 

P.  NdgeUi  (Kiitz.).— Smooth,  one  side 
orbicular,  girt  with  a  membranous  wing- 
like ring ;  the  other  side  oval,  one  mar- 
S'n  more  convex,  umbonate  in  the  mid- 
e.    KSA.  p.  889.    Switzerland. 

P.  Actinocyclus  (E.). — Frustules  with 
two  flattened,  finely  cellular  and  ele- 
gantly radiated  valves;  rays  30  to  40, 
straight  and  dense.  EM.  pi.  18.  f.  19. 
=  CydoteUa  Actinocyclus^  KSA.  p.  20. 
Fossil.  America.  Diam.  1-720".  Enren- 
berp  figures  only  the  lateral  view,  which 
in  its  radiating  series  of  dots  resembles  a 
Coscinodiscus. 

P.  Scarabaus  (E.).  —  Oblong,  with 
unequal  valves ;  when  viewed  laterally^ 
recalling  the  figure  of  the  Scarabasus. 
=  Dictyopyxis  8carab€Bus,  R  Fossil. 
Virginia.  Diam.  1-648".  Cellules  14  in 
1-1150". 

P.  major  (Kiitz.).  —  Frustules  large, 
elliptic,  regularly  punctated.  KB.  1. 1. 
f.  25.  North  America ;  France.  Diam. 
1-420".    Probably  a  state  of  P.  cruciata. 

P.  glohata,  —  We  insert  under  this 
name  certain  spherical  bodies  of  a  dia- 
meter vorving  from  1-240"  to  1-1150", 
discovered  in  1836  by  Ehrenberg  in 
flints  near  Berlin,  and  considered  by  him 
to  belong  to  the  silicious  Diatomacece. 
Kiitzing  has  examined  these  bodies, 
which  occur  along  with  silicious  spiciila 
of  sponges  and  species  of  Xanthidium 
and  Pcridinium,  out  does  not  consider 
them  Pyxidiculeo.    The  section  of  pebble 
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contaiiiing  these  specimens,  from  which 
Mr.  Bauer  8  drawinp^  (xvu,  600-609) 
were  made,  was  mma  on  Brifi^hton 
beach.  The  figures  are  magnified  100 
diameters. 

P.  prtsca,  EM.  pi.  87.  7.  1 6.     This 
species  is  found  in  nints,  and  is  probably 


the  same  as  the  preceding. 

P.Pi/^<w,EM.  pl.33. 13.  tia  Fossil 
Califomia.  The  figure  shows  a  huge 
orbicular  disc,  wiu  distant  scattered 
dots,  and  no  suture. 

P.  decuuata  (£.). — ^Found  in  the  chalk 
marl  of  .^Igina. 


Genus  STEPHANOPYXIS  (Ehr.).— Frustules  simple  or  united  into  diort 
filaments,  in  firont  view  orbicular  or  oblong,  composed  of  two  celltilose  valves, 
each  having  a  crown  of  teeth,  spines,  or  membrane ;  central  portion  obsolete ; 
lateral  view  circular.  '^  This  group  includes  those  Pyxidiculse  which  have 
turgid  forms  with  a  ceUular  surface,  bearing  in  the  middle  of  the  valves  a 
crown  of  small  teeth,  prickles,  or  a  membrane  "  (Bailey).  The  fossil  species 
appear  simple ;  but  as  recent  specimens  forming  short  filaments  have  been 
obtained  by  the  Eev.  R.  Cresswell  and  Mr.  Norman,  probably  the  others  also 
were  originally  so  formed,  but,  as  the  crowns  prevent  the  close  union  of  the 
frustules,  they  become  more  easily  disconnected.  The  valves  agree  in  their 
turgid  form,  rounded  ends,  and  ceUulose  structures  with  Pyxidicula  ;  but  their 
coronets  will  easily  distinguish  them. 


Stephanopyxis  Diadema  (E.).  — 
Valves  hemispherical,  with  parallel, 
straight  rows  of  cellules ;  centre  of  disc 
depressed,  with  a  circlet  of  numerous 
teeth  (20  to  m).^Pyxidictda  Diadema, 
KSA.  p.  21.  Fossil.  Virginia;  guano. 
DiauL  1-676".  We  have  seen  two  frus- 
tules connected. 

S.  T\arri8. — ^Frustules  cylindrical,  cel- 
lulose, ends  depressed  at  the  centre  and 
furnished  with  a  crown  of  spines  or  pro- 
cesses, which  are  truncate  or  clavate  at 
their  apices  ,*  areolae  hexagonal,  7  in 
•001".  =  Oressweaia  Turrisy  Grev.  in  GDC. 
p.  64,  pL  6.  f.  109.  In  stomach  of  Ascidia. 
Teignmouth,  HuU,  &c.  Fossil  in  guano. 
We  r^ret  being  imable  to  accept  the 
genus  Cresswellia,  as  we  believe  ul  the 
species  of  Stephanopyxis,  when  recent, 
have  the  frustules  connected  by  their 
coronets :  8,  Diadenuty  a  species  closely 
allied  to  the  present,  we  have  found  so 
united  in  specmiens  from  guano.  This 
character  has  probably  escaped  detection 
only  because  in  all  filamentous  forms  the 
fossil  frustules  are  usually  separated. 
The  coronets  of  mmierous  non-attenuated 
spines  distinguish  this  species,    (v.  74.) 

S.  apieidata  (E.).  —  Frustules  oblong 
or  suDcylindrical,  end  broadly  roimded ; 
cellules  not  crowded,  arranged  in  longi- 
tudinal rows ;  centre  of  disc  with  a  few 


elongated  spines,  EM.  pL  19.  13.  £  6. 
America,  Europe,  guano,  &c 

S.  appendicuuxta  (R).  —  Fmstnles  in 
front  view  subglobose^  coarsely  and 
closely  cellulose ;  segments  with  rounded 
ends,  each  with  an  excentric,  short^oro- 
like  process.  EM^L  la  £  4.  FoanL 
\^iginia.  Diam.  1-624".  Processes  trun- 
cate, not  central;  cellules  forming  a 
crenated  mamn. 

8.  turaida  (Grev.). — ^Pront  view  cylin- 
drical-oblong ;  juncuon-margins  subtnm- 
cate,  with  rounded  angles  and  a  crown 
of  elongated  ^ines  with  dilated  apices; 
areol»  11  in  KlOl.  =  OrewwdUa  tmw^ 
Grev  M J.  vii.  p.  166,  pi.  8.  £  14  CaK- 
fomian  guano.  This  species  is  nearly 
related  to  &  2Wm,  but  diffisrs  m  m 
larger^  more  truly  cylindrical  and  tnm- 
cate  mistides,  and  m  the  condderaUy 
smaller  areolation,  Grev. 

S.  ferox  (Grev.). — ^Front  view  oblong ; 
valves  subglobose,  campanulate,  hiqad, 
with  a  crown  of  dongated  spines  and  a 
thin,  hyaline,  prominent  suture;  areolie 
large,  5  m  OOl".  =  OresswMa?  faror^ 
Grev  M  J.  viL  p.  166jpL  8. 1 15,  id  Ca- 
lifomian  guano.  The  valves  are  ex- 
panded at  their  junction  so  as  to  fcsrm 
a  sutural  keel,  as  in  some  species  of 
Pyxidicula.     (v.  76.) 


Genus  XANTHIOPTXIS  (Ehr.).— Valves  turgid,  continuous,  entire,  non- 
cellulose,  hispid,  setose,  or  winged. = Pyxidicula  olim.  Fossil.  "  These  forms 
are  Pyxidicula  with  bristles,  setfiB,  or  wings.  They  have  the  habit  of  Xan- 
thidiiun  and  Chsetotyphla,  but  are  bivalve^  and  silidous."  The  true  affinity 
of  this  genus  is  doubtful :  we  have  seen  no  species  which  is  circular  in  the 
lateral  view,  and  consequently  consider  them  misplaced  in  the  Melosiresp ; 
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but,  firom  our  insafflcient  acqnamtance  'with  them>  we  are  unable  to  decide  on 
their  proper  position,  and  have  not  attempted  their  removal.  Are  they  ftlHn 
to  Goniotiiecimn  ? 


Xakthiofyxis  ^loboea  (R).  —  Frus- 
tules  sub^oboee,  hispid,  with  short  setie. 
^FyxidtculagMma,  KSA.  p.  23.  FoesiL 
Bennuda.    Diam.  1-662". 

X.  oblonaa  (E.).  —  Frustules  oblonff, 
equally  and  broadly  rounded  at  each  end, 
densely  hispid,  with  short  setee,  which 
are  sometimes  joined  by  a  membrane. 
EM.  pL  83. 17.  1 17.  =  Pyxidicnla(K.). 
Fossil.  Virginia.  L.  1-662".    (v.  76.) 

X.  eonstricta  (E.). — ^Frustules  oblong, 
constricted  at  the  middle,  and  broadly 
roimded  at  each  end,  hispid,  with  short 
8et»,  which  are  ohm  jomed  by  mem- 
brane. =iVj?»tiu;t«Ai  comtrictayKSA.  p.  23. 
Fossil  Bermuda.  L.  1-384".  I^rs 
^m  X  chkmga  by  its  constriction. 

X.  hirmita  (£.). — Frustules  bi\ralyed, 
subglobose,  not  cellulose,  rough  with 
simple  and  obsoletely  forked  hairs,  s 

2;rk«<;MfaPAtr«Mto,ERBA,1846.    Fos- 
Maiyland.    Diam.  1-116".     Habit 


of  Xanihidium,  but  silidous. 

X.  urceoiaris  (E.),  — Valve  urceolate, 
with  the  summit  bristly ;  margin  revo- 
lute.  EM.  pL  33. 16. 1 14  Fossil  Vir- 
ginia. Diam.  1-1660".  "  I  [Ehrenberg J 
haye  only  met  with  single  valves,  in 
form  they  resemble  Stepnanogonia,  but 
are  not  angular.*' 

X.  akda  (E.). — Frustules  smooth,  ob- 
long, each  end  equally  and  broadly 
rounded  -,  marKin  of  the  valves  bordered 
by  a  lacerated  or  deeply  dentate,  not 
setose  membrane.  =  Pyxidicula  alatttf 
KSA.  p.  23.  Fossil.  Bermuda.  D.  1-662"- 

DoMfid  Diatom. 
X.  actUeata  (E,)^Pyx%d%ctda  acfdetUa, 
The  figure  in  Microg.  pL  18.  f.  124  shows 
a  globular  spinous  body,  resembling 
some  sporangia  of  the  Desmidieas.  Eh- 
renberg  himself  regards  this  as  a  very 
doubtful  Diatom. 


Genus  INSILELLA  (Ehr.). — ^Frustulea  simple,  equally  bivalved,  cylindrical 
(fusiform),  with  a  turgid  ring  interposed  in  the  middle  between  the  valves. 
Marine.     Besembles  a  cylindrical  Biddulphia. 


bfSiLELLA  Africana  (E.). — Frustules 
fusiform,  smooth,  four  times  constricted ; 
the  middle  joint  largest,  subglobose ;  the 


others  decreasing  at  each  end,  oblong; 
each  apex  acuminated.  KSA.  p.  32. 
Mouth  of  the  river  Zambese,  Africa. 


FAMILY  Vin.— COSCINODISCEiE. 

Frustules  disciform^  mostly  simple ;  lateral  valves  or  discs  fiat  or  convex, 
cellulose,  areolate  or  granulate,  without  processes,  but  sometimes  furnished 
with  spines  or  teeth ;  connecting  zone  ring-like  and  generally  smooth.  The 
Cosdnodiscesd  are  closely  allied  to  the  MelosiresB, — a  fact  noticed  by  Kutzing 
himself,  although  in  his  arrangement  the  families  are  widely  separated.  The 
distinction  between  them  is  by  no  means  satisfactory ;  according  to  Kiitzing, 
it  consists  in  the  cellulose  or  areolated  structure  of  the  Cosdnodisceee.  But 
whilst  on  the  one  hand  we  find  in  the  Melosireas  some  species  of  Pyxidicula 
and  Stephanopyxis  with  oelluloee  valves,  on  the  other  hand,  in  this  family 
some  species  are  merely  granulate  or  punctate.  Practically,  however,  the 
proper  situation  of  the  species  can  generally  be  determined  without  much 
difficulty.  In  the  €k>scinodisce8e  the  frustules  never  form  filaments,  the  con- 
necting zone  is  always  present,  narrow  and  ring-like,  and  the  lateral  valves 
are  never  so  convex  as  to  be  hemispherical  or  campanulate ;  so  that  the  disk 
is  almost  always  in  the  field,  it  being  difficult  to  obtain  a  good  front  view. 
Most  of  the  forms  included  in  this  family  are  marine,  and  many  are  remark- 
able for  their  exceeding  beauty. 

Genus  COSCINODISCUS  (Ehr.).— Frustules  simple,  discoid;  disc  ccUular 
or  dotted,  without  processes,  defined  border,  internal  septa,  or  division  into 
radiating  compartments.     "  The  only  essential  character  that  distinguishes 
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2  *  Disc  with  a  cetUral  hyaline  unifnUtmy 
which  ofleti  rescffibles  a  perforation, 
(The  species  are  cofnmonly  smaller  than 
those  of  ^preceding  section,) 

C.  aetinoehilus  (R). — Granules  in  doee 
linesy  radiating  from  the  distinct  punc- 
tated umbilicus,  separated  from  the  mar- 
gin bj  a  border  of  puncta  arranged  in 
close,  short,  radiating  lines.  £M. 
pi.  35  A.  21.  I  6.  Antarctic  Sea.  The 
radiating  series  of  granules  are  close, 
bat  distmct. 

C.  Luna  (E,).  —  Ghranules  e^ual,  ar- 
Eanged  in  distinct  series,  radiatmg  from 
the  smooth  umbilicus,  and  sej>arated  from 
the  margin  by  a  border  of  mmute  puncta. 
£M.  pL  35  A.  21.  f.  7.  Antarctic  Sea. 
Somewhat  resembles  C  aetinoehilus^  but 
has  fewer  rays,  the  marginal  puncta  are 
more  obscure,  and  the  umbilicus  is 
smooth. 

C.  yemtnifer  (E.),  —  Disk  with  con- 
spicuous granules,  arranged  in  lax  and 
eleffantly  radiating  lines  from  a  smooth 
mnoilicus;  border  minutely  punctated. 
EM.  pL  36  A.  22.  I  3.  Antarctic  Sea. 
Bermuda  deposit.  The  rays  are  fewer 
and  more  distant  than  in  the  two  pre- 
ceding species ;  but  all  agree  in  havuu^ 
well-mafted  granules,  distinct  rays,  ana 
minute  submarginal  puncta.  Diam. 
1-466".  Very  like  PyxMictda  aemmifera, 
but  larger  and  more  depressed. 

C.  apieulatus  (E,),  —  Cellules  rather 
prominent,  apicmate,  rendering  the  siu> 
mce  rougn,  subequal,  radiating,  10  in 
1-1200";  umbilicus  smooth.  EM.  pi.  18. 
f.  43.  America.  Diam.  1-324".  Has 
a  creneral  resemblance  to  Pyxidicula 
ger^fera, 

CL  perforatus  (E.). — Cellules  minute, 
trranged  in  close,  radiating  series ;  um- 
bilicus smooth,  resembling  a  perforation ; 
margin  finely  rayed.  EM.  pi.  18.  £  46. 
America.  IJiam.  1-348".  tHfTers  from 
Cfimbriatus  by  its  imibilicus. 

C.  disdger  (E.).— Differs  from  Cper- 
foraius  by  its  irregularly  circular,  not 
smooth^  and  larger  lunbihcus,  and  by  its 
yeiy  nunute  and  dense  nuncdform  cel- 
lules. KSA.  p.  123.  Virginia.  DiauL 
1-480".    Cellules  about  80  in  1-1200". 

C.  ApoUinis  (E.). — Disc  with  nume- 
rous series  of  very  dense,  equal,  pimcti- 
form  granules,  radiating  from  a  small 
umbilicus.  EM.  |^.  36  a.  22.  f.  4.  Ant- 
arctic Sea.  It  diners  from  C,  Luna  by 
the  greater  number  and  denseness  of  its 
raysy  which^  however,  although  nume- 
rous, are  distinct  Diam.  1-432".  17 
granules  in  1-1200". 


C.  cinguUttm  (E.).  —  Disc  with  very 
dense,  punctiform  granules,  indistinctly 
radiating  from  a  small  clear  umbilicus ; 
margin  with  an  annular  band  capable  of 
bein^  detached.  EM.  pi.  36  a.  21.  t  6. 
FossiL  America,  Antarctic  Sea.  2N3  gra- 
nules in  1-1200".  Diam.  1-562".  Resem- 
bles C,  ApoUinis^  but  its  granules  are 
denser  and  less  distinctly  radiating. 

S*  No  umbilical  vacancy:  disc  with  a 
striated  border  distinct  from  the  rim, 

CJimbriatus  (E.).  —  Cellules  small, 
8ube(]^ual,  obsoletely  radiating,  near  the 
margin  smaller  and  arran^d  in  radi- 
ating lines  resembling  stnae.  E.  /.  c, 
pi.  22.  f.  2.    Fossil.     Sicily. 

C.maryin(Uus(E,), — Cellules  in  curved 
lines;  marginal  ones  smaller  and  ar- 
ranged in  radiating  lines  resembling 
stricD.  KLc.  pi.  18.  f.  44.  Recent  and 
fossiL  America,  Cuxhaven.  Cellules  9 
or  10  in  1-1200". 

C.  Umbattts  (E.),  —  Central  cellules 
largest,  not  radiating,  outer  ones  small- 
est, crowded,  arranged  in  radiating  lines 
resembling  striae.  E.  /.  c,  pi.  20. 1.  f,  29. 
Fossil,  Greece.  Diam.  1-676".  The 
kivest  7  in  1-1200". 

C.  striatus  (K.). — Cellules  irregularly 
crowded  in  the  middle ;  margin  of  diBC 
with  radiating  stri».  KB.  t.  1.  f.  8. 
Cuxhaven.    iJiam.  1-466". 

4*  Disc  with  radiating  series  of  cellules : 
no  distinct  undnUcus,  nor  stritded  border 
distinct  from  the  rim, 

C.  gigm  (E.). — ^Disc  veiy  large ;  cel- 
lules liu*ge,  hexa^nal,  radiating,  largest 
at  the  margin,  decreasing  towards  tibe 
centre.  EM.  pi.  18.  t  &L  Virguiia ; 
Maryland ;  alive,  Cuxhaven.  The  largest 
species  of  the  genus,  and  well  character- 
ized by  its  lar^  hexagonal  cellules  gra- 
dually decreasmg  in  size  from  the  margin 
to  the  centre.    Kim  striated. 

C.  excavatus  (Grev.  MS.). — ^Disk  laige, 
with  hexa«;onal  cellules  decreasing  in 
size  towards  the  centre,  which  has  three 
conspicuous  depressions  alternating  with 
the  same  number  of  elevations.  Fisca- 
taway  de{>06it.  The  disc  in  this  species 
is,  fifom  its  larffe  size,  visible  to  the 
naked  eye,  and,  uke  C,  gigasy  it  appears 
ring-like^  the  smaller  central  ceUs  being 
then  invisible.  There  is  no  distinct  um- 
bilicus ;  but  the  central  portion,  including 
the  elevations  and  depressions,  is  thinner 
and  is  rarely  foimd  perfect.  The  cellules 
of  the  depressions  appear  smaller  and 
more  radiant  than  the  others,  (vm.  26.) 
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Within  the  live  forms  some- 
I  numerous  yellow  vesicles  are  seen, 
as  in  GallionellA.  Diameter  of  fossil 
1-1150"  to  1-480";  Uving,  1-1150"  to 
1-860". 

C.  eeeenincua  (R).  —  Cellules  small, 
disposed  in  excentric  curved  lines.  KB, 
pi.  1.  £  9.  Common,  both  recent  and 
foesiL    D.  1-860  to  1-430'. 

3t  Cellules  in  no  determinate  arrange- 
ment 

C.  comuwus  (E.). — Each  valve  verv 
concave,  the  two  opposite  conjoined., 
forming  an  entire,  very  convex  body; 
cellules  coarse,  equal,  not  radiating. 
EM.  pL  18.  f.  88;  GDC.  pi.  2.  f.  47. 
Virginia.  Cellules  4  in  1-1200".  An 
African  variety  has  twice  as  many,  s 
Melosira  eribroea,  Sm  ANH.  xix.  p.  11, 
pL2.£:i5. 

C.  heteroporus  (E.).  —  Cellules  hex- 
agonal, smaller  at  the  margin  and  centre, 
intermediate  ones  largest,  unequal.  KA. 
p.  123.  Bermuda  deposit  D.  1-360". 
This  species  may  be  recognized  by  the 
smaller  marginal  and  central  cellules  and 
the  very  unequal  intermediate  ones. 

C.  rmmdut  (Eiitz.).  —  Disc  nearly 
smooUi,  margin  with  punctated  rays. 
D.  1-1416".  KB.  1 1.  f.  14    Cuxhaven. 

C.  minor  (E.). — Margin  smooth ;  disc 
irregularly  and  densely  celluloso-punc- 
tate.  Fossil,  Sidljr  and  Virffinia ;  alive, 
Europe  and  America.  E.  I  c  Not  C. 
mmor  of  SBD. 

C.  Jiavicans  (R  J.  —  Disc  small,  with 
very  fine  non-radiating  cellules,  yellow 
by  transmitted,  but  white  by  reflected 
lilfht  KSA.  p.  122.  Peru  and  St  Do- 
mmgo. 

C.  labt/rmihui  (Koper). — ^Disc  divided 

Genus  ENDICTTA  (Ehr.). — ^Frustules  disciform,  simple  or  forming  short 
filaments,  closely  cellulose,  in  front  view  with  a  middle  furrow,  having  on 
each  aide  crowded  parallel  series  of  cellules.  Kiitring  places  its  only  species  in 
Coseinodiscus ;  but  we  think  that  it  is  much  more  nearly  allied  to  Orthosira. 

times  the  cellules  of  the  disc  are  almost 


by  dotted  lines  into  large,  irregular,  hex- 
agonal, minutely  dotted  spaces ;  puncta 
16  in  -001".  Ro  MJ.  vi.  p.  21,  pi.  3.  t  2. 
Pembrokeshire.  This  species  has  some- 
what the  aspect,  under  a  low  power,  of 
a  finely  marked  specimen  of  C,  eccen^ 
tricus,  but  difiers  in  the  absence  of  a 
spinous  margin,  and  in  the  large  and 
irregularly  shaped  hexagonal  spaces 
without  any  deany  defined  margin  (Ko.). 

Doubtful  or  imperfecUy  known  Species, 
C.  ciiMitua  (K.).  —  Rim  with  inter- 
rupted radiating  strisB;  cellules  of  disc 
crowded  in  the  centre,  the  others  scat- 
tered,  remote.    KSA.  p.  122.    C.  Patma, 

B.  Amer.  Jour,  of  Science  and  Arts, 
1842.  pL  2.  £  13.  Alive,  Cuxhaven; 
fossil,  Virginia.  Diam.  1-324".  Ehren- 
berg  refers  the  Virginian  specimens  to 

C,  minor, 

C.  omU»  (Bo.). — ^Valves  oval,  brown- 
ish in  balsun,  with  finely-dotted  radi- 
ating lines  and  no  distinct  umbilicus. 
Ro  MJ.  vi.  p.  22,  pL  3.  f.  4  Pembroke- 
shire. Martings  very  delicate  and  in- 
conspicuous,    (v.  78.) 

C.  punctuUUus  (Greg.). — ^Disc  marked 
with  very  fine  and  oliscure  lines,  the 
whole  sumce  sparsely  punctate.  Lam- 
lash  Ba}r.    GD.  p.28,pL2.f.46. 

C.  nUidus  (Greg.). — Disc  marked  with 
distant  and  irregularly  radiant  granules, 
lar^  towards  the  centre ;  margin  striate, 
stnsD  about  16  in  -001".  Lamlash  Bay. 
Greg.  /.  c,  p.  27,  pL  2.  f.  45.   (vm.  18.) 

C.  cermnuB  (BrL).  —  Disc  minutely 
punctate,  puncta  scattered ;  centre  con- 
vex. Diam.  -0054"  to  •0086".=JJyafo. 
^Uscus  cervinuBy  Bri  JMS.  viii.  p.  95,  pi.  5. 
£  9.    Arctic  regions. 


Enbictya  oceanica  (E.).  —  Disc  with 
close  cellules  and  a  dentate  rim.  (v.  70.) 
EM.  pL  35  A.  18.  f.  6,  l.^Orthosira  oce- 
miiea,  Bri  JMS.  viii.  p.  96,  pL  6.  1 16. 
Common  in  Peruvian  guano.     Some- 


concentric  in  their  arrangement,  7  in 
1-1152".  Diam.  1-528".  This  form  is 
probably  identical  with  Coseinodiscus 
concavus  and  Melosira  cribrosa. 


Gfenus  CRASPEDODISCTJS  (Ehr.).  —  Frustulee  simple,  disciform;  disc 
cellulose,  without  striaB  or  septa,  but  having  a  broad,  well-defined,  tumid 
border  of  a  different  structure  from  the  centre.  Craspedodiscus  has  the  habit 
of  Coseinodiscus,  with  which  Kiitzing  united  it.  It  differs  from  Coseinodiscus 
limbatus,  and  similar  forms,  by  its  margin,  which  does  not  form  a  mere  rim, 
but  a  broad  border  of  a  different  structure,  separated  from  the  centre  by  a 
distinct  farrow  or  well-defined  line. 
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Cellules  12  in  1-1162".  Diam.  1-348 '. 
The  spinee  aie  far  more  numerous  and  the 
cellules  lees  distinct  than  in  S,  aculeatcL 

S.  Diadema  (E.). — ^Disc  densely  cellu- 
lose; spines  niunerons,  maiginal,  in- 
curved^ conjoined  at  their  extremities 


by  a  membrane.    EM. 


pL33. 

Bermuda.  Cellules  14  in  1-1152". 


18. 1 11. 
Diam. 

1-864".  Much  smaller  than  the  two 
preceding  species.  AU  have  a  Tariable 
number  of  teeth. 


Genus  SYMBOLOPHOBA  (Ehr.).  —  Prostules  orbicular,  not  concatenate ; 
disc  with  striae  or  dotted  lines,  radiating  from  a  solid  angular  centre.  Sym- 
bolophoia  differs  from  Actinocjcliis  in  having  an  angular  or  stellate  hyaline 
centre. 

Ehrenberg  has  placed  in  this  genus  forms  which  agree  only  in  their  hyaline 
angular  umbilicus;  and  the  species  with  radiating  series  of  dots  scarcely 
differ  frx>m  Coscinodiscus. 


Stmbolophoha  IHmtatis  (E.). — ^Disc 
hsTing  a  triaugular  crystalline  umbilicus 
with  a  crenated  margin,  from  which 
radiate  six  fitscicles  of  very  fine  lines 
diTOTging  towards  the  margin.  EB. 
1844,  p.  88.  (XL  36.)  Fossil.  Maryland. 
We  believe  no  one  except  Ehrenberg 
has  observed  this  species,  for  which  the 
genus  was  constituted ;  and  it  has  been 
suggested  that  his  figure  may  represent 
what  he  erroneously  supposed  to  be  the 
original  form  (as  shown  oy  a  fra^ent) 
of  jyiceratium  Marylandica ;  but  in  this 
opinion  we  cannot  concur,  because  in 
sevOTal  instances  where  Ehrenberg  has 
founded  species  on  mere  fragments  he 
has  figurea  the  fragments  as  he  observed 


them,  without  attempting  a  restoration 
of  their  supposed  entire  figure. 

S.  acutanguia  (E.).  —  Kesembles  the 
precediQff  in  size  and  habit,  but  has  the 
angles  of  its  umbilicus  acute.  EB.  1846> 
p.  81.     FossiL    Virvdnia. 

S.  P  Mtcrotrias  (fe).  —  Disc  turgid, 
with  a  stellate  umbiucus,  from  which 
radiate  series  of  puncta.  Antarctic  Ocean. 
Umbilicus  triraoiate  s  8»  Microtriaa,  E. 
/.  c.  184^  p.  205;  EM. pL  36  a.  21.  t  16. 
Umbilicus  cruciate  or  fouivrayed  s  S, 
Tetrciif  "KLe,  Umbilicus  five-rayed  as /& 
PenUuy  EM.  pL  85  a.  22.  £  19.  Umbilicus 
m'TB.jedssS.Hex(UfE.Lc,  This  species 
differs  from  a  Coscinodiscus  only  m  the 
presence  of  the  stellate  umbilicus. 


Genus  BDETER08TEPHANIA  (Ehr.).— Characters  unknown  to  us. 


Hktbbostbphania  Botkii,  EM.  pL 
35  a.  13  B.  f.  4, 5.  (v.  85.)  Elbe.  Disc 
with  radiating  series  of  minute  puncta, 


8  or  10  marginal  teeth  or  minute  pro- 
cesses, and  no  umbilicus.  Front  view 
with  minute,  erect,  marginal  teeth. 


Genus  HALIONTX  (Ehr.). —  Frustules  orbicular,  not  concatenate;  disc 
rayed ;  number  of  rays  definite,  not  starting  from  the  nmbOicus ;  no  internal 
septa.  It  resembles  Actinocydus,  except  in  its  umbilicus  not  being  radiate ; 
or,  in  other  words,  its  central  ocellus  is  wanting.  In  like  manner  Coscino- 
discus differs  from  Symbolophora  in  its  non-radiate  umbilicus^  which  is  a 
simple  void  space. 


Halionyx  tenarius  (E.). — Surfece  of 
disc  with  six  rays;  each  compartment 
is  marked  by  parallel  lines,  wnich  de- 
crease by  eyaal  gradations  on  either  side 
of  a  radiating  median  line ;  loosely  and 
widely  cellulose ;  umbilicus  entire,  punc- 
tated. KA.  p.  130.  Antarctic  Ocean. 
XHam.  1-720".  Af^ioMihea  Actincptychm 
wndulatus. 


H.  undenarim  (E.). — Disc  with  eleven 
or  twelve  rays;  umbilicus  lara^,  punc- 
tated, not  radfiant  (v.  82.)  EM.  pi  85  a. 
21.  £  12.=xir.  tkiodenarius,  E.  olim.  Ant- 
arctic Ocean.  Diam.  1-576".  Ehrenberg's 
figure  shows  the  disc  with  a  granulated 
centre,  from  which  proceed  radiating 
series  of  puncta  and  eleven  darker  or 
shade-like  rays. 


Genus  ACTIN0CYCLU8  (Ehr.). — Frustules  simple,  disciform ;  disc  mi- 
nutely and  densely  punctated  or  cellulose,  generally  divided  by  radiating  single 
or  double  dotted  lines,  and  having  a  small  circular  hyaline  intramarginal 
pseudo-nodule.     We  consider  Actinocydus,  as  limited  by  Ehrenberg,  a  well- 
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marked  genus.  Its  confdsion  has  arisen  from  Professor  Eiitzmg^s  retention 
in  it  of  some  species  of  Actinoptychas,  and  the  application  of  its  name 
by  Professor  Smith  to  the  latter  genus.  The  disc  is  not  undulated;  and 
the  rays,  which  are  often  very  indistinct,  are  dotted  or  interrupted,  not 
continuous  lines.  From  the  minute  size  and  close  arrangement  of  the  puncta, 
the  frustules,  when  mounted  in  Canada  balsam,  never  appear  hyaline,  but  of 
a  brownish  or,  more  frequently,  of  a  beautiful  purplish  colour.  The  disc  is 
furnished  with  an  intramarginal  pseudo-nodule,  which  simulates  an  orifice. 
Ehrenberg  in  this,  as  in  other  genera  of  DiatomaoeeB,  distinguished  his  speciee 
solely  by  the  number  of  their  rays ;  but  we  cannot  retain  them,  as  we  con- 
sider species  founded  on  such  characters  altogether  unscientific  and  enroneoos. 
In  general,  names  once  bestowed  ought  to  be  retained,  even  when  somewhat 
inappropriate  or  defective,  because  less  injury  is  done  by  their  retention  than 
by  burdening  the  science  with  synonyms ;  still  we  beUeve  it  far  better  to 
bestow  a  new  name  when,  as  in  ^lis  genus,  numerous  species  are  reduced  to 
one  to  which  the  original  names  would  be  inapplicable. 


AcTiNOCYCLUS  tnomUfarfm8(n,  sfX — 
Disc  divided  into  compartments  by  tnree 
or  more  rays,  formed  of  single  series  of 
dots,  in  a  moniliform  arrangement  s^. 
temarius,  EM.  pi.  22.  f.  9.  FossiL  Europe, 
Africa,  and  America.  This  species  m- 
cludes  most  of  Ehrenberg^'s  njnires  of 
Actino<ycli  from  the  deposits  of  Greece, 
Oran.  Sicily,  and  Virginia  (pis.  18, 19, 21 
ft  22).  We  have  seen  no  spedmens ;  but 
in  Ehrenberj^s  figures  the  single  moniH- 
form  rays  differ  so  greatly  from  what  we 
find  in  the  foUowmg  species  that  we 
must  consider  them  distinct,  although 
Ehrenberg,  in  consequence  of  his  regard- 
ing the  number  of  the  rays  as  the  essen- 
tial character,  has  mixed  up  its  forms 
with  those  of  the  following  species  tmder 
the  same  names. 

A.  EhrenhergU  (n.  sp.).  —  Disc  gene- 
rally iridescent,  closely  punctated,  so  as 
under  a  low  power  to  appear  waved, 
divided  by  regular  equidistant  rays 
formed  of  interrupted  double  lines,  which 
terminate  at  the  margin  in  minute  teeth. 
Common,  both  recent  and  fossil.  Very 
fine  in  Icbaboe  guano.  Under  this  name 
we  include  all  Ehrenberg's  species  with 
rays  composed  of  double  lines.  The  rim 
is  narrow,  but  generally  distinct ;  pseudo- 
nodule  minute.  In  fluid,  A.  EhrenhergU 
is  colourless ;  but  when  mounted  in  bal- 
sam, it,  like  the  next  species,  varies  with 
different  shades  of  brown,  green,  blue, 
purple,  and  red.  The  rays  are  formed 
oy  fines  composed  of  linear  or  subulate 
hyaline  spaces,  which,  more  frequently 
than  in  A»  Ralfm,  are  in  pairs,  though 
sometimes  alternate ;  they  are  often  in- 
distinct, especially  in  smaller  specimens. 
This  species  is  best  recognized  by  the 
waved  appearance  of  its  pimcta. 

We  subjoin  a  list  of  forms  included  in 


A.  EhrenbergUj  but  by  Ehrenberg  re- 
garded as  distinct  roecies.  Most  of  HheoL 
may  be  obtained  trom  Ichaboe  guano. 
We  unite  them  all  in  this  species  ^— 
A.  temariuB,  8  rays;  A.  quaternania,  4; 
A.  qtdnariuSf  6;   A,  bitemariuSy  6;  A. 
septmarwsyl )  A.  oetonaruu,  S;  A.wh 
narim,  9;  A.  deneariua,  10;  AL  trndena- 
riu8y  11 ;  A,  bisenarws,  12 ;  A,  tredena- 
rius,  13;  A,  biseptenarius,  14;  A,  ^urn- 
denarius,   16;    A,  bioctanarius,  16;    A. 
septemdmarim,  17;   A.  bmanmus,  18; 
A.  novemdenariuSf  19 ;  A,  vieenariusy  20 ; 
A,Luna,2l:  A,  Cere9y22;  ALJuno^SS: 
A.  Jupiiery  24;  A.  Mars,  25;  A,  Mer- 
amus,  26;  A.  PaOaSy  27;  A.  Sakmms, 
28;   A,  Terra,  29;   A,  Venus,  30;    A. 
Vesta,  31 ;  A.  Uranus,  32 ;  A,  Ackar- 
neus,  33 ;  A.  Aldehartm,  34 ;  A.  Antores, 
36 ;  A.  AquUa,  36;  A,  Aretumsy  37 ;  A. 
Bet-elr-gose,  38  ;  A,  dm^ms,  39;  A.  Gh 
peUa,  40;  A,  Fam-d-hU,  41 ;   A.  Lgra^ 
42;  A,Proey<m,4&',  A,  JRegubtSyAA-,  A. 
Itigl,  46;  A,Suius,46',  A,  Sol,  47 ;  A. 
A,  Spica,  48 ;  A.  Stella  pokaisj  49;  A. 
Ninus,  60;  A,  Alexander,  51;  A.  Ptole- 
m€sus,  62;   A,  Davides,  63;    A.  Numa, 
64 ;  A.  Crcesus,  66 ;  A,  Dux^  56 ;  A.  Rex, 
67;   A,Imperator,  58;  A.  PUttiis,   69; 
A,  Proserpma,  60 ;  A,  abundans,  61 ;  A. 
luxuriosus,  62 ;  A,  prodigus,  63 ;  ^.  for^ 
tunatm,  64 ;  A,  locMes,  66 ;  A.  oprnttrus, 
66;  A,  pretiosus,  67;  A.  polyadts,  68; 
A.  magni/icus,  69 ;  A.  Zoroaster,  70  ;  A. 
Solon,  71;  A,  Cleobukts,  72;   A,  CSWo, 
73;  A,  Pittacus,  74;  A,  ThaleSy  75;  A. 
Bias,76;  A,  Penattder,  77  \  A.  Socr^es, 
78;  A.  Salomon,  79;   A.  Homerus^  80; 
A,  JSesiodus,  81;   A.  I^frtteus,  82;    A, 
Anacreon,  83 ;  A,  Sappho,  84 ;   A.  JPkt- 
darus,  86 ;  A.  MschyluSy  86 ;  A.  Sop^kodes, 
87;   A.  Eur^»ides,^i  A.  VtrgOiu^  89; 
A,  Horatius,  90;  A,  Tubeicainy  91;   A. 
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4Sy  92;    A.  CaUimachus,  dd;    A. 
>,  94;  A,  FraxUele8,96;  A.  Pyr- 

96;  A.Apeile8,  97;  A.  Zeuxis, 
-  Orpheus,  99;  A,  ApoUo^  100; 
2mas,  101;  ^.  Achates,  102;  ^ 
S^^^iM,  103;  ^.  Astrolitesy  104; 
y22tM,  105;  ^.  Carhuneuhts^  106; 
irymUUhuSf  107;  ^.  Hyaemtkus, 
1.  Jatpis,  109 ;  ^.  laapanyx,  110 ; 
\coehryauSy  111;  ^.  Omaphusy  112; 
^,  113;  ^.  O^Mi^,  114;  ^.  iSb- 
116;  JL  i&ir<ifl,  116;  -4.  Sardonyx, 
i.  Smaragdus,  118;  ^.  Topazms, 
t.  Panhdios,  120. 
f2a(/m»  (^Sm.).  —  Disc  iridescent, 
Lose  radiating  series  of  punctiform 
BSy  interrupted  by  numerous  subu- 
f aline  spaces,  which  are  crowded 
centre  and  more  distant  near  the 
I,  where  they  form  irregular  rays  of 
I  broken  lines ;  margmal  teeth  and 
Hnodule  as  in  ^.  JShrenberaU,  =s 
wet»JSa{/^SBD.ii.p.86.  British 
(v.  84)  3.  «par«u«  (Greg,  in  lit), 
es  in  loose  series,  without  angular 
,  the  principal  ra^  alone  reacning 
ibilicus,  st&tpodiseas  sparsus,  Greg 
V.  p.  81,  pi.  1.  f.  47  :  Scotland. 
lines  of  cellules  diminish  in  num- 
distinct  intervals  from  the  mar^n 
is  the  centre  of  the  Talve,  givmg 
)d  appearance  when  seen  under  a 
ower  *  (SBD.).  A,  Italfm  differs 
i.  Ehrenberyk  in  the  radiated  ar- 
nent  of  its  granules,  the  far  greater 
ur  of  hyaline  spaces,  and  the  more 
Lar  distribution  of  the  rays,  in 
also  the  blank  spaces  in  the  asso- 

lines  are  usually  alternate.  The 
inff  remarks  on  the  yar.  sparsus 
tndensed  from  Professor  Greja^ory's 
I :  —  Principal  rays  equidistant, 
1  of  large  dots  not  closely  set; 
en  the  principal  rays,  the  inner 
»f  which  leaye  a  small  central  imi- 
),  occur  shorter  series  parallel  to 
fther,  the  middle  one  longest,  the 
proMgressiyely  decreasing  in  leng^ 
ch  side,  and  the  shorted  adjacent 
principal  rays,  which  they  approach 
Emgle.  Professor  Greeonr  mids  the 
Arrangement  in  A,  Mal/sii;  but  in 
form  the  dots  are  large  and  very 

In  A,  Rolf  sit  the  colour  yaries 
different  shades  of  purple,  blue, 
and  yellow,  and  sometimes  brown 
ffl  At  Professor  Gregory's  sug- 
n,  we  reduce  A.  sparsus  to  the  rank 
variety,  as  he  finds  the  species  to 
luch  m  the  size  of  the  granules,  in 
closeness,  and  in  colour. 
fulms  (Sm.). — **  Cellular  structure 


indistinct,  eradiate ;  colour  of  dry  yalye 
t&wny"  sa  EupoeUscus  /ulvus,  ^BD.  i. 
p.  24,  pL  4.  f.  40.  Britam.  Rays  obscure. 
We  doubt  whether  this  species  be  distinct 
from  A,  Ehrenberguy  many  specimens  of 
which  haye  very  mdistinct  rays. 

A.  crassus  (sin.\  —  Disc  somewhat 
opa<][ue,  purplish  wnen  dry ;  granules  in 
radiating  series ;  pseudo-nodule  as  in  ^. 
Ralfsii'y  margin  smooth.  =  Eupodiseus 
crassus,  SBD.  i.  p.  24,  pL  4.  f.  41.  Britain. 
Mr.  T.  West  belieyes  this  species  to  be 
an  immature  state  of  A,  Ratfsii, 

Doubtful  Species, 

A, Panhdios  (E.). — Very  large;  disc 
with  120  yery  fine  rays.  KSA.  p.  128. 
Cuxhayen.    Diam  1-180". 


•  Disc  yeneraUy  coloured,  furnished  with 
radiating  series  ofpunda. 

A.  interpunctatus  (BrL).  —  Disc  with 
an  indefinite  number  of  double  rays 
running  frx)m  the  centre  to  near  tiie  cir- 
cimiference ;  the  rays  composed  of  ehort, 
broken  lines;  the  spaces  between  the 
rays  are  minutely  punctate.  Califomiay 
New  Zealand,  West  Indies.  =  Actino» 
ptychus  interpunctatus,  Bri  JMS.  yiiL 
p.  94,  pi.  6.  £117. 

A.  subtiUs  (Greg.). — ^Disc  yery  hyaline, 
with  numerous  yery  fine  inconspicuous 
radiating  dotted  lines,  a  circular  punc- 
tated umbilicus,  and  rather  distant  mar- 
ginal teeth,  ss  Eupodiseus  subtiUs,  GDC. 
p.  29,  pi.  3.  f  50.  Forming  brown  patches 
on  sides  of  rocks.  Ilfracombe,  Pl^^mouth. 
This  species  is  easily  distinguished  by 
its  hyaiine  appearance  in  balsam.  The 
pseuao-nodule  is  minute,  radiating  lines 
mdistinct,  and  the  umbilicus  is  furnished 
with  scattered  dots  surrounded  by  a 
dotted  circle.  Frustules  sometimes  con- 
tained in  an  indefinite  mucous  stratum. 

2  *  Disk  with  hexagonal  cellules,  which 
are  not  in  radiating  Unes, 

A.  tesseUatus  (Ro.).  —  Cellules  of  disc 
distinct,  hexagonal,  with  a  minute  no- 
dule at  each  angle,  not  radiant  =s.^«9o- 
diseus  tesseUatuSy  Ho  JMS.  yi.  p.  19,  pi.  3. 
f.  1.  Pembrokeshire,  Hull,  Norfolk. 
Guano.  This  species  is  placed  in  Acti- 
nocyclus  because  of  its  solitary  intramar- 
fl;inalpseudo-nodule ;  but  in  its  structure 
it  differs  so  much  from  the  other  species 
of  that  genus,  that  it  might  be  separated 
from  it  The  reticulated  disc  and  ab- 
sence of  rays  distinguish  it  In  balsam 
it  is  nearly  colourless. 
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Genus  ASTEROLAMPRA  (Ehr.). — Frustules  simple,  disdform ;  disc  orlai- 
cular,  with  marginal  areolated  or  punctated  compartments,  separated  by 
smooth  rays  which  proceed  from  a  hyaline  central  area ;  central  area  diyided 
hy  lines,  which  radiate  from  the  umhilicus  to  the  apex  of  each  oompartmait; 
compartments  and  rays  symmetrical.  Marine.  The  disc  in  this  beautifal 
genus  is  generally  colourless,  and  when  mounted  in  halsam  is  far  from  oon- 
spicnous,  notwithstanding  its  comparatively  large  size.  The  mai^ginal  com- 
partments are  usually  conical,  and  from  the  apex  of  each  a  line  or  rib  proceeds 
to  the  umbilicus.  The  hyaline  central  area  seems  to  originate  from  the  dilated 
inner  ends  of  the  rays,  and  its  lines  to  be  produced  by  their  junction.  Aste- 
rolampra  is  distinguished  from  Asteromphalus  by  tiie  compartments  being 
similar  and  equidistant ;  on  which  account  the  rays  are  equal,  the  lines  all 
radiant,  and  the  umbilicus  central. 


*  UmbHical  lines  straight 

AsTEROLAMFBA  Marylondica  (E.).  — 
Umbilical  lines  simple,  straight;  areo- 
lated compartments  conical  or  semicir- 
cuhir.  EB.  1844,  p.  76,  f.  10;  WalUch, 
TM.  viu.  D.  47,  pL  2.  f.  13, 14 ;  GrevTM. 
viii.  p.  lOo,  pi.  o.  f.  1-4.  ss  A.  seftenaria, 
Johns.  SilL  Joum.  2nd  ser.  xiii.  p.  33 ; 
A,  in^HW,  Sh  TM.  ii.  pi.  1.  f.  14 ;  A.  pe- 
fa^  EB.  1864,  p.  238.  Fossil,  Vir- 
ginia :  Monterey  stone,  guano.  Recent, 
India,  &c.  (xi.  33.)  Rays  6  to  14.  The 
disc  varies  greatly,  not  only  in  the  num- 
ber of  rays,  but  m  the  elongated  or  de- 
Sressed  form  of  the  compartments,  pro- 
ucinff  a  corresponding  variation  in  the 
size  of  the  central  area. 

A.  Rottda  (Grev.).  —  Resembles  A, 
MarylandicUf  but  the  areolated  compart- 
ments have  subtruncate  apices ;  umbili- 
cal lines  straight.  GrevTM.  viii.  P*  HI; 
I>1. 3.  f.  6.  Monterey  stone.  Umbilical 
ines  simple  or  dividing  in  a  forked  man- 
ner, close  to  the  central  point. 

A.  variabiUs  (Grev.).— Compartments 


with  cuneate  apices ;  umbilical  lines 
straight,  mostly  imited  in  twoA  or  threes 
near  the  central  point.  Grev  TM.  viii 
p.  Ill,  pL  3.  t  6-8.  Monterey  stone. 
Kays  6  to  11. 

A.  OrevOia  (Wallich,  Grev.).  —  Com- 
partments conical,  with  truncated  apices; 
umbilical  lines  straight,  variouslv  united, 
ss  Asteromphalus  GretiUu,  Wall  TM.  Tiil 
p.  47,  pi.  2.  {.  15 ;  Aeierolanwra  GreciBii, 
Grev  TM.  viii.  p.  113,  pi.  4.  £  2L  Fossil, 
Vir^ia  and  Monterey  stone;  recent, 
Indian  Ocean.  This  speciee  approaches 
Asteromphalus  in  the  appearance  of  the 
central  area,  but  its  ma]^g:inal  compart- 
ments and  alternating  rays  are  symme- 
trical.    Rays  numerous,  13  to  17. 

2  *  Umbilical  lines  ang%darUf  henk 

A.  Brebissoniana  (Grev.). — Areolated 
compartments  truncated ;  umbilical  lines 
with  an  angular  bend  in  the  middle. 
Grev  TM.  viiL  p.  114,  nl.  3.  £  9.  Mon- 
terey stone.  Umbilical  lines  simple  or 
united,  close  to  the  central  point 


Genus  ASTEROMPHALrS  (Ehr.).— Frustules  simple,  disciform ;  disc  as  in 
Asterolampra,  but  Ttith  two  of  the  punctated  compartaients  approximate,  and 
the  interposed  ray  narrower  than  the  others.  Marine.  Asteromphalus  differs 
from  Asterolampra  in  having  two  compartments  closer  together.  Hie  lines 
connecting  these  with  the  umbilicus  do  not  radiate  like  the  rest ;  and  the 
enclosed  hyaline  ray  consequ^itly  differs  in  form  from  the  others,  and  is 
termed  the  median  or  basal  ray. 


•  UmhUicalUnes  radiating  from  a  central 
pointf  two  of  them  approjcimaied,  As- 
teromphalus. 

t  Umbilical  lines  straight  or  curved. 

Asteromphalus  HookerU  (E.). — 
Pmictated  compartments,  conical  or 
rounded  at  the  apex;  umbilical  lines 
straight,  the  median  ones  pandlel.  EB. 
1844,  p.  200  J  EM.  pi.  36  a.  21.  f.  2,  ^A. 


Buchu,  EB.  1844,  p.  200;  A.nmnhcmi, 
E./.C.  p.  200;  EM  pL  36  A.  21.  £3;  A 
Cutierky  EB.  1844,  n.  200;  EM.  pL  35 a. 
21.  £L  Antarctic  Ocean,  (x.34.;)  Rays 
6  to  9.    We  consider  that  forms  difieiing 

3  in  the  number  of  their  rays  are  not 
y  distinct,  and  have  consequently 
united  Ehrenberg's  species  quoted  above. 
A.  DaUasianus   (Grev.).  —  Aiedated 
compartments,  with  truncate  apices ;  me- 
dian lines  campanulate.  ss  Aaterohmprm 
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DaBananOy  Grey  TM.  tuL  p.  116,  pL  4 
1 10.    Bennuda,  Tripoli. 

A.  WaUickUmm  rCirev.).  —  Areolated 
compartments,  witn  truncate  apices ; 
mnbilical  lines  straiffht  s  Asterolampra 
WaUickkma,  Grev  TM.  viii.  p.  116.  pL  4 
£11.  Bermuda,  Tripoli  '' The  umbilical 
portion  of  each  raj  is  so  wide  next  the 
areolated  segments,  that  it  may  be  com- 
pared to  a  short-bladed  trowel,  while 
the  linear  part  represents  the  handle" 
("Grev.).  Accordmff  to  Dr.  Greville*8 
figure,  this  species  differs  from  Astero- 
lampra only  by  its  median  ray  being 
narrower  than  the  rest. 

2t  Umbilical  lines  with  an  angular 
bend. 

A.  Beaumontii  (K).  —  Compartments 
with  rounded  apices ;  umbifical  lines 
with  an  angular  bend ;  median  ones 
straight,  pandleL  EB.  1844,  p.  200,  £  6 ; 
Grev  T]$L  viii  j.  1 1 5.    Antarctic  Ocean. 

A.  Darwhm  (E.).  —  Compartments 
with  rounded  or  subtruncate  anices; 
umbilical  lines  with  an  angular  oend; 
median  ones  bent  or  curved.  £RBA 
1844,  p.  200,  £  \,^A9terolanmra  Dor- 
winuy  Grev  TM.  viii  p.  116,  nl.  4  f.  12, 
13 ;  Aster  Of iwhaJmRosnu  EKBA.  p.  200, 
f.  2;  EM.  pl.86  A.  21.  f.  4  Antarctic 
Ocean,  Monterey  stone,    (v.  86.) 

2*  DUc  stibcircular,  rays  unequal;  um- 
bilical lines  radiating  from  the  top  and 
sides  of  the  median  ones,  which  latter 
pass  oeyond  and  enclose  the  central 
point    Spatangidium. 

t  Umbilical  lines  not  bent. 

A.  JlabeUatus  (Br^b.,  Grev.).  —Punc- 
tated compartments,  conic ;  umbilical 
lines  straight  or  slightly  curved,  radi- 
ating from  apex  and  sides  of  the  median 
ones.  Grev M J.  vii p.  160jpl. 7.  f. 4, 6.  = 
SpatanaidiumJkMlatumj  Br^b.  Bull  Soc 
Linn,  de  Normand.  ui  pi.  3.  f.  3 ;  Aste- 
rolan^ajlahdlatay  GrevT^L  viii.  p.  116  j 
Spetttmgidium  pettatum,  Br^b.  A  c  pL  3. 
£  4  Peruvian  and  Califomian  guanos. 
Rays  10  or  11;  median  one  ckvate; 
areolation  of  compartments  very  minute. 

A.  HUtonianm  (Grev.).  —  Punctated 
compartments  narrowly  conic ;  umbilical 
lines  radiating  firom  apex  and  sides  of 
median  lines,  the  two  lower  pair  sud- 
denly dii^fi^x^^ Asterolampra  Hikoni- 
ana,  GrevTM.  viii.  p.  117,  pL  4  £  16. 
Algoa  Bay  guano,  Inaian  Ocean.  Rays 
10  to  19,  slender ;  umbilical  lines  simple 
or  forked ;  areolation  very  minute.    It  is 


a  very  trannMurent  species,  and  easily 
overlooked^  Grrev. 

A  Arachne  (Br^b.).  —  Disc  broadly 
ovate ;  hyaline  area  small  and  excentn- 
cal;  areolated  compartments,  very  un- 
eaual;  umbilical  lines  straight,  short; 
dilated  head  of  median  ray  truncate.  = 
SgHitanaidium  Arachne,  Br^b.  Bull.  Soc. 
Linn,  de  Normand.  iii.  pi.  3.  £  1 ;  Aste- 
rolampra  Arachne,  Grev  TM.  viii.  p.  123 ; 
Asteronwhalus  malleus^  Wall  TM.  viii. 
p.  47,  pL  2,  £  11 ;  JExcentron  cancroides, 
Kalfe  in  lit  (v.  66.)  Peruvian  guano, 
Indian  Ocean.  Distii^^uished  by  its  mal- 
leiform  median  ray.  Compartments  with 
large  areolation ;  umbilical  lines  less  con- 
spicuous than  in  the  6ther  species.  Rays 
usually  6,  sometimes  7;  median  and 
adjacent  ones  straight,  the  anterior  pair 
curved.  When  there  are  only  live  rays, 
this  species  differs  greatly  in  appearance 
from  the  rest  by  having  the  anterior 
margin  of  the  head  of  the  median  ray  in 
direct  contact  with  the  anterior  com- 
partment; but  when  the  rays  are  7  in 
number,  the  h^  aline  dilated  portions  of 
the  anterior  pair  interpose  between  these 
parts,  as  in  the  other  specie^. 

2 1  Umbilical  lines  with  an  angular 
bend. 

A.  degans  (Grev.). — Punctated  com- 
partments, conic,  more  than  half  the 
radius  -,  umbilical  lines  with  an  angular 
bend,  radiating  from  apex  and  sides  of 
the  median  ones,  usually  simple,  but 
sometimes  two  or  three  united.  Grev 
MJ.  vii.  p.  7,  pL  7.  £  6.  =  Asterolampra 
elegans,  MJ.  viii.  p.  118,  dL  4  £  16.  Ca- 
lifomian guano,  Indian  Ocean,  (v.  87.) 
Areolation  extremely  minute ;  rays  13  to 
29,  gracefully  slender. 

A.  imbricatus  (WalL).  —  Areolated 
compartments,  conic,  less  than  half  the 
radius;  rays  numerous,  robust;  angular 
bends  of  umbilical  lines  forming  unitedly 
an  oblong-elliptical  figure.  Wall  TM. 
viii  p.  46,  pi  2.  £  9.^  Asterolampra  im* 
hricata,  Grev  MJ.  viii.  p.  119,  pi  4  £  17. 
Indian  Ocean,  Natal.  Areolation  con- 
siderably larger  than  in  A,  elegans,  its 
nearest  ally,  Grev. 

A  Brookei  (Baii). — Disc  almost  cir- 
cular; areolation  conspicuous ;  compart- 
ments truncated;  angular  bend  of  um- 
bilical lines  near  the  outer  end ;  umbilical 
portion  of  median  ray  constricted  be- 
neath the  rounded  inner  end,  then  dilated. 
Bail.  Sill.  Joum.  2  ser.  xxii  jp.  2,  pi  1.  £  1. 
=  Asterolampra  Brookei^  Qre\  MJ.  viii. 
p.  119,  pi  4.  £  18.  Soundings,  Kamt- 
schatka,  Atlantic,     (v.  79.)     The  umbi- 
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rounded  apices  and  bordered  by  a  eeriee 
of  larger  areol» ;  umbilical  lines  stxakht^ 
radiating  from  top  and  sides  of  mediin 
ones :  rays  terminating  at  the  mazgin  in 
nodiiies.  Johnston^  M  J.  viiL  p.  12,  pL  L 
£  10.  Elide  guano,  (vm.  14^  Kays 
11.  Dr.  Johi^ton's  figure  difiexs  mm 
every  known  species  by  having  the  r^ 
contmued,  as  Dr.  Qrerille  remarks^  liie 
distinct  bars  or  the  ribs  of  an  umbrdk, 
from  the  central  point  to  the  maigin. 
We  believe,  however,  that  this  structure 
is  similar  to  what  is  met  with  in  several 
other  species  of  Asterolampra  and  As- 
teromphslus  (see  especially  GreviDe's 
figures  of  A^terokmqfra  vwriabHUf  A. 
WaQichitmOj  A.  Boparitma,  and  A,  h^ 
taciis)^  but  more  strongly  marked,  and 
probably  exaggerated  in  the  figure. 

A.  9teUatu8  (Grev.).  s  Asierokmqnra 
steUata,  GrevTM.  viiL  p.  124>  pL  4  £20. 
Indian  Ocean.  It  is  allied  to  A.  BtUo- 
numus  and  A,  flabeOaitu,  The  lowest 
pair  of  imibilical  lines  are  curved  down- 
wards, as  in  the  former  species.  The 
median  lines  are  paralleL  The  valve, 
at  a  first  glance,  is  most  conspicuous  for 
the  large  size  of  the  hyaline  area  and  the 
n^idly  attenuated  rays;  but  this  may 
prove  to  be  a  worthless  distinction. 

A.  Sarcophagus  (W^alL^.  —  Valve  ob- 
long, with  inflated  middle ;  median  ray 
plane  and  continuous  with  the  anterior 
ray;  umbilical  linee  straight;  aieolatian 
very  large.  Wallich,  TM.  viiL  p.  47,  ri.  2. 
f.  V2,^A9terolampra  Sarcopka^ygy  Giev 
TM.  viii.  p.  124.  Indian  Ocean.  ^  The 
broadest  portion  of  this  species  is  always 
towards  the  extremity  opposite  to  the 
median  rav,  thus  giving  the  valve  a  some- 
what pyniorm  or  sarcophagus-like  shape** 
(Wallich).  «  The  form  of  the  valve  is 
so  extreme  a  deviation  from  the  other- 
wise more  or  less  orbicular  shape  of  the 
entire  series,  that  an  impression  almost 
forces  itself  upon  the  mind  that  it  is 
simply  a  malformation.  It  is  most  neaiiy 
related  to  A,  Araehne ;  for  if  we  remore 
the  terminal  rav  (which  in  many  qiedes 
may  be  either  absent  or  present)',  the  five 
remaining  rays  would  occupy  the  rdative 
position  which  they  hold  in  that  species, 
as  well  as  in  the  same  direction,  one  pair 
pointing  upwards,  the  oihet  pair  down- 
wards. In  both  4>ocies  the  areolation  is 
large"  (Grev.). 

Genus  ASTERODISCTS  (Johnson).  —  Fmstules  simple,  disciform ;  disc 
divided  into  punctated  compartments,  which  do  not  reach  the  centre,  by  hyaUne 
smooth  rays ;  compartments  connected  to  the  umbiUcns  by  an  equal  nomber 
of  radiating  lines,  two  united  half  way,  the  rest  distinct.     Fossil.     (Johnson, 


lical  lines  radiate  from  the  upper  half 
of  the  median  ones,  and  are  sometimes 
divided.  The  ang^ular  bend  is  nearer  the 
outer  end  than  in  any  other  species ;  and 
at  each  angle  is  a  minute  spine-like  pro- 
cess, Grev. 

A.  Roperiamis  (Grev.). — ^Disc  circular, 
with  its  hyaline  area  centrical ;  areolated 
compartments,  truncate,  almost  equal; 
umbilical  lines  radiant  from  rounded 
end  of  median  ones ;  median  Hues  pass- 
ing round  the  central  point  in  a  semi- 
circle, then  contracted,  and  lastly  widely 
expanded.  >=  Asterolampra  BoperiofMj 
Grev  M J.  viii  p.  120,  pL  4.  f.  14  Indian 
Ocean.  Rays  7,  robust ;  areolation  rather 
larffe,  Grev. 

A.  ShadboUianus  (Grev.). — Areolated 
compartments,  truncate ;  lunbilical  lines 
radiant  from  ike  pyriform  median  ones, 
with  the  bend  aoout  the  middle;  rays 
not  reaching  the  mamji,ss  Asterolampra 
Sh€uS>oltianaf  Grev  MJ.  viii  p.  121,  pi.  4 
1 19.  Indian  Ocean.  '*  Rays  7,  robust ; 
areolation  rather  large.  Its  nearest  ally 
is  perhaps  A,  Brookeij  from  which  it  is 
separatea  by  the  very  difierent  median 
lines  and  by  the  angular  bend  being 
more  in  their  middle"  TGrev.).  Dr. 
Greville  suspects  that  in  tnis  species,  as 
in  A.  Roperianusy  A,  heptactis,  and  A, 
Araehne,  the  number  of  rays  may  be 
more  constant  than  is  generally  the  case 
in  the  group. 

A.  heptactis  (Br^b.). — ^Areolated  com- 
partments, truncate ;  rays  broad,  linear, 
terminating  in  a  lunate  marginal  fold, 
and  bordeim  by  a  row  of  larger  areoles. 
K  Spatangidium  h^taetis,  Br^b.  BulL  Soc 
Linn,  de  Normand.  iii.  p.  8.  £  2 ;  Aste^ 
rolavyara  heptactis,  Grev  TM.  viii.  p.  122 ; 
SwxtangidiumBalfsianumj  TM.  vii  p.  161, 
pi.  7.  £  7,  8.  Peruvian  and  Califomian 
guanos,  Atlantic  soundings.  Rays  7, 
straight  or  slightly  curvec^  the  median 
one  m  a  broad  shallow  groove,  the  linear 
portion  faintly  prolonged  through  Uie 
dilated  portion  to  spurs  from  the  bends 
of  the  adjacent  umoilical  lines.  Areo- 
lation of  compartments,  conspicuous; 
disc  subcircular.     (vin.  21.) 

Doubtful  or  imperfectly  described 
Spectes, 
A.  eentraster  ^Johnston). — Disc  orbi- 
cular ;    areolatea    compartments    with  { 
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in  Silliman's  Amer.  Journ.  1852.)  <<  The  proximate  genera,  Asterolampra 
and  AsteromphaluSy  are  readily  distinguished.  In  the  former,  aU.  the  connect- 
ing lines  are  symmetrical ;  in  the  latter,  two  are  parallel ; "  whilst  in  this 
genus  one  line  divides  half-way  from  the  centre  and  proceeds  to  two  of  the 
compartments,  the  smooth  ray  between  which  is  smaller  than  the  others,  but 
not  parallel  as  in  Asteromphalus. 


AsTBRODiscus  Johnsomi  — Rays  and 
mnbilical  divisions  from  five  to  nine. 
Bermuda  earth.  This  includes  the  fol- 
lowing species  of  Johnson : — 

A.  amnarim. — Marginal  rays  and  um- 
bilical divisions  five. 

A.  senarius. — ^Marginal  rays  and  um- 
bilical divisions  six. 


A.  nonarius. — Marginal  rays  and  um- 
bilical divisions  nine. 

"  Front  view  bi-convex  ;  compart- 
ments elegantly  marked  with  mmute 
dots,  arranged  in  excentric  curves" 
(Johnson). 


Genns  ACTIN0PTYCHU8  (Ehr.).— Fnistules  disciform,  cellulose ;  disc 
divided  into  equal  triangular  compartments  by  lines  or  internal  septa  (E.). 
=Actinocyclus,  Smith,  not  Ehr.  The  circular  disc  is  cellulose,  and  divided 
into  triangular  portions  by  lines  ("  internal  septa,"  E.)  radiating  from  its 
centre.  The  alternate  portions  are  usually  more  distinct,  owing  to  the  undu- 
lated form  of  the  frustulee,  which  causes  them  alternately  to  be  nearer  to  or 
more  remote  from  the  eye.  The  apparent  septa  distingnish  it  from  Actino- 
cydus,  and  the  absence  of  spines  from  Heliopelta  and  Omphalopelta.  We 
have  not  the  slightest  doubt  that  Ehrenberg  has  properly  separated  Actino- 
cyclus  from  Actinoptychus.  Professor  Smitii  himself  practically  admits  this, 
by  placing  the  groups  in  different  genera,  although  he  has  not  retained  the 
names  as  affixed  by  their  author.  If,  however,  tie  validity  of  their  separa- 
tion be  admitted,  ti^e  founder  of  these  genera  has  surely  an  undoubted  right 
to  retain  the  original  name  for  whichever  group  he  thinks  fit.  Professor 
Bmith  seems  to  have  erred  by  choosing  as  the  type  of  Actinocydus,  not  one 
of  Ehrenberg's  species,  but  a  form  placed  in  that  genus  by  Professor  Eiitzing, 
though  really  belonging  to  Actinoptychus. 


AcTOfOPTYCHUS  temarius  (E.).  — 
Disc  with  3  or  6  radiating  lines,  with- 
out a  distinct  umbilicus  \  compartments 
even.  KB.  pL  1.  f.  19. =^.  qutnarius,  E. 
FossiL  Virginia.  The  rays  proceed 
directly  to  its  centre,  without  leaving  an 
umbilical  space. 

A.  unduitius  rKUtz.). — Disc  with  its 
compartments  utemately  prominent  and 
cellulose  and  depressed  and  punctate; 
umbilicus  indistmct  or  indefinite.  = 
Actinocydus  undulatus,  KB.  pi.  1.  f.  24 ; 
Actmopfyehus  bUemarim,  EM.  pL  18. 
£20;  JL&titmkz^,  EM.phd6A.16.  f  1. 
(v.  88.)  America.  Guano,  &c  Com- 
partments six  or  more. 

A.  cdatus  (E.).  —  Compartments  six, 
loosely  cellulose ;  sur&ce  apparently 
covered  by  a  thin  punctated  mcmoJirane. 
KSA.  p.  130.  Virginia.  We  are  unac- 
quainted with  this  species,  but  think  it 
may  probably  be  a  state  of  A,  undtUaius, 
the  valves  of  which  frequently  consist 
of  two  dissimilar  plates,  one  having  the 
usual  character,  the  other  being  triradiate 


and  minutely  punctate,  and  which  has 
been  descriliied  as  a  new  species  by  Mr. 
Roper  in  TM.  vi  p.  23  {Actinocyclua  tri' 
radiatus),  who  first  observed  it  detached 
from  the  true  valve.  He  and  others 
have  since  found  the  plates  in  situ. 

A.  senarius  (E.).  —  Compartments  (6 
or  more)  alternately  prominent,  all 
loosely  cellulose ;  umbilicus  angular, 
definite ;  rim  striated.  EM.  various 
plates,  s  Actinocydus  undulatusy  SB.  i. 
pi.  5.  f.  43.  (IX.  132.)  Conunon,  both 
recent  and  fossiL  Mi.  Tuffen  West  re- 
snada  A,  senarius  and  OmphalopeUa  areo^ 
Tata  as  identical  The  presence  of  mar- 
g^inal  spines  in  the  latter  seems  indeed 
the  only  essential  distinction;  and  we 
have  generally  succeeded  in  detecting 
spines,  more  or  less  distinct,  exactiy 
such  as  Professor  Smith  has  represented 
in  one  of  the  figures  of  his  Actinocydus 
undulatus.  The  determination  of  species 
in  Actinoptychus  is  very  diflicult.  The 
number  of  the  compartments,  generally 
relied  upon,  we  consider  unessential,  and 


Digitized  by  VjOOQ IC 


840 


SYSTEMATIC  HI8I0BT  Of  IHl  DrTVSOSIA. 


we  would  separate  into  two  species  all 
those  fonns  in  which  the  compartments, 
irrespectiTe  of  their  number,  are  di- 
stinctly cellulose  without  any  particular 
arrangement  of  their  cellules.  A,  tmdu- 
kUu8  would  thus  include  all  those  havinff 
a  yague  or  indefinite  umbilicus,  and  A. 
senanm  those  in  which  the  umbilicus  is 
separated  from  the  cellulose  compart- 
ments by  a  well-defined  margin. 

A.  tptendens  TShadbolt).  —  Compart- 
ments (12  to  20)  obsciu^ly  cellulose, 
each  with  a  median  line,  wnich  tenni- 
nates  in  a  clayate  intramarginal  nodule 
or  tooth;  umbilicus  hyaline,  definite. ss 
ActinophcBnia  iplendms,  Sh  TM.  iL  p.  16 ; 
ActmoptychuB  tedenarius,  £.,  Ro  TM.  iL 
p.  74,  pi.  6.  £  2.  Common.  Guano,  Eng- 
land. In  this  species  the  alternate  de- 
pressions of  the  compartments  are  often 
yery  slight ;  and  the  compartments  beinff 
stnated,  frequently  appear  irregular,  ana 
are  counted  with  oimculty.  Tne  species 
neyertheless  has  so  peculiar  an  aspect, 
that,  once  known,  it  is  easily  recognized. 
The  rays  are  mast  distinct  where  they 
radiate  from  the  hyaline  umbilicus,  at 
which  part  they  sometimes  appear  thick- 
ened, in  some  specimens  the  nodules 
are  confined  to  the  alternate  compart- 
ments. 

A.  elegans  (n.  sp.^. — Disk  diyided  into 
compartments  by  bnes  radiating  from  a 
stellate,  hyaline  umbilicus :  compart- 
ments punctated,  and  each  biBect^  by 
a  monifiform  row  of  granules.  ^A,  octo~ 
dmaruM,  £M.  pi.  21.  f.  21.  Oran.  Ehren- 
berg  has  figured  more  than  one  form  as 
his  A,  octoaenarius ;  the  compartments  in 
his  figure  of  this  species  are  9,  and  each 
is  bisected  by  a  moniliform  ray. 

A.  ir%UngtUatu9(Bn,), — ^Valyes  diyided 
by  6  alternately  eleyated  segments.  The 
eleyated  portions  gradually  rise  from  the 
circumference  to  near  the  centre,  where 
they  are  roimded  ofi^;  each  alternate  one 
has  a  submarginal  row  of  dots  or  trun- 
cated processes.  Surface  delicately  punc- 
tato-striate.  -0035"  to  -0073".  West 
Indies.    Bri  M  J.  yiii.  p.  03,  pL  5.  f  2. 

A.  qnno9u$  (BrL). — ^Valyes  with  6  seg^ 
ments,  alternately  ^ghtly  eleyated; 


gin  occasionally  spinous;  eadi  segment 
with  1  or  2  processes ;  umbilicuB  smooth, 
surface  of  the  yalye  punctal^e.  Monterey 
earth  (or  deposit).  Bri  MJ.  yiii  p.  04 
pL  0. 1 16. 

A.  dives  (£.).  —  Disc  diyided  into 
numerous  (about  50)  narrow  oompait- 
ments  by  bnes  radiating  from  a  large^ 
indefinite,  punctated  umbilicus,  each 
compartment  haying  a  single  series  of 
granules.  EM.  pL  19.  £  l2.^Duixplea 
dives,  KiCycMeUa  dives,  KA.  p.  2a 
FoesiL    .^Bgina. 

Doubtful  S^^edes, 

A.  quaUmariMS  (E.V  —  Disc  diyided 
into  4  compartments  by  as  many  radi- 
ating lines.  KA.  p.  130.  Virginia. 
Diam.  1-552".    A  state  of  A,  temerwt  f 

A.  P  hexaptenu  (R^.  —  Disc  with  fi, 
thick,  solia  and  conical  rays ;  maivin 
thick,  undulated,  denticulate  intemaSy. 
KA.p.131.  FossiL  VeraCrua.  (xlSL) 
A  yery  doubtful  Diatom. 

A.  ocionarius  (E.). — Disc  diyided  into 
8  compartments  by  as  many  radiating 
lines.  Guano,  &c.  Astateof^.jenoriiiE. 

A.  denarius  (E.). — ^Disc  with  10  com- 
partments and  10  radiating  linea  EM. 
nl.  18.  t  23.  Cuzhayen  and  Virginia. 
We  belieye  this  species  is  fbondra  oo 
certain  forms  of  A,  tiiari'iii  and  A 
splendefts, 

A.  duodenarius  (R). — Disc  diyided  bj 
radiating  lines  into  12  compartmenti^ 
which  are  alternately  darker;  in  the 
centre  of  each  compiurtment  runs  a  nar- 
row line,  terminating  at  the  margin  in  a 
minute  pseudo-nodme,  so  that  as  many 
as  24  rays  may  be  counted.  Recent  ai^ 
FossiL  Europe,  America.  KA.  p.  13L 
s  HdiopeUa  HaetMon,  MJ.  yiii  p.  13? 
A  state  of  A.  spiendens? 

The  following  species  of  Ehrenbog 
are  distinguished  by  the  number  of  lajs 
only : — 

A.  quatuordenarius,  14  raysas^.  ^/ftm- 
dens;  A,  vicehorius,  20  rays;  A,  Ceres, 
22  rays;  A.  JvpUer,  24  rays  (xi.  28). 
The  three  last  are  probalily  states  of 
A,  splendetts. 


Genus  HELIOPELTA  (Ehr.).— Fmstules  diBciform,  undulated  disc  cellu- 
lose,  with  external  rays  and  internal  septa,  a  striated  margin,  many  erect 
submarginal  teeth,  and  an  angular  centre.  As  in  Actinoptychus,  the  frustule 
is  undulated,  and  the  disc  diyided  into  cuneate  compartments  or  rays,  whidi 
appear  alternately  more  distinct ;  **  but,  in  addition,  they  haye  near  the 
margin  a  row  of  lateral  spines,  somewhat  like  the  processes  of  Eupodiscus, 
but  far  more  numerous,  which  probably  connect  the  friistules  together  in  the 
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g  state.    Ehrenberg  has  dedicated  the  different  species  of  this  genuB  U 
ns  distinguished  in  the  history  of  microscopic  research  "  (Bailey).     Af 
pedes  differ  only  in  the  number  of  compartments,  they  are  probably  nol 
distinct. 


iUOFBLTA  Metii  (E.). — Disc  having 
y  cellulose,  eleyatecC  radiating  com- 
lents,  alternating  with  depressed 
marked  with  fine  decussating  lines ; 
>r  a  rather  broad  striated  rim.  Ber- 
^  deposit,  (xi.  35.)  Compartments 
mbilicus  stellate.  Diam.  1-872". 
the  habit  of  Actinoptyckua  velahu, 
:  MetHf  KB.  1844^  p.  268.  Com- 
lents  8;  umbilical  star  tetragonal. 
L  1-204". 

Leeuwenhoekii(Ehi.  ^1. 33. 18.  £  5.). 
mpartments  10 ;  umbilical  star  pen- 


tagonal.   Diam.  1-166". 

H.  JBuleri  (EM.  pi.  33.  18.  f.  6.}.  - 
Compartments  12;  lunbilical  star  nex- 
agonaL    Diam.  1-156". 

H.  Selliquern  (EB.  1844,  p.  268.).  - 
There  are  usually  3  teeth  opposite  eacl 
elevated  compartment,  ana  2  opposite 
each  dej^ressed  one ;  but  sometimes,  es- 
pecially in  the  larger  specimens,  the  teetl 
are  more  numerous,  whilst  in  the  smallei 
ones  they  are  occasionally  1  less  in  eacli 
compartment. 


mus  OMPHATiOPELTA (Ehr.).— Frustules  simple,  disciform ;  disc  cellu- 
or  punctate,  divided  by  imperfect  septa  into  cuneate  rays ;  centre  hyaline ; 
»,  one  to  each  compartment.  "  This  genus  has  the  habit  of  Actinoptychut 
Heliopelta,  but  differs  &om  the  former  in  the  presence  of  lateral  spines^ 
&om  the  latter  in  the  small  number  of  these  processes.  The  species  ol 
3  three  genera  often  closely  agree  in  their  form  as  well  as  in  the  numbei 
leir  radii  and  cells ;  but  the  character  of  the  spines  will  always  distinguisli 
i"  (Bailey).  **  All  the  species  of  Omphalopelta  resemble  Aetynaptychtu 
rins"  (Kg.). 

eliopelta  differs  from  this  genus  in  having  two  or  more  spines  instead  oi 
to  each  compartment, — a  difference  we  regard  as  more  suitable  for  specific 
generic  distinction;  and  we  believe  that  a  better  knowledge  of  these 
\a  will  prove  the  propriety  of  uniting  them. 


[PHALOPELTA  CcUuloSO   (E.\  —  Ra- 

Qg  compartments  6,  cellulose,  al- 
ktely  tumid  and  depresed,  steUato- 
tate ;  rays  but  slightly  prominent ; 
[)road,  striated.  EA.  p.  133.  Fossil, 
luda,  Vircinia.  Diam.  1-192".  This 
es  greatly  resembles  the  6-rayed 

of  HdU^Ua  MetU^  in  which  the 
>artment8  have  sometimes  only  1 
2  spines  alternately ;  and  indeed  we 
Lot  certain  that  they  are  even  speci- 
y  distinct. 

areoUda  (R).  —  Compartments  6, 
loosely  and  obscurely  cellulose, 
ely  or  but  slightly  depressed ;  rays 
net ;  rim  broad,  raduate.  EM.  pi.  35  a. 


18.  f.  12. = Actinocyclu9  areolatm,  Bri  M J. 
viii.  p.  93,  pi.  5.  f.  L  Fossil.  Bermuda, 
guano,    (ym.  16^ 

0.  versicolor  (E.).  —  Compartments  6, 
all  granulated  m  very  fine  decussating 
lines,  which  cause  a  play  of  colours  from 
tawny  to  red :  the  strong  rays  and  hex- 
agonal crystalline  lunbihcus  very  conspi- 
cuous ;  rim  narrow,  radiant.  EA.  p.  1§3. 
Fossil.  Bermuda.  Diam.  sometimes 
1-252",  but  mostly  less. 

0.  punctata  (E.). — Radiatiuff  compart- 
ments 6,  all  loosely  punctated,  3  alter- 
nate ones  slightly  elevated ;  rim  narrow, 
not  distinctly  radiant :  spines  obsolete. 
KA.  p.  133.    Fossil.    Bermuda. 


onus  ARiCHNOIDISCUS  (Deane).— Frustules  disciform ;  disc  with  a 
ral  hyaline  nodule  or  umbilicus,  and  numerous  radiating  lines  connected 
ionoentric  lines  or  series  of  gemmaceous  granules. =Hemiptychus  (E.)< 
disc  has  been  compared  to  a  spider's  web ;  hence  the  name.  Alternating 
L  the  long  radiate  lines  are  one  to  three  short  marginal  ones,  the  centra] 
of  these  being  also  longer  than  the  other  two  when  three  are  present, 
essor  Bailey  informs  us  that  Arachnoidiscus  has  been  adopted  instead  oi 
liptychus  because  the  latter  name  had  previously  been  used  in  ento- 
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Abachnoidibcus  omatus  (R). — ^Diec 
having  its  radiating  lines  connected  by 
concentric  ones,  ssMermptycJuts  omaiusy 
TSR,  1848,  p.  7 ;  ArachntndUcus  amaius, 
EB.  1849,  p.  64:  At  TM.  vi.  p.  16; 
A.  Japonicus,  Shadbolt;  A.  Nicobaricm, 
EM.  pi.  36.  f.  85  (according  to  Amott). 
Africa,  West  Coast  of  America,  Nicobar 
Islands,  (xv.  18-21.)  In  deference  to  the 
opinion  of  Pro!  Amott,  we  have  united 
A.  Nicobaricm  to  this  species ;  but  it  is 
desirable  to  examine  specimens  from  the 
original  stations.  Ehrenbeig  describee 
all  the  radiating  lines  in  his  ^  omatus  as 
equal ;  but  he^ures  A,  Nicobarieus with 
two  sets  of  shorter,  marginal,  interme- 
diate ones.  Our  specimens,  in  this  re- 
spect, agree  with  A.  Nicobaricusy  but 
have  around  the  umbilicus  a  circlet  of 
close,  short,  radiant,  oblong  lines,  which 
are  wanting  in  Ehrenberg's  figure.  The 
granule^  too,  are  apparently  larger  in 
our  specimens.  The  lines  connecting  the 
radiating  ones  often  anastomose. 

A.  Ehrenbergii  (Bailey).  —  Disc  with 
numerous,  moniliform,  concentric  circles 
of  large  l^eariy  granules,  the  circle  next 
the  umbilicus  formed  of  short  lines; 
radiating  lines  with  two  series  of  shorter 
ones  between,  s  A,  Ehrenbergii,  EB.  1849, 
p.  64 ;  SD.  i.  p.  26,  pi.  31.  f.  266.  Recent, 
Coast  of  Oregon  and  California;  fossil, 
Monterey  and  California.  A,  Ehren" 
bergii  is  easily  distinguished  from  A, 


omatiuB  bjr  the  absence  of 
lines.  It  is  more  hraline,  and  the  pEn- 
nules  fiur  larger  and  more  conwpiciMWB, 
All  the  circles  are  compact,  ano^  exoffit 
the  two  inner  ones,  have  the  graBulM 
slightly  quadrate,  aikl  their  relnFe  di- 
stimoes  somewhat  irregoltf.  ThenciiaJ 
ary  rays  are  sometimes  half  the  kngik 
of  the  principal  ones ;  tiie  thizd  aebei  is 
simply  margmaL 

A./iMfi<^,  EM.  pL3a  £34.  Ib& 
We  have  seen  nei^er  spedmen  nor  it- 
scription  of  this  spedea.  Ehrenbeaqp'i 
figure  repesents  the  disc  with  nmnenni^ 
conoentnc,  moniliform  cirdes  of  pesh 
granules.  The  ^^ranules  are  distant  ia 
the  first  and  thud  frxnn  the  nwMifal 
space ;  in  all  the  others  they  are  deoK. 
Professor  Amott  (perhaps  rigntlj^  mntei 
A,  Indicm  to  A,  JEhrenhergii'j' Smi  we 
have  thought  proper  to  keep  them  sept- 
rate  for  the  present,  in  oroer  to  direct 
more  attention  to  them,  becaoae  Bmn- 
berg's  figure  of  A,  Indieut  di^rs  in  some 
respects  from  A,  StrenAergiL  In  tkis 
species  there  is  no  linear  series  roond 
uie  umbilicus,  the  third  drde  haa  diiteat 
granules,  all  the  granules  are  othimkiv 
there  is  only  one  series  of  shorter  lap 
interposed  between  the  long  ones,  aad 
these  are  connected  by  an  imdukted 
line,  fi[iying  the  inner  margrin  of  the  lia 
a  scolloped  mpearance.  In  all  these 
respects  it  di^rs  from  A,  BkrembetyH 


Genus  PEBITHYEA  (Ehr.). — Characten  unknown  to  us.  Aoooc&gto 
Ehrenbei^s  figures,  it  seems  to  dififer  from  Hetercetephania  bj  its  la^ 
tubercles. 

rather  broad,  smooth  rim^  and  no  nmhi- 
licus.    (vin.  19.) 

P.  qtiatemarioy  EM.  pL  35  a.  9.  £  & 
Ganges.  A  variety  of  the  pieoedinfo 
with  only  four  tubercles. 


Pbeithyba  denaria,  EM.  pi.  35  a.  9. 
t  6.  =  Co8cinodt8cus  radiatus,  var.,  Wal- 
lich,  TMS.  viii.  pi.  2.  f.  22P  Ganges. 
Disc  with  radiatmg  series  of  minute 
puncta,  ten  intramarginal  tuberdes,  a 


FAMILY  IX.— EUPODISCE^. 

Frustules  simple,  frree,  disciform ;  lateral  surfaces  furnished  with  proeesses. 
The  EupodiscesB  may  be  regarded  as  connecting  the  Coeoinodisce»  with  the 
Biddulphieae.  They  agree  with  the  former  in  their  discoid  frustules  and  with 
the  latter  in  having  processes  on  the  lateral  surfiaoes.  These  processes,  how- 
ever, must  not  be  confounded  with  the  spines  or  teeth  which  occur  in  some 
of  the  Cosdnodiscese.  It  is  sometimes  ctifficult  to  dedde  whetiier  the  cEses 
really  have  processes  or  only  pseudo-nodules,  since,  from  their  drcnlar  oat- 
line  and  hyaline  texture,  free  from  cellules,  both  these  appear  Hke  orifices 
unless  seen  in  profile,  and  perhaps  Actinocydus  would  be  more  oontcUj 
placed  in  this  frunily  than  with  the  Coscinodisceaa. 

Genus  EUPODISOUS  (Ehr.^. — Frustules  diedfonn ;  diso  cdluloae  (h*  an- 
nulate, furnished  with  submarginal  circular  prominences.  =:TripodiKa8,  Tetia- 
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podiscQS,  PentapodiBCiis  (£.),  Podiflcas  (Bail.).  The  oelliilar  stracture  is 
usually  less  evident  in  this  genus  than  in  OoscinodiscuB.  We  have  removed 
to  Actinocyclus  three  specdes  originally  placed  here  by  Professor  Smith,  who 
hixiself  admits  that  they  probably  belong  to  that  genus,  *^  as  the  process  in  all 
is  rather  a  pseudo-nodule  than  a  projection  from  the  surface  of  tiie  valve/' 


EuPODiscus  Argw  (E.). — Disc  with 
three  or  more  processes;  subremote  firom 
the  margin ;  cellules  somewhat  steUate, 
intervals  pimctated.  SD.  i.  p.  24,  pi.  4 
f.  30.  =  ^.  Americanus,  EB.  1844 ;  K 
quatemarhiSf  E.  qumariWy  E,  German 
fdcm,  KA.  p.  134  (vl  2:  xi.  41,  42.) 
Recent  in  marine  and  brackish  water, 
£urope,  America ;  fossil,  United  States. 
This  species  is  easily  recognized  by  its 
irregular  cellules  and  intervening  puncta, 
which  give  to  the  disc  a  cloudea  appear- 
ance, very  unlike  the  usual  transparency 
of  DiatomacesB.  The  processes  vary  from 
3  to  5  in  number.  "The  star-shaped 
cells  appear  when  seen  by  direct  light 
to  be  placed  in  the  centre  of  small  bosses 
or  protuberances,  in  which  respect  it  dif- 
fers from  all  other  Diatomacese  that  I 
am  acquainted  with.    Ro  M J.  ii  p.  73. 

E.  monstntotua  (RJ. — Disc  with  4  pro- 
cesses on  one  side.  £.  /L  c.  p.  81.  Baltic. 
Distinguished  by  the  unsymmetrical  dis- 
position of  its  processes.  It  is  probably 
an  accidental  variety  of  E,  Argus, 


R  Bogerm  (BaiL,  R).  —  «  Fnistules 
large,  having  3  to  7  hyanne  lateral  pro- 
cesses placed  on  an  elevated  circle, 
within  which  the  disc  is  slightly  con- 
cave, and  outside  of  which  the  surface 
is  part  of  the  frustmn  of  a  cone.  =  Po- 
discus  BogersUj  BAJ.  xlvi.  pi.  3.  f.  1,  2 ; 
Ei^podiscus  Bc!germ,  E.  /.  c. ;  E,  Baileyit, 
R  /.  c.  Recent  and  fossil.  XJnitea 
States.  In  this  species  the  processes 
are  close  to  the  rim.  The  whole  surface 
is  beautifuUy  punctate.  ...  As  this  spe- 
cies is  the  largest  and  most  beautifhl  of 
the  fossil  Infusoria  occurringin  the  strata 
of  which  Professor  W.  B.  Rogers  made 
the  discovery,  I  have  selected  it  as  pe- 
culiarly appropriate  to  bear  his  name  " 
(Bail.  I  c). 

E.  radiaius  (BatI.), — ^Disc  plane,  areo- 
lation  hexagonal,  with  4  (or  more)  sub- 
marginal  processes.  "  Resembles  Cosci- 
nod^scus  radiatus  in  size  and  reticulation," 
BC.  Bri  MJ.  viii.  p.  96,  pL  6.  t  10. 
America. 


Genus  AULACODISCUS  (Ehr.). — ^Frustules  disciform ;  disc  granulated,  and 
furnished  with  intramarginal,  shortly  tubular  processes,  each  connected  with 
the  centre  by  a  distinct  furrow,  or  by  a  radiant  series  of  more  conspicuous 
granules.  Aulacodisci  are  Eupodisci  furnished  with  bands  radiating  fr*om  the 
centre  and  connected  with  the  tubercles  situated  just  within  the  margin,  and 
having  the  surface  of  their  valves  granulate,  and  not  cellular.  Professor 
Kiitzing  makes  this  genus  a  section  of  Eupodiscus. 


*  Disc  buUate  beneath  the  processes, 

Aui^ACODiscus  PetersU  (R).  —  Disc 
neaxiy  colourless,  having  a  smaU,  ]^r- 
Ibration-like  umbilicus,  a  large  kite- 
shaped  inflation,  rough  with  minute 
points,  beneath  each  process,  and  minute 
granules  arranged  in  lines.  EB.  1845, 
p.d6L=r.£^9MM&csi9Pi!«0rm,ESA.  p.  136; 
i:  crMcw^r,  Sh  TM.  ii.  pi.  1. 1 12.  South 
Africa,  botii  recent  and  in  guano ;  Aus- 
tralia and  New  Zealand.  Disc  large. 
vrith  3  to  6  orbicular  processes,  fumishea 
ivitJi  a  central  nipple  and  situated  on 
the  outer  margin  of  the  inflations.  The 
CTanules  are  minute,  and  arranged  in 
Bxies,  some  radiant  and  bisecting  the 
intervals  between  the  processes,  the  rest 
oMique  and  decussating.  Raised  points 
are  present  on  the  inflations  and  less 
conspicuously  along  the  connecting  fur- 


rows and  about  the  umbilicus;  margin 
finely  striated.  In  order  to  observe  tne 
disc  properly,  it  is  necessary,  on  account 
of  its  tmevenness,  to  vary  the  focus. 
Specimens  from  New  Zealand  have  the 
granules  and  markings  more  distinct^ 
and  the  inflations  smaller,  less  definite, 
and  further  firom  the  margin. 

A./onfio««(Ainott,MS.).— Disc  lurid, 
having  an  irr^^ular  perforation-like  um- 
bilicus, a  large  cuneate  inflation  beneath 
each  process,  and  radiating  series  of  con- 
spicuous pearly  granules.  =  A,  Bright' 
weOU,  Ralfs,  MS. ;  A,  BoUviensis,  Br^. 
MS.  In  upper  Peruvian  or  San  Filipe 
guano.  A.  formosus  agrees  with  Ji. 
I^etersH  in  having  an  innation  beneath 
each  process,  but  diflers  in  most  other 
respects.  From  A,  margaritaceus  and 
A.  Comberi,  which  it  more  nearly  re- 
sembles in  the  appearance  and  arrange- 
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ment  of  its  gnntiles,  it  is  easily  known 
by  its  inflations.  Diisc  large,  smoke-  or 
lead-coloured,  with  a  narrow,  distinct, 
finely  striated  rim;  inflations  remote 
from  the  margin,  and  having  a  bright 
point  at  the  outer  edge,  placed  at  the 
base  of  an  elongated,  davate,  not  very 
conspicuous  process. 

2  *  Disc  not  buUate  beneath  the  processes. 

A.  seaber  (Ral&,  n.  sp.).  —  Disc  with 
oblong  submarginal  processes,  crowded 
radiatmff  series  of  mmute  granules,  and 
scattered  raised  points.  Peruvian  ^^uano. 
I^rocesses  3  to  6,  connected  by  indistinct 

roves  with  the  ver^  minute  umbilicus, 
the  front  view  this  species  resembles 
a  Cerataulufl^  its  lateral  portions  being 
turgid,  and,  in  addition  to  the  processes, 
rough  with  minute  apiculi;  connecting 
lone  marked  by  fiiint  longitudinal  lines. 

A.  Kittoni  (Amott.  MS.).— Disc  hya- 
line, with  3  to  8  sunmarig^nal  crescent- 
looking  processes,  connected  by  radiant 
rows  of  minute  nanulee,  with  an  umbi- 
lical rosette  of  oblong  cellules.  Recent, 
New  Zealand  and  Monterey  Bay ;  fossil, 
Monterey  stone.  An  elegant  species, 
distinguished  by  its  somewhat  mammi- 
form processes,  which,  being  directed  out- 
wards, appear  lunate.  Granules  puncti- 
form,  proceeding  from  umbilicus  to 
processes  in  pencil-like  rays:  interval 
between  the  processes  bisected  by  similar 
pencils,  but  less  conspicuous,  and  with- 
out furrows ;  the  rest  of  the  ^pranules  in 
oblique  lines,  as  in  A,  Petersk, 

A.«/bAiwofm(Amott,MS.). — Disc  pale, 
with  a  circular,  perforation-like  unibili- 
cus,  and  crowded  radiating  series  of  gra- 
nules becoming  more  numerous  as  tney 
proceed  outwa^s,  so  as  to  appear  forked ; 
processes  within  the  margm,  roundish, 
small.  Algoa  Bay  guano.  The  rays, 
near  the  margin,  become  more  numerous, 
with  smaller  granules,  so  as  to  look  like 
striffii ;  sometimes  the  processes  appear 
within  a  faint  circle.  A.  Johnsonn  some- 
what resembles  A,  Kittoni,  but  is  less 
hyaline,  with  more  conspicuous  gra- 
nules, and  processes  more  distant  m)m 
the  margin. 

A.  Crux  rE.).— Disc  with  dose,  radi- 
ating, forked  series  of  lai^  pearly  gra- 
nules, which  are  crowded  at  the  centre, 
leaving  no  blank  space ;  processes  some- 
what distant  from  the  margin,  b^.  Crux, 
EB.  1844.  p.  76;  EM.  t  18.  t  47;  Eu- 
podiscus  Cn4x,  KA.  p.  135.  Fossil.  Vir- 
ginia. We  are  indebted  to  Professor 
Amott  for  correcting  the  error  we  had 
lallen  into,  of  confounding  it  with  A, 


ExttonL  In  general  appeaiance  it  agrees 
with  A,  Comberi  and  A,  marffaritaetus; 
but  the  processes  are  more  remote  from 
the  margm,  and  the  connecting  furrows 
obscure ;  it  diflfers  essentially  fit>m  most 
other  species  in  having  large  granules 
at  the  centre  of  its  disc,  inst^d  of  a 
blank  space;  margin  striated. 

A.  margaritaceus  (Ralfs,  n.  sp.). — ^DibC 
pale,  with  oblong  suomarffinal  proceases, 
an  irregular,  perforation-tike  umbilicui^ 
numerous^  close,  moniliform,  radiating 
series  of  large,  pearij  granulea,  and  in- 
conspicuous connecting  furrows.  Patoi 
or  Galifomian  guano,  s  A,  Oux,  EM. 
pi.  36  A.  16. 1 2.  Disc  Luge,  with  from 
o  to  lOrather  small  processes ;  umbilicus 
usually  irregular,  hvaline,  looking  as  if 
denuded  of  granules,  sometimes  veiy 
minute  and  sunounded  by  a  drdet  of 
larger  granules.  Two  simple  series  of 
equal  granules  lead  to  each  j^ocesa,  be- 
neath which,  by  a  slight  separation,  they 
leave  a  triangular  hyaline  q>ace;  tfaie 
other  series  are  dichotomously  divided, 
and  near  the  margin  their  granules  be- 
come smaller,  or  even  punctiform«  and 
resemble  strise. 

A.  Comberi  (Amott,  MS.). — Disc  lurid ; 
granules  large,  irregularly  scattered  romid 
the  irregular  perforation-like  nmhilifjift^ 
the  rest  arranged  in  crowded,  forked, 
radiating  lines;  processes  oblong,  sub- 
marginal,  with  conspicuous  connecting 
furrowa  San  Filipe  guano.  Processes 
2  to  6.  A.  Comberi  in  character  ap- 
proaches closely  to  A.  margaritaeeHS'y  its 
granules,  however,  are  smaller  and  more 
irre^ar  near  the  umbilicus,  and  the 
furrows  leading  from  the  proceasee  are 
much  more  conspicuous  j  but  the  most 
obvious  distinction  of  this  species  is  its 
lurid  appearance. 

A.  BeeceruB  (Johnson,  MS.).  —  Disc 
smoke-coloured,  with  an  irregular  Uank 
umbilicus,  rather  distant  radiating  lines 
of  large  pearly  granules,  striated  mar- 
gin, and  (3  or  4)  roundish  submarginal 
processes.  New  Zealand.  Of  this  beau- 
tiful species  we  have  seen  only  one  ^le- 
cimen.  The  disc  is  small,  apparently 
nearlv  flat,  with  very  distinct  granules, 
9  or  10  in  OOl",  on  a  dark  ground ;  two 
series  leading  to  each  process,  wider 
apart  and  more  parallel  than  the  rest 
(VI.  6.) 

A.  Browneti  (Norman,  BiS.V  —  Dbc 
coloured,  with  a  minute  umbihcus,  dose 
radiating  series  of  granules,  and  two  or 
three  roundish  intramaiginal  processes* 
Shell-cleanings,  California  and  else- 
where in  the  Pacific.    Fossil,  Monterey 
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Btone.  Disc  small  under  a  low  power, 
bluish,  with  a  darker,  brownish  border. 
The  granules,  which,  according  to  Mr. 
Norman,  are  about  17  in  001",  are  so 
regularij  arranged  as  to  form  concentric 
circles  as  well  as  radiating  series.  A, 
BrowneH  agrees  in  colour  with  A.  Ore' 
gamu^  but  in  the  arrangement  of  its 
gwnules  more  resembles  A,  BeeveruB, 
From  the  former  it  difiers  in  the  regular 
radiant  arraiufement  of  its  granules, 
smaller  size,  fewer  processes,  and  much 
flatter  surface.  From  A,  Beeven€B  it  is 
distinguished  by  its  colour  and  closer 
granmes. 

A-  Oreganus  (Bailey). — Disc  coloured, 
with  circular  perforation-like  umbilicus, 
convex  centre,  flattened  border,  short 
cjlindrical  slightly  emaiginate  marginal 
processes,  and  series  of  minute  crowded 
granules.  Bail.  Proc.  Acad.  Philadelphia, 
1853;  Gtrev  MJ.  vii.  p.  156,  pi.  7.  f.  2. 
California,  both  recent  and  fossil ;  Mon- 
terey stone,  Puget's  Sound.    This  very 


distinct  species  is  easily  recognixed  by 
its  coloured  disc  and  cylindrical  emar- 
j^te  processes,  which  are  from  6  to  27 
in  number,  and  close  to  the  margin. 
Under  a  low  power  its  minute  granules 
appear  arranged  in  waved  or  oblique 
Imes,  but  imperfectly  radiant  under 
higher  powers,    (vi.  4.) 

A.  ptMcAer  (Norman,  MS.). — ^Disc  large, 
colomred,  with  from  7  to  16  marginal 
processes;  central  granules  irregiuarly 
scattered  or  crowded,  the  others  in  di- 
stinct, close,  radiant  rows.  Fossil.  Mon* 
terey  stone.  A,  pukher  agrees  with  A, 
Browneii  in  its  coloured,  slightly  and 
uniformly  convex  disc  and  radiant  ar- 
rangement of  granules.  It  diflers  from 
that  species  by  its  much  larger  size  and 
more  numerous  processes.  The  most 
remarkable  feature  of  this  species  is  its 
granulose  centre,  in  which  respect,  as 
well  as  in  its  radiant  granules,  it  differs 
from  A.  Oreganm,  Granules  12  in  OOl". 
(vra.28.) 


QenxiB  AUIISCUS  (Ehr.,  Bail.). — "  Frustules  cylindrical  or  discoid ;  lateral 
surfaces  undulated,  having  two  circular,  flattened,  mastoid,  imperforate  pro- 
cesses at  some  distance  from  the  margin;  umbilicus  (generally  present) 
smooth,  circular,  surrounded  by  a  plumose  arrangement  of  dots  and  lines ; 
sides  smooth"  (BC.  1854.). 

**  The  projections  on  one  valve  are  usually  on  a  line  at  right  angles  to  that 
on  which  those  of  the  opposite  valve  are  placed  "  (B.).  Kiitzing  unites  Auliscus 
with  Coscinodiscus ;  but  it  seems  more  nearly  allied  to  Eupodiscus. 


•  Disc  ttnth  a  con^ncuous  circular 
umbihcus. 

AiTLiscus  pruinosus  (B.). — "  Disc  with 
four  sets  of  curved  and  sparsely  punc- 
tate lines,  two  diverging  m>m  the  large 
smooth  umbilicus,  while  the  other  two 
converge  round  the  large  processes." 
BC.  1^  pi.  1.  f.  5-8.  Recent  United 
States,  (vi.  1.)  "  Frustules  large,  discoid 
or  cylindrical;  edffes  bevelled,  central 
portion  in  front  view  smooth  or  with 
longitudinal  parallel  lines"  (B.).  We 
have  seen  fhiiBtules  of  this  species  with 
8  processes. 

A.  pundatus  (B.).  —  Frustules  like 
those  of  A,  prtdnosus,  but  their  lines  so 
crowded  and  closely  punctate  that  the 
plumose  arrangement  is  scarcely  visible. 
BC.  pl.l.  19.  United  States.  "This 
may  prove  a  variety  of  the  preceding ; 
bat  the  sparsely  punctate  surface  of  the 
one  and  the  closely  punctate  surface  of 
the  other  appear  to  ofier  a  sufficient 
distinction  between  them"  (B.). 

A.  c€Blatu8  (B.).— Disc  with  uneaual, 
strongly  marked  lines  proceeding  from 


the  margin  towards  the  centre,  but 
leaving  a  well-defined  central,  four- 
lobed  or  cruciform  figure,  with  waved 
lines  radiating  in  four  sets  from  the 
umbilicus.  BC.  pi.  1.  f.  3, 4  In  sand 
from  West  Indian  sponge,  and  in  sound- 
ings from  Mobile  Bay.  Umbilicus  di- 
stinct, smooth,  the  lines  proceeding  from 
it  towards  the  processes  in  converging 
curves,  the  others  varioudy  flexed  and 
anastomosing. 

2  *  Umbilicus  wanting  or  obsolete, 

A.  sculptuB  (Smith). — Disc  with  im- 
equal,  strongly  marked  short  lines,  radi- 
atm^  inwards  frtmi  the  margin  and 
leaving  a  well-defined  centnu,  four- 
lobed  snace,  marked  with  four  sets  of 
fainter  lines  radiating  frx)m  the  centre. 
^Ewpodiscuescuiptm^BD,  i.  pi.  4  f.  42 ; 
Bri  M  J.  viii.  p.  94,  pL  6. 1 3.  England, 
(vi.  3.)  This  species  resembles  A.  c^b^ 
latus,  but  has  no  umbilicus.  We  have  not 
seen  the  strisB  of  the  central  quatrefoil  so 
strongly  marked  as  in  Professor  Smith*s 
figure,  out  always  much  fiiinter  than  the 
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maiginal  ones;  indeed  sometimee  they 
are  very  indistmct 

A.  Amencamt$  (R).  —  Diac  with 
fltronglj  marked  lines,  radiating  inwards 
from  the  margin  and  leaving  an  irregular 
central  space  destitute  of  lines.  £M. 
pL  33.  14  £  2.  United  States.  The 
targe  processes,  as  well  as  the  central 

r»,  are  without  the  radiating  lines  of 
9(mJlpiu8;  but  we  think  it  probable 
that  Enrenberff's  figure  was  taken  from 
a  specimeh  of  that  species  in  which 
those  markings  were  more  than  usually 
inconspicuous. 

A.  cyUndriau  (K), — Frustules  cylin- 
drical, wi^  a  plane  orbicular  disc  on 
each  side,  having  a  rim  and  a  central 
area  marked  by  various  radiating  lines; 
processes  resembling  oblique  openings. 

A.  ovoUb  (Amott,  MS.).  —  Disc  oval, 
with  two  opposite,  narrow,  hispid  ele- 
vations midway  between  the  roundish 
perfbration-like  apices  of  the  processes ; 
curved  lines  punctate,  rather  faint ;  um- 
bilicus obsolete.    Algoa  Bay  and  Peru- 


vian gnanoe.  Oommnnieated  by  Mr. 
Kitton.  This  species  is  distingoiBlied 
by  its  oval  disc  and  hispid  elevrntions. 
Ijie  truncated  processes  do  not  in  geoeial 
correspond  exactly  with  the  lonra'  db- 
meter  of  the  valve,  but  are  placed  a  li^e 
on  one  side  in  opposite  directions,  in 
which  respect,  as  well  as  in  the  praseoee 
of  hair-like  spines,  it  ^proaehes  Oen- 
taulus. 

Doubtftd  SpeeiM. 

A.  poiwiigmuB  (R^. — Radiating  aeries 
of  ceilulee  oonverjfmg  in  two  lateral 
obsolete  whorls,  which  appear  perforated 
(processes  P).  Cellules  14  in  l-120Cr. 
Diam.  1-360".  s  CoteinoducM  pofywti^wfm, 
KA.p.124    North  Sea. 

A.  r^^S^(R).— Margin  of  sidee  ta- 
mid,  looking  as  if  perforated,  sculptared 
by  elegant  rows  of  dotted,  imperfectly 
radiant  lines.  EM. pL  la  £  ^sCb*- 
cmodiacm  AulUcua,  KA.  p.  126.  FossO. 
^figina.  Ehrenberg's  figure  xepreeenti 
a  mere  fragment 


FAMILY  X.— BIDDULPHIE^. 

Fmstales  ceUulose,  compressed ;  lateral  valves  entering  into  the  front  view, 
and  usually  more  or  less  produced,  at  one  or  both  angles,  into  processes.  The 
Biddulphiese  are  remarkable  for  the  great  development  of  the  lateral  valves  of 
the  frnstule,  which  are  so  convex  or  inflated  as  always  to  enter  largdy  into 
the  front  view,  causing  the  central  zone  to  appear  like  a  band  between  them. 
The  mode  of  growth  in  this  frunily  is  very  interesting.  Instead  of  simple 
elongation  and  subsequent  division  of  the  central  zone  by  means  of  internal 
septa,  new  central  and  inner  lateral  valves  are  formed  within  the  elongated 
original  one,  which,  until  ruptured,  retains  the  frustules  in  pairs.  The  central 
zone  is  at  first  very  narrow  and  merely  a  broad  line,  but  it  increases  greatly 
in  breadth  until  the  new  frustules  are  fully  formed. 

Genus  CERiTAULUS  (Ehr.).— Frustules  with  turgid  lateral  valves,  each 
valve  with  two  tubular  processes  alternating  with  the  same  number  of  horn- 
like spines ;  lateral  view  orbicular  or  broadly  oval.  Cerataulus  seems,  in  stnne 
measure,  to  connect  the  Biddulphieae  with  the  Eupodisceee,  since,  in  a  lateral 
view,  it  approaches  the  latter  in  the  circular  form  of  some  of  its  species ;  the 
frront  view,  however,  is  similar  to  the  other  genera  of  thb  family :  the  frus- 
tules are  binately  conjoined  by  an  external  punctated  sheath,  and  their  pro- 
cesses are  definite  in  number.  Ehrenberg  describes  the  frustules  as  simple, 
by  complete  fission  ;  but  Professor  Bailey  finds  them  concatenate.  Cerataulus 
is  characterized  by  having  stout  hom-like  spines,  which  are  not  situated  on 
protuberances  between  the  two  processes,  but  alternate  with  them,  and  fbnn 
part  of  the  same  circle. 


Cbhataultts  turgidm  (R).  —  Pro- 
cesses short,  broad,  and  truncate ;  lateral 
valves  broadly  elliptic,  with  a  submar- 
^nal  band  of  apiouli.  EB.  1843,  p.  270. 
^iddulphiatwrgida,BSD.  il  p.  60,  pL62. 


£  384;  Ro  TMS.  vii  p.  17,  ^  2.  £  28. 
Europe,  America.  Professor  Bailey  tins 
describes  this  species : — ^^  Frostoles  glo- 
bular or  slightly  compreesed,  with  two 
large  prcnninences  at  each  end,  cohering 
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hv  alternate  angles,  fonning  sigiaff 
cnains.  Between  the  two  proceasee,  ana 
in  a  plane  at  right  angles  to  that  con- 
taining them,  are  placed  two  long  horn- 
like processes.  Two  frostules  are  often 
connected  hy  an   external  decussately 

Sunctate  cell,  as  in  Isthmia  and  Bid- 
olphia."  The  processes  do  not  exactly 
correspond  with  the  angles,  but  are  situ- 
ated a  little  to  the  side  in  opposite  di- 
rections. This  species,  beautifimy  figured 
in  Professor  Smith's  excellent  work,  is 
easily  recognized  by  its  broad,  truncated 
processes,   ^vi.  8.) 

C.  Smiihn  (Ra.). — Valves  in  front  view 
tuigid ;  processes  conic,  alternating  with 
subulate  horn-like  spines ;  lateral  valves 
orbicular;  cellules  wHnct,^ Ik wodtscus 
radtatm?.  SBD.  i.  p.  24,  pL  80.  f.  256 
(not  Bailey) ;  Bidauhhut  radi€U€iy  Ro 
TMS.viLp.  19,  pL2.  f  27-29.  Thames. 
The  orbicular  form  and  differently  shaped 
proceases  distinguish  this  species  mm 
the  preceding.  The  cellules  are  not 
radiant ;  and  as  Professor  Smith's  name 
was  bestowed  in  error,  and  is  liable  to 
mislead,  we  have  thought  it  advisable  to 
change  it. 

C.  htvis  (E.). — Frustules  large,  qua- 
drangular, with  short,  broad,  truncate 
processes  and  straight  intermediate  mar- 
gin ;  valves  suborbicular,  obscurely  punc- 
tate, with  two  minute,  opposite,  subme- 
dian  spines.  ^Biddulphialavi8y  EB.  1843, 
p.  122;  RoMJ.viLp.l8,pL2.  f.  24r-26; 


OdonteOa  oofymorpha,  EB.  1844,  ^  29. 
f.  90;  latAmta  pofymorphoy  Montage. 
Shores  of  North  and  South  America. 
(VI.  7.} 

C.  thermahs  ^Me.). — Large,  joints  cy- 
lindrical, angularly  concatenated  by  a 
lateral  isthmion ;  lateral  valves  very 
smooth.  SB  Meiomra  (JPieuronra)  thermaUs, 
Menegh.  'On  the  Animal  Nature  of 
Diat,'p.39L  Warm  springs  of  Eugania. 
Length  of  frustules  very  variable.  Riitz- 
ing  refers  this  to  the  preceding  species, 
— a  decision  from  which  Meneghini  dis- 
sents. The  following  extracts  are  taken 
from  the  work  of  the  latter: — "Kiitzing 
says,  '  Yom  Mehsira  (Pleurostra)  ther- 
malts  is  in  no  respects  different  from  the 
OdonteUa  poh/morpha,  I  have  compared 
your  specimen  with  that  of  Montage. 
There  are  even  found  the  delicate  pomts 
upon  the  shield,  as  in  the  other,  wnich  I 
have  inadvertently  omitted  in  my  figure. 
Your  specimen  is  certainly  an  Oaontella, 
although  the  articulations  are  cylindri- 
caL' ''  On  this  opinion  Meneghim  makes 
the  following  comments: — ''Although 
I  have  had  an  opportunity  of  examining 
fragments  only  of  Montague's  Isthmia 
polymarpha,  I  am  positive  in  treating 
the  matter  differently.  It  is  admirably 
figured  by  Eiitzing ;  the  articulations  are 
not  cylindrical,  and,  though  obtuse  and 
slighdy  prominent,  the  lateral  processes 
are  very  evident"  For  other  distinctions 
between  them,  see  the  work  quoted,  p.  483. 


C^enuB  BIDDULPHLi  (Gray).  —  Frustules  compressed,  quadrilateral, 
cohering  by  their  alternate  angles,  and  thus  fonning  a  zigzag  chain ;  angles 
eqnal,  elongated  into  tooth-like  projections ;  spines  none,  or  confined  to  the 
intermediate  rounded  projections ;  lateral  valves  constricted  laterally  at  their 
base.  Great  difference  of  opinion  exists  as  to  the  proper  arrangement  of  the 
forms  here  associated,  whether  they  should  be  included  in  a  single  genus  or 
not.  Ehrenberg  and  Kiitzing  distribute  them  in  two  genera ;  but  although 
their  genera  appear  identical,  yet  their  definitions  differ  so  much  as  to  make 
the  agreement  in  fru^t  merely  nominal.  Professor  Smith  unites  Oerataulus  and 
Zygoceroe,  as  well  as  Odontella,  to  Biddulphia,  whilst  Professor  Bailey,  whose 
opportunities  of  studying  this  family  have  been  so  ample,  admits  the  propriety 
of  conjoining  Biddulphia  and  Odontella,  but  is  not  prepared  to  add  Zygoceros. 
Br^isson,  who  first  conjoined  Biddulphia  and  Odontella,  subsequently  recog- 
nized both  genera.  Ehrenberg  and  Kiitzing  concur  in  describing  Biddulphia 
and  Odontella  (Denticella,  E,)  as  concatenate,  and  Zygoceros  and  Hemiaulus 
afl  simple.  Ehrenberg  distinguishes  Biddulphia  from  Odontella  by  the  ab- 
sence, of  spines,  which  are  present  in  the  latter.  Eiitzing,  on  the  other  hand, 
characterizes  Odontella  as  smooth  (not  cellulose,  thou^  often  punctate  or 
granulate),  without  internal  septa,  and  Biddulphia  as  regularly  punctate- 
cellulose,  with  internal  septa.  Smith  finds  spines  in  the  typical  species  of 
Biddulphia ;  and  Bailey  considers  the  presence  or  absence  of  spines  an  unim- 
portant accident.    We  retain  our  former  opinion,  that  we  cannot  exclude  any 
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species  from  Biddulphia  merely  on  account  of  the  absence  of  costs,  witiumt 
violating  natoral  affinity,  and  diyiding  Isthmia  also.  In  Biddnlphia,  Kiitzing 
forms  his  species  solely  firom  the  number  of  lateral  ooetse  and  consequent 
divisions  (chambers) ;  his  species,  however,  have  been  generally  rejected ;  and 
we  think  that,  Uke  similar  characters  in  Actinoptychus  and  other  genera,  such 
distinctions  are  essentially  erroneous. 


*  Vahes  with  undukitma  tnargim  and 
tra$i»ver$e  cosUb  or  depressumi, 

BiDT>xrLPHiA  pulcheOa  (Gray). — ^Frua- 
tules  distinctly  reticulateoi ;  valves  with 
obtuse  processes,  and  from  one  to  ^Ye 
snudler  intermediate  projections  sepa- 
rated by  cost»  extending  to  the  suture. 
SD.  iL  p.  48,  £  321.  B.  triioculans,  Kutz, 
(with  two  costaB);  B,  gumquelocuktris, 
Kiitz.  (with  four  costse) ;  B.  ieptemJocu- 
laris^  Kutz.  (with  ^ye  costs)  ;  jDenticella 
Biddulphia,  £.  (central  projection  armed 
with  spines);  B,  augtrahSf  Montague; 
B.  ehngata^  Montague  (with  broad  cen- 
tral iwrtion).  (n.  46  to  50.)  The  di- 
stinctive character  of  this  s{>ecies  is  the 
cost«B  or  imperfect  septa  which  separate 
the  projections.  Lateral  valves  ovaT,  with 
undulated  margins  and  a  large  pseudo- 
opening  at  each  end.  In  the  young  state 
there  is  only  one  rib,  and  no  interme- 
diate projection. 

B.  Begma  (Sm.). — ^Valves  with  three 
median  elevations,  the  central  one 
largest,  unarmed;  processes  little  ez- 
ceeoing  the  median  elevation  in  lengrth, 
papillate,  rounded ;  cellules  of  elevation 
distinct,  those  of  valves  and  central  zone 
mmute.  SD.  ii.  p.  60,  pi.  46.  £  323 ; 
Ro  TMS.  vii.  p.  8.  Dredged  off  the 
Island  of  Skye.  Professor  Sailey  refers 
this  species  to  B,  tridentata,  and  Pro- 
fessor Williamson,  according  to  Pro- 
fessor Smith,  to  B.  Tuomeyi,  We  have 
seen  no  specimen,  but  trust  to  the  well- 
known  accuracy  of  Professor  Smithes 
figures  for  its  distinctness  in  the  form 
and  comparative  shortness  of  its  pro- 
cesses. 

B.  tridentata  (E.).  —  Lateral  valves 
dotted,  having  elongated,  obtuse  pro- 
cesses, and  one  to  t&ee  unequal  inter- 
mediate projections;  constrictions  ap- 
proaching the  suture.  EM.  pi.  19.  f.  21. 
^Denticdla  tridentata,  E.  (central  pro- 
tuberance armed) ;  DenticeUa  IVidens,  E. 
Fossil.  America.  Professor  Bailey  re- 
fers B,  ReginOy  Sm.,  to  this  species,  but, 
judging  from  the  descriptions  and  figures, 
they  seem  to  us  distinct.  In  this  species 
the  processes  are  more  slender,  longer 
than  the  intermediate  projections,  and 
mostiy  constricted   beneatn    the  apex. 


Mr.  Roper  unites  this  q^edes  to  B. 
Tuomeyi^  and  is  probably  right  in  lo 
doing. 

R  o&^wMi(EL).— Fmstulesvery  smoodi, 
short,  with  turgid,  obtuse,  short  hons, 
and  a  very  short  intermediate  process.  = 
OdonttMa  obtuaa,  EA.  p.  136.  Heligo- 
land,   (xm.  30  to  32  A^ 

R  subaoua  (E.). — ^Frustules  oblong, 
vervsmootn ;  horns  minute, without  intei^ 
mediate  projections. = OdonieOa  sttbtma, 
KR  pi.  18. 8,14,6,  Heligoland.  Pro- 
fessor Smith  is  probably  right  in  regard- 
ing the  last  two  as  states  of  B,  aunia, 

R  ktvii  (E.).— Has  the  habit  of  B. 
aurita,  but  its  valves  are  smooth  and 
tTidGntate,= DentieeOa  ktrisy  EM.  pL  33. 
15.  f.  6.  Antarctic  Sea.  Diam.  432". 
Ehrenberg's  figure  of  this  speciee  but 
slightiy  resembles  B,  aurita :  the  horn- 
like processes  are  elongated,  alend^,  and 
awl-shaped,  and  not  the  least  inflated  at 
the  base ;  the  intermediate  margin  also 
is  convex,  and  not  elevated  into  a  central 
projection. 

B.  Tuomeyi  ^B.). — ^Valves  having  ob- 
tuse horns  with  swollen  bases,  between 
which  are  from  one  to  three  shorter, 
rounded  projections,  the  middle  one 
largest,  and  often  bearing  two  ^inee.= 
Zyaoceros  T\iomeyiy  BAJ.  xlvL  pL  3. 
£3  to  9.  Fossil.  America,  Patos  guano, 
(vi.  10.)  The  central  sone  is  nanow- 
Imear,  and  slightiy  projects  at  each  end ; 
lateral  valves  covered  with  shagreen-like 
asperities,  which  are  most  evident  on  tiie 
projections;  processes  generally  oon- 
stncted.  At  the  base  of  each  swelling 
is  a  short,  linear,  hyaline  line  which  re- 
sembles a  perforation,  but  which  we  be- 
lieve is  really  a  smooth  elevation. 

B.  pok/fnera  (E.).  —  Lateral  valvea 
granulated,  veiy  broad  and  short ;  angles 
elonj^ated  into  conical  processes;  inter- 
mediate projections  several  (about  nine), 
rounded,  the  central  one  laigest  ^Demti- 
ceUa?  polymera,  R,  BAJ.  xlviii.  pL  4. 
f.  20;  OdonteOa?  polymera,  K;  B. 
Iktameyiy  Ro  TMS.  vii.  p.  a  FoesiL 
Bermuda.  The  lateral  valves  are  so 
short  that  the  constrictions  between  the 
lobes  reach  nearlv  to  the  base.  This 
species  is  remarkaSle  for  the  great  num- 
ber of  intermediate  projections,  of  which 
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the  central  one  is  the  largest,  the  othen 
decreasing  regularly  on  each  side,  two  of 
&em  armad.  Mr.  Roper  unites  tlus  f  orm, 
probably  correctly,  with  B.  Tuomeyu 

2*  Vahes  kmceoiate  or  dl^f^aly  without 
undulated  margim  (OdonteUsy  Ag,), 

B.  awrita  (Lyngb.,  Br^.).— Frustules 
finely  punctated ;  angles  prolonged  into 
slender  conical  horns,  witn  an  mterme- 
diate  projection,  which  is  usually  fur- 
nished with  a  few  spines^  yalyes  elliptic- 
lanceolate.  SBD.  iL  p.  4a  pi.  45. 1 319. 
^OdonteUa  aurita,  Ag.,  JL;  DenHeeUa 
aurita,  E. ;  Denticelia  gracUiSy  E.  Ame- 
rica, Africa,  Europe. 

B.  Boperiana  (GJrev.). — ^Valve  elliptical 
oyal,  with  central  eleyation,  whidi  in 
front  yiew  is  depressed  or  sometimes 
bilobed,  punctate,  unarmed:  angular  pro- 
cesses scarcely  produced,  obtuse,  hugely 
inflated  at  base;  connecting  zone  witn 
rowff  of  minute  granules,  parallel  with 
snture  of  the  yalve.  Grev  JMS.  yii 
p.  163,  pi.  a  f.  11-13.  Seaweed,  Mon- 
terey;  Califomian  guano.  '' This  species 
appears  to  be  removed  from  B.  aunta  and 
its  yarieties  by  the  absence  of  spines,  and 
the  very  d^ressed,  offcen  two-lobed  cen- 
tral eleyation  of  the  yalye  "  (Grey.). 

R  kmficruris  (Grey.). — ^Valye  in  front 
view  with  central  eleyation,  bearing  a 
very  long  spine ;  angular  processes  yery 
much  prodnced,  awl-shaped :  surfiEice 
minutely  granulate.  Grey  «iMS.  yii. 
p.  168,  pi.  8.  f.  10.  Califomian  guano ; 
Sierra  Leone. 

B.  iurfida  (E.^. — ^Lateral  portions  in 
front  yiew  scaorous,  with  produced, 
conical,  obtuse  angles,  and  two  distant, 
long,  intermediate  spines;  yalyes  elliptic- 
hmceolate.  a  Denttcella  turgida,  £B. 
1840,  p.  207;  OdorUella  turgidoy  KB. 
t  18.  £  89;  Biddulpkia  granulata,  Ro 
TMS.  yii  p.  13,  pL  1.  f.  10, 11.  Atlantic. 
Britain.  Processes  large,  inflated  at 
base,  slifl'htly  recuryed ;  spines  generally 
slightly  Dent  at  the  middle ;  yalyes  rotigh 
with  minute  apiculL 

B.  reticulata  (Ro.). — Valyes  hirsute, 
with  large  hexagonal  reticulafions ; 
processes  obtuse,  subccmic,  inflated  and 
gibbous  at  the  base.  Ro  TMS.  yii  p.  14, 
pL  2.  t  14-17.  Ceylon,  Natal,  I^ew 
Zealand.  Yalyes  elliptic;  connecting 
zone  haying  rows  of  rather  conspicuous 
dots. 

B  Indiea  (R,  Ro.). — ^Valyes  hirsute, 
with  slender,  elongated,  subcapitate  pro- 
cesses, and  a  long  awl-shaped  spine 
near  each  process.    Ro  TMS.  yii.  p.  16, 


pL2.£dO-22.»l>0ii^i«eaii  Indica,  ERBA. 
1846,p.  362.  Natal,  (vi.  12.)  Valyes 
lanceolate,  with  the  pseudo-apertures  at 
right  angles  to  the  length  of^the  yalve, 
Koper. 

B.  tunuda  (EL,  Ro.). — ^Valyes  broadly 
elliptic,  with  yery  fine  radiating  dots, 
ana  two  or  three  submarginal  spines; 
in  front  yiew  globose,  with  taperii^ 
obtuse  processes.  Ro  TMS.  yii.  p.  1^ 
pi.  2.  £  18,  19.  =  Denticelia  iumida, 
ERBA.  1844^  p.  266;  OdonteOa  tumida, 
KSA.  p.  137.  Bermuda ;  Califomian 
g^uano. 

B.  MacdonaldH  (Norman,  MS.).  — 
Frustules  finely  striated,  with,  yery  snort, 
nearly  obsolete  processes;  valyes  with 
transverse  striss  mterrupted  by  a  median 
line.  Shark's  Bay,  Australia,  (vin.  23.) 
Vidvee  minutely  dotted  between  the 
stri» ;  frustules  somewhat  twisted.  For 
the  description  of  this  species  we  are 
indebted  to  G.  Norman,  Eisq. 

Doubtful  or  impeffeetlg  known  Spedet, 

R  P  hrevis  (E.).— Small,  lateraUy  Ian- 
ceolato-rhomboid,  smooth,  tripartite 
with  two  septa;  lateral  portions  also 
three-lobed;  lobes  smal^  subequal; 
p^udo-openings  obsolete.  EA.  p.  138. 
Portugal 

B.P  gigae  (E.). — ^Large,  very  turgid 
at  the  centre,  roiuph,  witiiout  distinct 
granules,  laterally  five-jointed,  having  a 
large,  oblong  (pseudo-)  opening  at  each 
attenuated  apex.  KSA.  p.  138.  FoseiL 
Bermuda.    Diam.  1-144< 

K  P  bmata  (E.).— Valve  three-lobed, 
smooth,  slightly  curved,  lunate,  with 
subacute  horns.  EM.  pL  18.  £  63.  FossiL 
Virginia.    Biam.  1-864". 

B.  P  urama  (E.). — Large,  turgid,  not 
cellulose ;  sides  hirsute,  not  constricted, 
middle  part  smooth.  EISA.  p.  138, 
fragment.  Antarctic  re^ons.  Diam. 
1-192".    Remai^ble  for  its  hairiness. 

R  P  amphicephala  (E.). — Smooth,  nar- 
row, wand-like,  concatenate,  constricted 
beneath  each  apex ;  hence  each  end  capi- 
tate, roimded.  s  OdonteUa?  amphic^hala, 
E.  KSA.  p.  137.  Mouth  of  the  Tagus. 
Individual  frustules  resemble  those  of 
Navicula  dicephala  in  habit. 

B.P  Dragilaria  ^  Denticelia?  EM. 
pL  21.  f.  31.  Alters.  Perhi^  a  frag- 
ment of  Eucyrtidmm  lineatum, 

R  P  OfrrAtt*  (E.).— In  Barbadoes  earth. 
We  have  seen  neither  description  nor 
figure  of  this  species. 

3i 
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Genus  PORPEIA  (Bailey,  MS.). — ^FruBtules  simple  (?),  compicMed,  ct^ 
yalve  with  two  short  obtose  processes,  and  two  internal  dured  plates  w\aA 
do  not  extend  to  the  central  portion.  We  give  this  genns  in  deference  to  ^ 
opinion  of  our  highly  esteemed  correspondent  the  late  Prafessor  Bailey,  bat 
donbt  whether  it  is  sofficiently  distinct  from  Biddnlphia.  In  PorpeiA  tbe 
septa  appear  like  costse  incurved  at  their  inner  ends. 


PoBPEiA  quadriceps  (Bsi.  MS.). — ^Pro- 
cesses with  punctated  rounded  ends,  the 
intermediate  margins  slightly  convex; 
lateral  view  narrow,  with  two  constric- 
tions, and  rounded  ends.  Gulf-<>treain. 
(vi.  6.)    iSrom  drawings  by  Professor 


Bailey.  ''At  first  sislit  Uub  ewGa 
suggests  a  relation  to  Grammitoplioa; 
but  the  curved  plates  run  at  rigltt  isgki 
to  their  position  in  that  eeaaa  (l  e.  not 
parallel  to  the  division  of  the  frutokf. 
but  perpendicular  to  it)."— R  m  iL 


Genus  ZYGOCEEOS  (Ehr.).— Frustulee  free,  compressed,  not  coocataiitri : 
each  valve  with  two  (apparently)  perforated  hom-Hke  processes.  Ahfaongk 
we  have  retained  this  genus,  yet  we  think  it  is  very  probable  thai  a  betta 
knowledge  of  its  spedee  will  justify  Professor  Smitii  in  nniting  it  vitk 
Biddulphia,  from  which  it  differs  only  in  its  simple  frustnles. 


Ztoockbos  Rhombus  (K), — Fmstules 
turgid,  with  a  smooth  or  faintly  punc- 
tatod  central  portion ;  lateral  valve  rhom- 
boid with  rounded  angles,  its  sur£Etce 
having  very  fine  granulated  striss.  = 
Biddukthia  JRhombus,  SBD.  h.  p.  49, 
pL  45.  f.  820;  Ro  TMS.  viL  p.  11,  pL  1. 
l4.  America,  Europe,  England,  ft  valves 
with  one  or  more  median  spines, =2^- 
Ueeila  Bhombus,  R  ;  OdonteUa  Rhombus, 
K.  Large;  striss  24  to  26- in  1-1160". 
Diam.  1-720".  "Spines  submargiual, 
awl-shaped,  abbreviated  "  (Sm.). 

Z.  radiatus  (B.).  —  Frustules  lar^, 
turgid;  lateral  valve  rhomboid,  with 
rounded  angles  and  radiating  series  of 
granules.  BSC.  vii.  Z.  Bciana,  EM 
pi.  35.  A.  23.  f.  17;  Bri  JMS.  viL  p.  181, 
pi.  0.  f.  15.  Nova  Scotia.  "Akin  in 
nabit  to  Z.  SurireUa,  but  larger  than 
Z  Rhombus,  Central  zone  punctated  " 
(Ehr.). 

Z.  SurireUa  (E.). — Frustnles  small; 
lateral  valve  lanceolate,  with  constricted 
obtuse  apices;  surface  with  transverse 
granular  lines,  interrupted  by  a  median 
longitudinal  band.  Ro  TMS.  ii.  pL  6. 
f.  11,  12.  Alive.  Europe.  Thames. 
(XI.  50, 51.^  Diam.  1-720".  Central  por- 
tion smootn,  ffranules  of  valves  more  di- 
stinct than  m  Z  Rhombus.  Distin- 
^ished  by  the  smooth  longitudinal  line 
m  a  latere  view. 

Z.  Bipons  (E.). — ^Frustules  laterally 
lanceolate,  with  acute  ends,  and  two 
smooth  median  constrictions;  granules 
delicate,  not  radiant  KSA  p.  139. 
Bermuda  deposit  Diam.  1-884".  Angles 
with  small  noms.  May  be  known  by 
having,  in  the  lateral  view,  two  trans- 
verse lines. 


Z.  st/Oiger  (R).—Frustuk6ki]7  alb- 
lose  ;  vidves  with  double  medias  txsr 
striction  of  the  side;  angles  pfodoRd 
into  long,  acute,  stilifonn  horns.  KSA. 
p.  139.  FossiL  Bermuda  deposit  Diun. 
1-1152".  "  Z  stiUger  may  be  a  species  rf 
Hemiaulus;  but  the  coiistrictio!uie8Ei&- 
ble  those  of  Biddulphia,  save  this  tker 
want  the  wide  MMrtures  of  the  borat 
(Ehr.). 

Z.  ttustraUs  (E.).— Frustoks  nnwth; 
horns  obsolete;  lateral  valve  tm;^ 
lanceolate,  with  conspicuous  pseodo- 
openings.  ESAp.139.  AntazdieSei 
lfeanLl-480". 

Z.  ?Circinus  (B.).— Pnistnlee  nrini^T 
and  decussately  punctate ;  lateral  Tah«f 
forminff  truncated  cones  without  {Re- 
cesses, out  each  having  two  1<»^*^ 
form,  bent  spines ;  lateral  view  S&fK. 
BC.  vii.  pL  1.  I  19,  20.  FossiL  Vb- 
ginia.  Characterized  by  the  conk  (HV- 
une  of  the  lateral  valves,  and  the  absott 
of  nrocesses. 

f.  Navicula,  EM  pL  19.  £  22.  FoboL 
Greece.  Lateral  valve  oUong,  ^ 
transverse  rows  of  dots,  a  transra^ 
smooth  median  band,  and  a  pseudo- 
opening  at  each  end. 

Z.  paradoxus  (R). —Smooth,  kte^ 
linear-oblong  with  rounded  &dAa.  Em. 
pi.  22.  f.  54.  =  SurirMt  paradom,  BL 
Caltanisetta,  SicUy.     1-676^. 

Z.  Sicuhis  (R).  — Smooth,  fcwr; 
laterally  rhomboid,  with  obtose  endg. 
EM  pi.  22.  f.  6S,=:SunreOa  rlimMdiS, 
EM.    FossiL    Sicily.     1-744". 

Z.  MobiHensis  (B  A  —  Pmstales  ^ 
drangular,  thin,  delicately  paDctMe* 
valves  with  sl^ider,  tapering  I^^ 
processes,  and  two  dig^t  inteniwfi«*c 
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pojeotions  anned  with  one  or  two  very 
long  filifonn  spines.  BC.  1860.  s^u/- 
A£hia  BaOeyUy  SBD.  ii.  p.  60,  pL  62. 
£  ^;  Ro  TMS.  viL  p.  12,  jL  1.  f.  5-9. 
America.  In  stomach  of  AscidisB.  HuU, 
Teignmouth.  (vi.  11.)  Frustules  fira- 
gile,  yellowish.    A  weU-marked  species ; 


there  is  no  central  projection  of  thevalyee, 
but  two  slight  elevations,  furnished  with 
one  or  more  bristles,  and  dividing  the 
margin  into  three  nearly  equal  portions. 
The  elevations  appear  situated  oetween 
the  processes,  but  are  really  placed  on 
opposite  sides. 


Genus  HEMLAULUS  (Ehr.). — ^FroBtoles  compressed,  subquadrate ;  fission 
perfect,  hence  not  concatenate ;  valves  without  lateral  constrictions,  each  with 
two  processes — ^that  of  the  one  side  (apparently  ?)  open,  the  other  closed.  The 
genus  has  the  habit  of  Biddulphia,  but  is  devoid  of  the  lateral  constrictions. 
It  has  the  form  of  a  Pandean  pipe.  As  the  valves  are  not  constricted,  the 
basal  angles  are  rectangular,  and  the  outer  margins  of  the  processes  (which 
are  generally  attenuated,  narrow,  and  elongated)  are  straight. 


H£MiAUiiUS  antarctieus  (E.). — Frus- 
tules strongly  granular ;  lateral  processes 
elongated,  oi  one  valve  truncate,  of  the 
other  elongated ;  a  short  median  rounded 
projection  between  the  processes.  £M. 
pi. 35.  A. 22. £16.  Antarctic  Sea.  (xi.54.) 
Diam.  1-1152".  Ghranules  in  parallel 
rows. 

H.  Pofycysimartim  (R). — ^Angles  ex- 
tended into  very  long,  narrow,  linear, 
horn-like  processes,  wmch  are  attenuated 
at  the  extremis,  and,  as  well  as'the  base, 
cellulose.  EM.  pL  86.  f.  43.  Barbadoes 
deposit    Between  the  processes  are  from 


one  to  three  slight  projections;  lateral 
view  oval,  bordered,  having  transverse 
bars  corresponding  in  number  to  the  de- 
pressions. 

H.  P  AwtraUB  rE.).— Valves  stronglv 
^pranulate;  lateral  processes  rounded, 
mtermediate  one  obsolete.  ESA.  p.  130. 
Antarctic  Sea. 

H.  P  CaUfomieua  (E.).— Valve  granu- 
late, having  a  subquadrate  base }  angles 
extended  into  linear  processes  without 
intermediate  projections.  EM.  pL  33. 13. 
f.  16.    In  Califomian  tripolL 


Genus  I8THMTA  (Ag.). —  Frustules  compressed,  trapezoidal,  cellulose^ 
attached,  cohering  by  short  neck-like  processes,  so  as  to  resemble  irregularly 
branched  filaments.  Frustules  always  more  or  less  oblique,  the  lower  angle 
of  eadi  prolonged  into  a  process  by  which  it  coheres  to  the  one  beneath,  and 
which  in  the  basal  frustule  forms  the  stipes  by  which  the  filament  is  attached. 
The  frustules  are  turgid,  and  the  reticulations  of  the  central  portion  smaller 
than  those  of  the  sides. 


IsTHMiA  enervis  (R). — Lateral  valves 
wi^  large,  somewhat  quadrate  cellules 
arranged  in  transverse  parallel  lines. 
=  a>fi/wTa  obUm/ttUa,  EB.  t  1869;  L 
obHqtwia,  Ag. :  J.  nervosa,  ESA.  p.  135 ; 
E  Sif.  p.  2TO,  pL  16.  £  6;  SBD.  h.  p.  52, 

fL  48.  Europe,  America,  Cape  of  Uood 
[ope,  &c.  ^  183w)  The  lateral  por- 
tions are  septurated  m>m  the  central  one 
by  rather  broad  lines,  produced  by  the 
junction  and  inflection  of  the  margins, 
and  which  form  intemallv  projecting 
plates  or  rims.  The  cellules  oordering 
the  sutures  are  somewhat  larger  than 
the  other  cellules  of  the  central  portion, 
but  less  remarkably  so  than  in  tne  next 
species. 

I.  nervosa  (KJ), — Lateral  portions  with 
pfyr*^lftl  transverse  cost®,  having  two  or 
more  series  of  hexagonal  cellules  in  each 
intervaL  s  Diatoma  obliqualum,  ^V^f^'  i 


L  obUquata,  R  ,*  7.  nervosa,  EA.  135 ; 
SD.  ii.  p.  62,  pi.  47.  Northern  shores  of 
Europe  and  America.  This  is  usually  a 
more  northern  species  than  /.  enervis. 
The  cellules  are  smaller,  except  a  series 
of  large  conical  ones  bordering  the  inner 
side  of  the  sutures,  and  the  firustules  are 
generally  not  so  wide  in  proportion  to 
their  length;  but  the  most  evident  di- 
stinction is  the  division  of  the  lateral 
portions  into  compartments  by  the  costn, 
which  often  anastomose. 

L  minima  (Harv.  &  R). — Central  por- 
tion very  finely  decussately  punctated; 
lateral  portions  granulated  by  lar^ 
cellules.  Proc.  of  Acad,  of  PhiL  Rio 
de  Janeiro  and  Sooloo  Sea. 

LP  Afneana  (E.).— Large  flat  frag- 
ments resembling  the  central  portions  of 
3i2 
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Isthmia^  marked  by  transverse  rows  of  I  ERBA.  1844,  p.  8S.   Diametef  cf  laiyt 
veiy    minute    cellules.     Oian,   Africa.  |  fragment  1-216". 

Genus  HYDROSERA  (Wallich). — ^Frustules  quadrate,  united  into  fila- 
ments, and  furnished  with  conspicuous  horizontal  bands  or  septa;  vahw 
cellulose,  compressed,  or  triangular,  with  internal  septa,  and,  on  one  side  onlj, 
with  minute,  aperture-like  appendages.  Marine.  Eilaments  elongated, 
attached,  compressed,  or  prismatic  Joints  rectangular,  oonneeted  at  t^ 
angles  by  mucous  cushions,  and  marked  by  bands  paswing  across  the  Tahts 
and  connecting  z<me.  In  ike  lateral  view  the  ends  or  ang^  are  aepaiatai 
by  septa.  Hydrosera  seems  allied  on  the  one  hand  to  the  Terpeinoen,  and  tm 
the  other  to  the  Biddulphiese  and  Anguliferese. 

triquetrous ;  yalres  triangnlar,  with  tbe 
subcircular  centre  diTidecl  from  the  o^ 
tuse,  somewhat  produced  angfes  by 
septa.  Wallich  MJ.  tL  p.  251,  pL  li 
f.  1-6.  East  Indies.  Front  view  witk 
four  transverse  bands ;  valvee  with  m- 
dulated  sides,  reticulated,  except  at  ^ 
angles,  which  are  furnished  with  a  few 
extremely  minute  spines  (vl  13.) 


Htdboseba  compressa  (Wallich). — 
filaments  compressed;  valve  oblong, 
divided  into  three  inflated  compartments 
by  two  transverse  septa.  Wallich,  MJ. 
VI.  p.  262,  pi.  13.  £  7-11.  East  Indies. 
Side  view  with  blank  angles^  occasionally 
furnished  with  a  few  mmute  spines. 
(VI.  8.) 

H.  triquetra  (Wallich).  —  Filaments 


FAMILY  XI.— ANGUUFEREJS. 

Fmstules  cellulose  or  granulate ;  in  lateral  view  angular.  This  fioailj  it 
closely  allied  to  Biddulphieee  (and  in  some  manner  connected  with  the  Goad- 
nodiscesB  and  Eupodiscese).  As  in  that  family,  the  lateral  portions  are  seen,  ii 
the  front  view,  having  the  central  portion  like  a  band  between  them.  HoMe. 
in  order  to  determine  their  proper  frtmily,  it  is  frequently  necessary  to  see 
them  laterally.  The  angles,  however,  in  the  front  view  are  usually  kn 
elongated,  and  the  intervening  margin  less  lobed  in  the  Anguliferes  than  in 
the  Biddulphieae. 

Genus  EUOBIA,  n.  g.  (Bailey,  MS.). — ^Fmstules  cellulose  or  granukte; 
in  lateral  view  lunate.  Euodia  agrees  with  the  EunotieflB  in  the  shape  of  its 
fmstules,  which  can  scarcely  be  called  angular ;  yet,  notwithstanding  ^ 
resemblance  in  form,  its  punctate  or  granvdate  siuface  induces  us  to  i^aee 
it  here. 


EuoDiA  gtbha  (Bai.  MS.). — ^Fmstules 
in  lateral  view  semilunate,  the  ends 
somewhat  conical,  the  lower  margin 
gibbose ;  surface  with  radiating  series  of 
minute  granules.  Recent  Gulf  Stream, 
^vni.  22.)  From  a  drawing  bjr  Pro- 
reesor  Bailey.  The  upper  margin  is  very 
convex,  the  lower  one  less  so.  A  con- 
traction near  the  obtuse  ends  makes 
them  appear  somewhat  produced  and 
conical.  Professor  Bailey  represents  the  , 
cross  section  as  ctmeate.  Oonwthecium 
anaitUs,  EM.  t  33.  18.  f.  4,  greatly  re-  | 


sembles  this  species,  and  may  be  iden- 
tical. The  upper  maigin,  howercr,  k 
represented  as  more  convex,  the  aids  kss 

E reduced,  and  the  granules  lazger  and 
i88  numerous. 

E.  ?  BrighiwdHL  —  Frustules  semihi- 
nate,^  ends  scarcely  produced,  lomer 
margin  concave:  granules  somewbit 
concentric  =  Tneeretiiwn  umidrimlarey 
Bri  MJ.  i.  p.  252,  pL  4.  t  2L  Bemnidt 
earth.  T.  oUutumy  EM.  ^l  IS,  i  49, 
may  probably  be  referred  to  this  epeaea. 


Genus  HEMIDISCUS  (Wallich).— Fmstules  free ;  valves  ceDulose,  treaate, 
with  a  ventral  marginal  nodule;  cellulation  hexagonal,  radiate.  Marine. 
We  doubt  whether  Hemidiscus  be  d^tinct  frt>m  Euodia,  since  the  only  di* 
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stinction  seems  to  be  the  marginal  nodule  of  the  former,- 
OTerlooked  by  Professor  Bailej. 


character  perhaps 


Hemidiscus  cuneifonms  0\'allich). — 
Valree  semilunate  ;  venter  with  a  mar- 
ginal TOW  of  pimcta,  and  alightly  ^bbous 
at   the   middle.      Wallich,  TMS.  Tiii 


L42,  pL  2.  f.  3,  4  Bay  of  Bengal  and 
lian  Ocean.  Cellulation  distinct, 
largest  at  the  centre.  Connecting  zone 
broadest  at  the  dorsum,    (yl  14) 


Genua  TRICEEATIUM  (Ehr.).— Frustules  cellulose,  free,  simple ;  in  lateral 
view  triangular  (rarely  with  four  or  five  angles).  This  genus  has  been  well 
illustrated  by  Mr.  Brightwell  in  his  excellent  monographs  published  in  the 
'  Journal  of  Microscopical  Science ; '  so  that  the  species  can  be  distinguished 
without  much  difficulty.  His  discovery,  in  more  than  one  species,  of  frustules 
with  four  or  even  with  five  angles,  shows  that  in  this,  as  in  several  other  cases, 
the  number  of  parts  do  not  afford  good  generic  distinctions.  We  were  inclined 
to  place  greater  reliance  upon  their  complete  fission ;  but  Professor  Bailey  in- 
formed us  that  he  had  met  with  catenate  specimens.  Mr.  Brightwell,  indeed, 
says  that  **  the  {nrojection  of  a  connecting  membrane  (central  portion)  beyond 
the  suture  of  the  valve,  which  is  one  of  the  characters  of  the  genus  Amphi- 
tetras,  is  not  seen  in  the  square  forms  of  Triceratium ; "  but  we  greatly  doubt 
the  validity  of  this  distinction.  ^*  One  of  the  difficulties  attending  the  study 
of  this  genus,  and  the  determination,  especially  in  the  fossil  forms,  of  the 
species,  arises  from  the  difficulty  of  obtaining  perfect  frustules,  and  examining 
them  in  their  front  aspect.  The  imperfect  frustules  present  only  the  end  or 
triang:ular  wall,  from  which  alone  no  perfectly  satisfactory  specific  character 
can  be  obtained  "  (Br.). 

The  descriptions,  unless  otherwise  specified,  apply  to  the  lateral  view  of 
the  frustules,  and  are  drawn  up,  with  few  exceptions,  from  Mr.  Brightwell's 
monographs. 


♦  Lateral  surfaces  dpinauB. 

Tbicshatiuic  spinomm  (B.). — Sides 
nearly  straight;  angles  prolonged  into 
hoam-like  processes;  granules  minute; 
spines  numerous ;  finont  view  constricted 
beneath  the  processes.  Silliman's  Jour- 
nal of  Science,  xlvL  pL  3.  t%szT,  sett- 
gerumjBC.  1864, pL  1. f.24j  T. armatum, 
Ro  MJ.  ±  p.  283:  T.  tridactylum,  Bn 
MJ.  L  p.  248,  pL  4.  f.  3.  Fossil,  Ame- 
rica; recent^  England,  Florida,  (vi. 
19.^  A  variable  species ;  its  numerous 
spines  and  somewhat  triradiate  form  beet 
distingmsh  it.  Larger  spines  are  often 
interspersed  among  uie  smaller  ones. 

T.  eon^paduni  (Bri.  MS.).  —  Spinous; 
front  view  constricted  beneath  the  some- 
what inflated  processes ;  central  portion 
bordered  by  a  series  of  large  cellules,  s 
T.  armaiumy  ft  Bri  M J.  iv.  p.  274,  pL  17. 
£.11.  Kecent  Australia.  Smaller  than 
T,  ^mtosunif  but  like  it  in  form,^  having 
a  spme  on  the  middle  of  each  side.  In 
the  front  view  it  is  very  difierent. 

T.  camferum  (Bii).  —  "  Sides  irregu- 
larly concave ;  angles  drawn  out  into  an 
extended  cone  with  a  short,  stout  horn 
near  each;  centre  of  frustole  convex, 


with  three  setae."  Bri  MJ.  iv.  p.  274, 
t.  17.  £  6.  Shell  cleanings.  The  mam- 
nuUate  angles,  giving  the  sides  a  waved 
appearance,  mark  the  species.  The  gra- 
nules are  not  radiant. 

T.  contortum  (Sh.^. — ^Angles  prolonged 
into  curved  hom-hke  processes;  spines 
in  three  radiate  double  rows,  terminating 
near  each  angle  with  a  long  bristle.  Sh 
TMS.ii.p.l5,pLl.£7.  Recent  NataL 
(vL  18.)  Well  distinguished  by  its  con- 
torted angles.    Sides  straight. 

T.  orhtculatum  (Sh.).-^ide8  convex ; 
angles  obtuse,  each  with  a  circular 
pseudo-nodule  accompanied  bv  a  spine ; 
granules  minute,  radiating.  Sn  TJVlS.  n, 
p.  16,pl.l.£6.  NataL  The  front  view 
shows  the  narrow  central  portion  marked 
like  the  lateral  portions,  which  are  large, 
not  constricted,  and  terminated  by  thiee 
truncated  cones.  Mr.  Brightwell  enter- 
tains no  doubt  as  to  the  identity  of  his 
specimens  with  Mr.  Shadbolt's  species ; 
yet  the  latter's  figure  has  no  spines,  uid 
ne  describes  "the  marg^  being  so  in- 
flated as  to  cause  the  triangular  outline 
to  approach  that  of  the  drde.'' 

T.  Marylandicum  (Bri.).— Sides  nearly 
straight,  with  rounded  angles,  without 
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peendo-nodoles ;  granules  minute,  radi- 
ating from  an  anfindar  umbilicus ;  spines 
few,  maivinaL  Bri  M J.  iv.  Pj276,  pi.  17. 
£  17.  Maryland  dejKmt  There  is  at 
each  angle  a  short  spine,  and  sometimes 
another  at  the  midole  of  each  margin. 
Professor  Bailey  reffards  this  species  as 
identical  with  T,  Amblyoceroi ;  but  we 
cannot  belieye  that  Elhrenberg  would 
have  omitted  so  remarkable  a  character 
as  the  angular  umbilicus,  nor  are  both 
species  found  in  the  same  deposit  We 
have  already  given  our  reasons  for  doubt- 
ing the  correctness  of  the  supposition 
that  Ehrenberg  founded  his  Symboh- 
phora  lyiniiatu  upon  this  species. 

T.  anrndahtm  (WallichV—Valve  mi- 
nute, with  slightly  proauced  rounded 
angles  and  concave  sides ;  surface  marked 
with  concentric  rings,  and  a  ray  proceed- 
ing from  the  centre  towards  each  angle. 
Ganges.  Wallich,  MJ.  vi.  p.  249,  pL  12. 
t  16. ,  Valves  covered  with  minute 
puncta,  aggregated  into  concentric  rings. 

2*  Lateral  murfaees  with  radiating  . 
vein-Uke  Une9, 

T.  radiatum  (Bri.).  —  Sides  straight; 
angles  obtuse ;  radiating  lines  most  evi- 
dent at  centre  and  nuugin;  granules 
minute,  radiating.  Br.  /.  e,  p.  275,  pL  17. 
f.  14  Barbadoes  deposit  Frustules 
large,  without  horn-like  processes. 

T.  marainatum  (Br.).  —  Valves  with 
a  triangular  centre,  which  is  surrounded 
by  a  broad  border  divided  into  compart- 
ments by  short  transverse  lines.  Br  M  J. 
iv.  p.  276,  pi.  17.  f.  13.  Fossil.  Sides 
straight,  angles  with  double  pseudo- 
nodules;  granules  of  centre  minute, 
radiating,  tnose  of  compartments  larger 
and  scattered. 

T.  venomm  (Br.).  —  Sides  concave ; 
angles  roundea,  surfiice  dotted,  and 
marked  by  three  radiating  pinnated  lines 
or  veins,  (vi.  17.^  Br  MJ.  v.  p.  274, 
pL  17.  f.  6.  Barbaaoes  deposit  A  very 
oeautiful  and  distinct  species. 

T.tah€Uarium(Sit.). — Maigin  indented 
in  foliaceous  curvatures ;  gpranules  nume- 
rous near  the  margin,  elsewhere  in 
patches;  angles  with  small  horns.  Br 
MJ.  iv.  p.  276,  pL  17.  £  16.  Honduras. 
This  species  is  well  distinfifuished  by  its 
ficoUoped  margin.  It  is  doubtful  whe- 
ther it  is  properly  placed  in  this  section.  • 

T.  variabile  (BtX  —  Surfece  with  a 
transverse  line  below  each  angle,  and 
some  irregular  radiating  veins ;  gnmules 
scattered,  indistinct  at  the  angles.  Br 
MJ.  iv.  p.  276,  pi.  17.  f.  19.      Peruvian 


guano.  Resembles  T.  aiteman$,  but  is 
larger  and  generally  distorted ;  the  angles 
are  conical  Mr.  Brigfatwell  figures  a 
quadrangular  form  of  uiia  species. 

T.  trumeatum  (Br.). — ^Angles  ekmgated 
into  broadly  truncate  arms,  centre  di- 
vided into  granulated  compartments  by 
radiating  vein-like    lines.      Br  MJ.  iv. 

274,  pL  17.  L  4  Baibadoes  eaith. 
tides  triradiate. 


p.  274 
Frusti 


3*  Lateral  surfaces  with  transverse  HMts 
separating  the  angles  from  the  hexagotui 
centre* 

T.  hrathiatum  (Br.). — ^Tiiiadiate ;  sn- 
gles  elongated  into  truncate  aims,  and 
separated  from  centre  by  transverse  linea 
BrMJ.iv.p.274;pL17\£:8.  Barbadoes 
earth.  DLstinguisned  by  its  angles  pro- 
longed into  ra^s.  It  resembles  T,  tnm^ 
catum  in  form,  but  is  smaller,  and  has  do 
radiating  veins. 

T.  altemans  (BaL\  —  Sides  strught, 
angles  obtuse,  granulated  like  the  bna- 
ffonal  centre.  SBD.  L  p.  26y  pi.  5.  £  45. 
Conmion,  recent  and  roesiL  England, 
United  States  guana  (vi.  21.)  Front 
view  quadrate,  not  constricted ;  the 
angles  not  prolonged  into  processes. 

T.  trisulcum  (&i.  MS.).  —  Sides  voy 
concave ;  angles  broadly  rounded,  sepa- 
rated from  centre  by  transverse  liiKs; 
granules  crowded  and  very  minute  at 
angles,  elsewhere  few,  large,  and  scat- 
tered, (vin.  27.)  From  a  drawing  by 
Professor  Bailey.  Gulf-stream  sheUs, 
W.  Indies.  This  species  may  be  known 
by  its  distant  granules. 

T.  casteMatum  (West).— Sides  of  the 
frnstule  deeply  concave ;  angles  forming 
segments  of  cirdea  Valves  with  con- 
cave sides  and  rounded  angles,  fcmnii^ 
dome-shaped  eminences;  surface  punc- 
tate, with  a  single  row  of  larger  puncta 
along  the  opposed  margins.  West,  TMS. 
viiL  p.  148,  pi  7.  £  3.  Barbadoes  deposit 
(vra.  29.) 

T.  JbAfwom  (Ralfe,n.s.).— Valves  with 
roimded  angles  and  concave  sides,  snr^ 
face  with  scattered  granules^  and  a  large 
granulated  space  at  the  angles,  separated 
by  a  transverse  smooth  Mnd;  manin 
with  a  few  short  lines.  Baibadoes  de- 
posit Johnson.  Valves  large,  with 
conspicuous  granules,  which  are  few  at 
the  centre,  and  more  numerous  near  the 
mai^gin ;  each  side  with  a  few  short  striie 
like  those  figured  by  Mr.  Brigfatwdl  in 
T.  taheUarium,  but  the  margin  itself  is 
not  undulated. 

T.  umhQicatum  (Ralfft,  n.s.).  — Vahf* 
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th  broadly  rounded  angles  and  deeply 
luated  ffldee,  triangular  smooth  um- 
licus,  radiant  series  of  close  granules^ 
id  a  large  punctate  space  at  each  an- 
e.  SarMdoes  deposit.  Johnson.  This 
i^  and  beautiful  species  is  distin- 
iiflhed  by  the  sinuated  sides  and  tri- 
igular  iimbilicus  of  the  yalves.  Gra- 
uies  conspicuous  and  dense,  appearing 
oth  radiant  and  concentric  The  large 
[i^les  are  separated  by  indistinct  trans- 
erse  lines,  and  appear  smooth  or  granu- 
ited  according  as  they  are  more  or  less 
0.  focus,  and  mey  have  a  central  round 
pot  (probably  a  process^  and  striated 
oargin.  This  species  differs  from  T. 
'otteUatum  in  a  distinctly  radiant  ar- 
-anffement  of  the  granules  and  a  smooth 
unbilicus. 

T.  meaasianmm  (E.). — Sides  straight ; 
uifrles  obtuse,  with  pseudo-nodules,  and 
separated  by  transverse  lines  from  the 
hexaffonal  centre.  £M.  nl.  85.  In  jfuano. 
SmaU,  somewhat  resembling  T.  Eettcubsm, 
but  differing  in  its  pseudo-nodules  and 
hexagonal  centre. 

4*  Sides  in  lateral  view  gibbom  or  un- 
dulate (anples  without  pseudo-nodulea ; 
cellules  mmute). 

T.  undulatmn  (R).  —  Sides  sUjghtly 
convex,  undulated;  granules  minute, 
radiating.  BrMJ.  i.  p.  250,  pL  4  f.  13; 
ERBA.  1840,  p.  278.  FossiL  Bermuda 
and  Virginian  deposits. 

T.  BriglUwtm  (West).  —  Sides  of 
valves  undulate,  slightly  convex,  or 
straight;  granidee  minute,  radiating 
from  the  centre,  from  which  proceeds  a 
spine  of  considerable  length ;  margin  of 
valve  closely  set  with  short  spines,  a  T. 
tmdukaum,  Br  M  J.  vi.  p.  154,  pL  8. 
f.  1-5,  8 ;  West,  TMS.  vii£  p.  140,  pi.  7. 
1 6.  Var.  ^  with  4  angles.  In  Noctilucse. 
England.  The  discovery  of  this  and  the 
foUowing  species  in  a  living  state  has 
explained  the  appc^urance  of  the  central 
pseudo-nodule,  which  has  proved  to  be 
the  remains  of  a  long  horn  or  spine. 

T.  intricaium  (West).— Sides  of  valves 
undulate;  angle  acute  and  slightly  pro- 
duced ;  centre  tumid ;  granules  in  Imee, 
radiating  from  the  centre,  scarcely  dis- 
cernible ;  pseudo-nodule  apparent  a  T. 
Mlriolatum  f,  SBD.  i.  p.  27,  pi.  5.  f  46 ;  T. 
undulatum,  Bri.  I  <?. :  West,  TMS.  viii. 
p.  148,  pL  7.  £  5.  This  species  in  its 
Uving  atate  forms  short  filaments  united 
in  a  distant  series. 

T.  striolatum  (E.).  —  Sides  convex, 
slightly  undulated;  angles  attenuated, 
enduig  in  minute  papiUie.     KB.  t  18. 


f.  10. = T,  membranaceum,  Br  M  J.  ipL  4. 
f.  15.  Thames  mud,  Cuxhaven.  Walls 
of  the  fnistule  extremely  delicate,  dotted 
over  with  very  minute  cellules. 

T.  Parmula  (Br.).  —  Sides  gibbous, 
with  produced  mammiform  angles ;  sur- 
&ce  minutely  pimctated.  &MJ.  iv. 
p.  275,pL17.  f.2.  NataL  Var.  ^  with 
4  angles.  West,  TMS.  viil  p.  147,  pi.  7. 
f.  1.  Frustules  minute,  in  outline  re- 
sembling a  shield. 

T.  Americana, — Sides  convex,  slightly 
undulated;  angles  rounded;  c^ules 
minute.  =  T.  AnMyoceros  P,  Br  M J.  i. 
p.  250,  pi.  4.  f.  14  Fossil.  Richmond, 
Virginia.  The  rounded  angles  without 
appendages  distinguish  this  species  from 
the  others  in  this  section. 

T.  tnargaritaceum  (Ralfe,  n.  s.).  — 
Valves  with  rounded  angles,  and  straight 
or  slifi^htly  convex  sides;  surface  with 
conspicuous  pearly  granules,  which  are 
scattered  at  a  tnradiate  central  space, 
and  arranged  in  radiating  lines  at  the 
margin.  Barbadoes  deposit  Johnson. 
The  valve  b  bordered  by  a  row  of  larger 
granules  j  and  only  a  narrow  inconspicu- 
ous terminal  portion  of  the  angles  appears 
smooth. 

T.  gibbosum  (Harv.  &  Bail.).— "Almost 
inflato-globose,  the  sides  very  convex, 
angles  prominent ;  surface  marked  as  in 
T.  (TOftcortim."  Small.  Proc.  of  Acad, 
of  Nat  ScL  Philadelphia,  1858.    Tahiti. 

5*  JFhtsiules  not  spinous,  sulc€tte,  veined, 
nor  undulate, 

t  Cellules  large,  hexagonaL 

T.  Favus  (K).  —  Sides  straight  or 
slightly  convex;  angles  obtuse,  with 
hom-like  processes;  surface  reticulated 
with  large  hexagonal  cellules,  (xi.  48, 
44)=r.mMra«<omiim,BrMJ.  Lpl.4.  f.7?; 
T.  JwUniitum,  WaUich  MJ.  vi.  p.  247, 
pi.  12.  t  4r-9.  Recent  and  fossil,  not 
uncommon.  Diam.  1-200"  to  1-150". 
Front  view  with  the  central  portion  mi- 
nutely punctated,  the  lateral  portions 
scarcely  constricted  beneath  the  short 
stout  processes.  Mr.  Brig^htwell  figures 
a  quaorilateral  form  of  this  species  with 
concave  sides. 

T.  serratum  (Wallich).— Valves  (Qua- 
drilateral) furmshed  with  a  horn-like 
process  at  each  angle,  and  firom''4  to  6 
elongated  scattered  spines,  with  furcate 
apices ;  sides  or  plates  of  connecting  zone 
joined  by  dovetwled  margins.  Wallich, 
MJ.  vi.  p.  248.  pL  12.  f.  1-3.  St  Helena. 
Connecting  zone  as  well  as  valves  marked 
with  a  ddicate  but  well-defined  hexa- 
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gonal  areolation.  This  species  is  re- 
nuurkable  chiefly  for  the  peculiar  struc- 
ture of  its  connectiiig  zone,  the  plates 
haying  their  communicating  margins 
serrated  so  as  to  fit  into  each  other. 

T.  grande  (Br.). — Sides  c(myex: 
angles  attenuated,  obtuse;  hexagonal 
ceUules  numerous.     Diam.  1-100".    Br 


MJ.  i.  p.  240,  pi.  4.  £  a  T,  orientale, 
Harv.  &  Bail.  L  c,  Indian  Seas,  Min- 
danao.    ''  The  largest  and  stoutest  spe- 


cies of  this  genus^*  (Br.).  The  descnp- 
tions  do  not  suffice  to  distinguish  this 
species  from  large  specimens  of  T.  Favus, 

T.  muncatum  (Br.), — Sides  straight; 
angles  ending  in  a  stout  horn-like  pro- 
cess ;  ceUules  large,  hexagonaL  Br  M  J.  L 
p.  249,  pi.  4.  f.  6.  From  the  deanings  of 
shells.  A  minute  species,  distinguished 
by  its  pointed  angles.  Front  yiew  nearly 
square,  with  the  central  portion  smooth, 
and  the  lateral  ones  turgid  between  the 
prominent  processes. 

T.  oceQatum  (£.). — Sides  slightly  con- 
caye ;  angles  attenuated,  obtuse ;  cellules 
unequal,  large,  hexagonal  in  the  centre, 
padually  becoming  smaller  at  the  sides, 
m  no  distinct  order.  ESA.  p.  141. 
Mouth  of  Riyer  Tenasserim,  India. 

2t  Lateral  surfaces  with  three  pseudo- 
nuclei,  not  situated  at  the  angles. 

T.  actdptum  (Sh.).  — Sides  straight; 
angles  prolonged  into  conical  pomts; 
granules  scattered;  surfiEice  with  three 
circular  pseudo-nuclei,  one  opposite  the 
middle  of  each  side.  Sh  MT.  ii.  pL  1. 
f.  4  NataL  In  form  this  species  some- 
what resembles  T.  acutum)  but  its  pseudo- 
nuclei  are  eminently  characteristic. 

8t  Frustules  triradiate,  with  yery 
concaye  sides. 

T.  5b/«k)cerM  fE.).— Triradiate,  with 
deeply  concave  sides;  angles  prolonged 
into  long,  linear,  obtuse  arms;  cellules 
radiating.  Br  MJ.  i.  p.  248,  pL  4.  f  1. 
Bermuda  earth,  (vi.  15.)  This  species 
difiers  from  every  other  by  its  long  linear 
rays,  which  have  neither  pseudo-nodules 
nor  processes. 

T.  Pileu8  (E.).— Somewhat  triradiate, 
with  veiy  concave  sides ;  angles  tapering, 
obtuse,  with  pseudo-nodules;  cellules 
minute,  radiating.  EM.  pi.  19.  f.  18.=»  I! 
5racAw>^crftiw,  BrMJ.  LpL4f:2.  Fossil^ 
Greece;  recent,  New  Zealand.  Mr. 
Brightwell  refers  his  T.  bracMaUrtum  to 
the  next  species. 

T.  POeohta  (E.).  —  Somewhat  trira- 
diate, with  very  concave  sides ;  angles 


produced^  obtuse,  with  paeudo-nodoles; 
cellules  small,  scatterecL  EM.  pL  36  a. 
21.  f.  17.  a  T.  obiutum,  Br  MJ.  iv. 
pL  4  £  20.  Antarctic  Ocean, 
iinbles  T.  ISleu$  in  form,  but  is 
smaller,  and  its  cellules  are  scattered. 

4t  Frustules  not  triradiate;  angles  with 
pseudo-nodules,  or  minutefy  punc- 
tated. 

T.  concacum  (Harv.  &  Bail).— Sidn 
very  concave ;  angles  rounded,  minutdv 
punctated;  cellules  of  centre  arranged 
m  simple  and  forked  radiating  li^s. 
H.  &  R,  Trans,  of  Acad,  of  PhiUdelphis, 
1853.    Tahiti 

T.  Walkehu  (Balfs).  —  Valvea  with 
minute  radiate  areolation^  a  row  of  mar- 
ginal puncta,  and  a  mmute  horn-like 
process  at  each  angle.cBT.  putuiaimmy 
Wallich,  TMS.  viiL  p.  48,  pL  2.  £  21. 
India^  Atlantic 

T.  arcticum  (Bri.).  —  Valves  with 
slightly  convex  or  straight  sides ;  areo- 
lations  small,  but  distinct,  radiating  in 
lines  from  the  centre,  and  becoming  mi- 
nute at  the  angles,  which  are  rounded 
and  slightly  inflated.=  7l  Wiikettty  var. 
fi,  with  4  angles ;  AmpkitHras  WiOeeau, 
Bri  MJ.  in.  250,  pL  4  f.  11;  Ro  TMa 
yiiL^  p.  6o.  BecM^ey  Island,  Aittie 
Regions;  Pugefs  Sound,  Vancouvei's 
Islfmd ;  and  Monteiy  stone.  The  ^eci- 
mens  obtained  from  Vancouver's  Island 
have  proved  that  Trioeratium  has  been 
erroneously  considered  a  free  fonn,  and 
that  its  proper  position  is  with  Amphi- 
tetras  and  Bidaul^hia;  the  specimens 
alluded  to  show  it  attached  to  Zoo- 
phytes, and  the  friistules  connected  at 
the  angles  by  a  short  stipes  or  cushiooy 
exactly  like  Amphitetras. 

T.  iiofUereyii  (Br.\ — Sides  concave; 
angles  rounded,  witn  pseudo-nodules; 
ceflules  minute^  largest  in  the  centre, 
which  is  much  inflated.  Br  MJ.  L  p.  251, 
pL4£8.  FossiL  Monterey  Bay.  This 
species  is  easily  distinguished  man  T. 
arcUcum  by  its  central  boss  and  larger 
cellules. 

Tpunctatum  (Br.).  —  Sides  straight; 
cellules  large,  puncta-like,  scatt^ed, 
smaller  at  the  rounded  anglee.  Br  MJ. 
iv.  p.  276,  pL  17.  £  la  Arctic  Regions. 
(VI.  20.) 

6t  Angles  without  pseudo-nodules 
T./ormosum  (Br.).  —  Sides  alightiy 
concave;  angles  obtuse,  without  pseudcn- 
nodules;  celmles  very  minute,  somewhat 
radiating.  Br  MJ.  i.  p.  250,  pL  4  £  la 
Shell  clesmngB  from  Ju^fpopw  maemUftms. 
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Mjt.  Biigfatwell  finds  this  spedes  Tarjing, 
^th  four  and  five  angles.  The  front 
vie^w^  is  quadrate,  not  constricted^  the 
anglee  produced  into  conical  processes, 
between  which  the  margin  is  nearly 
stivug^ht. 

T.  etmdecormn  (JL), — Sides  straight 
or  sligfatiy  convex,  with  obtuse  angles ; 
cellules  Teiy  minute,  diverging  in  curved 
series.  Br  MJ.  i.  p.  260,  pi  4  £  12. 
Foesil.    Bermuda. 

T.  oUumm  (E.). — Sides  very  convex; 
an^es  rounded,  without  pseudo-nodules ; 
celliiles  circular,  scattered.  £M.  pL  18. 
£48,49.    Viigbia. 

T.  Ambfyoeeroa  (EL). — Sides  concave  j 
angles  broadlv  rounded^  without  pseudo- 
nodules;  ceUules  inmute|,  somewhat 
radiating.  £M.  pL  IS,  t  51.  Viiginia. 
Thifi  species  has  more  rounded  angles 
and  smaller  cellules  than  T.  obUuum, 

T.  Setiatlum  (K).— Sides  straight; 
anffles  subacute, without  pseudo-nodules ; 
ceUules  minute,  numerous.  EM.  pL  18. 
£  50.  Fossil,  America;  recent  from 
dieU-deanings.  Front  view  with  a  nar- 
row, smooth  central  zone:  lateral  sur- 
hcee  not  constricted  beneatn  the  slightly 
prominent  angles. 

T.  acuium  (£. ). — Sides  nearly  straight; 
angles  elongatea  into  points :  cellules  not 
radiating.  Br  MJ.  i.  p.  251,  pL  4  f.  16. 
Bermuda.  7!  acutrnn  is  somewhat  tri- 
radiate  from  its  acuminated  angles. 

Doubtful  or  inm^fficienUy  known  Species, 

T.  $cituhtm  (Br.^. — ''A  small  species, 
but  varying  in  size.  On  some  of  the 
frustules  I  have  reckoned,  on  an  end 
view,  about  45  cells  only;  sides  very 
slightly  convex;  angles  open.  Diam. 
1-360"."  Br  MJ.  L  p.  26(^  pi.  4  f.  9. 
Indian  Ocean.  Varies  with  four  sides. 
Except  in  its  smaller  size,  we  see  not  how 
this  species  differs  from  T.  Fama, 

T.  Afrieanum  (E.).  —  Sides  convex ; 
angles  rounded :  cellules  large,  in  radi- 
atmg  series.  EM.  pL  85  b.  19.  f.  1. 
Recent.  West  Africa.  In  form  resem- 
bles T,  chtusum, 

T.  coff^ptwn  (R). — Sides  straight,  and 
bsTing  a  marginal  fringe;  angles  pro- 


longed into  short,  stout  spines;  cellules 
large,  hexagonaL  Ho  M J;  u,  p.  283,  f.  2. 
England.  ''The  cellular  markings  are 
asEurge  as  in  7.  Favusj  and  I  am  rather 
doubtful  whether  it  may  not  be  a  young 
form  of  that  species ;  but  the  length  of 
the  processes,  and  fringe-like  row  of  cells 
at  tne  margin,  appear  to  give  it  a  di- 
stinctive character^'  (Roper). 

T.  crassum  (Sh.).  —  "Much  smaller 
than  T.  conUnium,  Is  characterized  by 
the  reticulations  being  coarse  and  irre- 
gular in  form,  and  the  horns  very  large 
as  compared  with  the  size  of  the  valve.'* 
Sh.  inTMaii.  p.15.    Natal. 

T.  hyalinum  (Br.).  —  '*  Small,  trans- 
parent, surfieuie  with  very  minute  dots  or 
cellules:  sides  regular  and  straight" 
Br  MJ.  IV.  p.  275,  pL  17.  f.  16.  BarbSoes. 
s7.  Reticulum, 

T.  arcuaiMm.  —  ^  TMS.  ii  pi.  1.  f.  6. 
Natal.  The  figure  resembles  that  of  T, 
PHeus,  but  wiuiout  pseudo-nodules.  It 
is  probably,  however,  the  same. 

T.  exiguum  (Sm.). — ^Triradiate ;  angles 
elongated  into  linear  tnmcated  pro- 
cesses; cellules  very  minute,  scattered. 
SD.  iL  p.  87;  Br  MJ.  iv.  p.  274,  pi.  17. 
f.  1.  Fresh  water.  Ormsby,  Norfolk. 
(VI.  140 

T.  Pentacrmua  (Wallich).  —  Valves 
slightly  convex,  with  5  angles,  with 
a  uiort  hom  at  each  angle.  Surface 
spinous,  divided  into  compartments  bj 
anastomosing  lines  or  costss,  which  radi- 
ate irregulany  from  the  centre.  Var.  /3 
with  4  angles,  y  with  6  angles.  'W'allich, 
MJ.  vi  p.  251,  pL  1271  10-14.  St. 
Helena.  We  scarcely  see  how  this  form 
differs  from  AmphUetrae  omata  of 
Shadbolt 

T.  dubktm  (Br.).  —  Valve  minute, 
dypeate,  with  6  angles,  the  lower  one 
much  produced;  sur&ce  of  valve  coarsely 
punctate.  Br  MJ.  vii.  p.  180,  pL  9. 
f.  12.  Mauritius,  Califomian  ^ano, 
India.  ''  We  place  this  form  (which  is 
not  of  unfrequent  occurrence)  provi- 
sionally among  the  Triceratia.  It  pro- 
bi^ly  forms  the  type  of  a  new  genus  *' 
(Br.  I  c), 

T.  MaUeu»^  Br  MJ.  vi.  p.  164,  pL  a 
t  6.    Not  Diatomaceous  F 


Genus  AMPHITETEAS  (Ehr.).  —  Frustules  cellulose,  cubiform,  cohering 
into  a  xigzag  attached  filament ;  in  lateral  view  quadrangular,  with  a  pseudo- 
opening  at  each  angle.  Since  Mr.  Brightwell's  discovery  of  quadrangular 
sUtes  of  Triceratiiim,  the  only  remaining  distinction  between  that  genus  and 
the  present  is,  that  in  this  the  frustules  form  catenate  attached  filaments ; 
bttt,  according  to  Professor  Bailey  (as  already  noticed),  even  this  character  is 
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not  confined  to  Amphitetras.  Professor  Smith,  indeed,  ranarks,  '*  The  ^o- 
jection  of  the  connecting  membrane  beyond  the  suture  of  the  Talve  b  a  cir- 
cumstance which  meets  us  for  the  first  time  in  Amphitetras ; "  but  we  bdieve 
that  this  occurs  in  every  genus  in  which  the  new  portions  of  the  diyiding 
frustules  are  formed  within  the  persistent  central  portion,  and  in,  this  respect 
there  is  no  perceptible  difference  between  Triceratium  and  Amphitetras.  As 
some  species  have  been  placed  in  Amphitetras  solely  on  account  of  their 
quadrate  form,  the  correctness  of  their  position  is  consequently  not  finee  from 
doubt. 


AMPHrrsTRAS  antedthmana  (R). — 
Lateral  view  with  straight  or  concave 
margins ;  angles  rounded,  each  with  an 
apparent  opening ;  cellides  large,  radiat- 
ing, and  concentric.  Living,  Denmark, 
England,  America,  &c ;  fossil,  Gran, 
Greece,  (xi.  21,  22.)  A,  tesseUata, 
Sh  TMS.  iL  ^,  sides  very  concave; 
the  cellules  on  ^e  central  portion  are 
smaller,  and  arranged  in  longitudinal 
lines. 

A.  AdriaUca  (EL), —  ''Lateral  view 
quadrate;  cellules  radiating  and  con- 
centric; primary  sides  pltme."  ESA. 
p.  134    Adriatic  Sea. 

A.  paraUda  (E.). — Cellules  in  lateral 
view  larffe,  arranged  in  parallel  lines. 
FossiL    Greece. 

A.  erudfera  (Eitton,  n.  sp.). — ^Valves 
punctate,  and  marked  by  a  line  passing 
firom  the  centre  to  each  angle.  Front 
view  deeply  constricted  on  either  side  of 
connecting  zone.  Valves  minute,  with 
slightly  convex  sides,  and  produced 
mammiform  angles.  Cleanings  of  shells 
from  West  Indies.  Distinguished  by 
the  cruciform  lines  of  the  valve,  which 
taper  from  the   centre  to   the  angles. 


where  they  terminate  in  point&  We 
have  seen  4  or  6  frustules  ccmnected  bf 
the  angles. 

Doubtful  or  imperfecUy  known  Sjfcda, 


A.  omata  (Sh.).— <<  Size  small, 
gins  concave,  and  fold^  so  that  eadi 
valve  is  not  unlike  in  form  to  a  col- 
legian^s  cap;  surface  somewhat  inm- 
lauy  ornamented  with  delicate  vein-uke 
markings."  TMS.  iL  p.  16,  jO.  L  £  la 
Natal.  Vap.  /3.  with  5  angles,  (vm.  16.) 
This  is  probJEibly  a  state  of  some  vdaed 
species  of  Triceratium. 

A./avo9a  (Harv.  &  BaiL).— "Sdes 
scarcely  concave ;  lateral  view  qaadmi- 
gular;  angles  almost  straight^  scarerij 
produced;  surface  tessellated  ¥rith  laige 
nexagonal  cellules."  Proc  of  Acid,  d 
Philadelphia,  1853.    MinHanim^ 

A.  Crux  (Bri.).  —  Valves  cmcifeiiB, 
with  the  angles  widely  rounded ;  smftoe 
coarsely  punctate.  Cleanings  from  didb, 
West  Indies;  Califomian  guano.  Bn 
JMS.  vii.  p.  181,  pL  9.  f.  la  This  bmt 
be  a  4-anned  var.  of  IHeergtmm  eadJ- 
latum  or  T.  trisuleum. 


Genus  AMPHIPENTAS  (Ehr.).— Frustules  free,  simple,  cellulose  ot  gra- 
nulate, pentagonal.     Probably  pentagonal  forms  of  Triceratium. 


AicPHiPENTAS  aUemam  (E.). — Sides 
concave;  angles  obtuse;  the  angles  of 
the  external  pentagon  alternating  with 
those  of  a  smaller  central  one,  which  has 
a  circular  umbo  at  its  middle.  KA. 
p.  134 ;  EA.  p.  122,  pi.  2. 6.  f.  9.  Cuba. 
(XI.  32.) 

A.  Pentacrimts  (R). — ^Pentagonal ;  its 
dorsal  surface  presenting  a  striated  ring. 
Diam.  1-240".  KA.  p.  134.  FossS. 
Greece.    Fragments  like  Amphitetras. 


A,Jlexuo9a  (R  MS.).  — Sides  four  or 
five,  gibbous;  angles  conical;  sm&ce 
flat;  cellules  hexagonal,  covered  bj 
minute  puncta.  Guif-stxeam.  (vl  2i) 
From  orawings  by  Professor  Bailey. 
^^  Under  a  low  power,  the  maikuigs 
appear  circuhu^  as  represented  in  t& 
figures"  (R).  The  mar^^fins  are  undulated 
in  conse<][uence  of  their  gibbous  projec- 
tions, as  in  lyicercttiutnParmula^  and  mc^ 
be  4-  and  5-angled  fonna  of  that  s 


FAMILY  Xn.— TERPSINOEJS, 

Frustules  quadrangular,  smooth,  compressed,  furnished  with  unequal  i 
verse  costse  or  incomplete  septa  interrupted  at  the  middle.     We  have  sepa- 
rated this  small  group  from  StiiatellesD  because,  notwithstanding  the  great 
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external  resemblance  of  their  solitary  frastoles,  we  believe  them  to  differ 
eBScntially  in  stractore.  In  Striatelleffi  the  septa  are  longitudinal,  and  divide 
the  central  portion  into  chambers.  In  TerpsinoesB  they  are  transveise  and 
confined  to  the  lateral  portions,  which  appear  in  the  front  view  as  in  Biddul- 
pliie«.  The  relation  of  Terpsinoeaa  to  the  latter  was  pointed  out  by  Mene- 
ghini.  The  smooth  frustules  and  straight  lateral  margins  without  processes 
disting^iiish  the  Terpsinoesd. 

G^enns  ANAULUS  (Ehr.). — ^Frostules  simple,  subquadrate,  smooth ;  septa 
lateral,  unequal,  not  thickened  at  their  extremities;  lateral  view  oblong. 
Anaulus  resembles  Biddulphia,  but  its  costae  or  septa  are  unequal,  and  it  has 
no  tubular  processes.  A  genus  of  MoUusks  has  been  also,  but  more  recently, 
called  Anaulus. 


Anaulub  seaUtris  (K\  —  Turgid  in  j 
the  young  state;  but  wnen  full-grown 
verv  wide  and  much  flattened,  having 
4,  o,  8,  or  14  lateral  constrictions ;  late- 
rally oblong  with  transverse  bars,  giving 
it  a  ladder-Bke  appearance.  EM.  pLd5A. 
22.  1 1,2.  AntarcticSea.  Diam.  1-480" 
to  l-ldO".  The  lateral  valves,  in  the 
front    view,  have  undulated   margins, 


caused  by  the  constrictions,    (vm.  37.) 

A.  Campylodiacua  (E.).  —  Quadrangu- 
lar ;  each  valve  very  much  compres^d, 
triangular,  with  obtuse  angles,  and  hav- 
ing laterally  two  slight  constrictions. 
Bermuda.  Diam.  1-372".  It  has  the 
habit  of  an  unequal-sided  Triceratium  or 
of  a  Oampylodiscus. 


Genus  TEBP8IN0E (Ehr.). — Erostules  concatenate;  oostSB  unequal,  capi- 
tate, curved  so  as  to  resemble  musical  notes.  <<  If  we  imagine  a  series  of 
frrostules  of  TabeUaiia  joined  together,  not  laterally,  but  the  head  of  one  to 
that  of  another,  or  in  the  direction  of  breadth  instead  of  length,  we  shall 
form  the  most  just  idea  of  this  genus  "  (Ehr.).  The  capitate  coetsB,  which 
in  their  form  so  greatly  resemble  musical  notes,  distinguish  Terpsinoe  from 
every  other  genus. 

We  unite  Tetragramma  with  Terpdnoe,  as  Professor  Bailey  finds  the 
"  music-like  notes"  vary  in  number  from  two  to  at  least  eight  on  a  side, 
and  does  not  consider  their  number  even  specifically  important. 


TsBPSiKOfi  tmuiea  (R).  —  Frustules 
finely  punctated,  with  two  or  three  trans- 
verse bands,  l^e  lateral  valves  having 
costse  in  each  division ;  lateral  view  ob- 
long, showing  two  or  three  inflations  and 
narrower  rounded  ends.  EA.pL3.4f.l; 
RabD.tlO.  America,  Africa,  (xi.  47.) 
Frustules  with  fineljr  punctated  lateral 
pordons,  between  which  the  central  zone 
Hiaving  two  puncta  at  each  end)  appears 
Uke  aDand.  Two  or  three  bars  cross 
lateral  and  central  portions  from  one 
lateral  margin  to  the  other,  and  divide 
them  obscurely  into  compartments.  The 
lateral  view  has  the  margins  sinuated, 
from  constrictions  corresponding  with 
the  transverse  bands. 

T.  Ameruxma  (Bailey).  —  Frustules 
quadrangular,  resembling  those  of  T, 
muneoyhvLt  smaller,  more  minutely  punc- 
tate, with  two  transverse  bars  ana  two 
costs  in  each  lateral  valve.  =  Tetra- 
gramma Americana,  BaiL  Smithsonian 
Contr.  1853,  p.  7.  1 1.    As  in  T.  mutica, 


the  cost»  resemble  notes  of  music,  but 
are  confined  to  the  central  compartments 
of  the  valves.  In  the  lateral  view  it 
resembles  the  preceding  species,  but  has 
fewer  cross-bars. 

T.  Indica  CK,  Kutz.\  —  Frustules 
subquadrate  (catenated  r),  compressed, 
two  or  four  times  constricted;  lateral 
valves  densely  granulate,  central  portion 
smooth,  with  two  puncta  at  eacn  end ; 
median  costie  dilated  at  the  end.  KSA. 
p.  119.  ss  Anauhu  Indicus,  E.  India, 
frequent. 

T.  Javanenns  (EM.  pi.  34. 8.  f.  16).  — 
The  figure  resembles  T.  musica ;  but  the 
central  portion  is  marked  by  longitudi- 
nal lines,  which  converge  at  each  end. 

Sj^eeiea  known  to  us  ofdy  by  name, 

T.  Asiatka^  Asat^saTeirafframma  Ati- 
atica,  K 

T.  Japoniea  (R),  Japan. 

T.  Austrahg  (K.),  Sandwich  Islands. 
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Africa. 
T.  BrastUenm  (R).— Music-like  marks 


yery  smalL    According  to  Ehreobez;^  it 
f^proaches  T.  numca  in  form.    Bram. 


Genus  PLETIRODESMIUM  (Kuiz.).  —  Frustules  compreesed,  connected 
in  &scia-like  filaments  by  short  thread-like  processes ;  lateral  portions 
punctated  and  furnished  with  music-like  marks,  the  hyaline  central  smoo&er 
portion  forming  a  band  between  them. 

Although  Pleurodesmium  was  placed  by  Professcn:  Eiitzing  in  a  difierent 
family  from  Terpsinoe,  yet  these  genera  appeared  to  us  so  closely  allied  that 
we  found  it  difficult  to  distinguish  them, — a  difficulty  experienced  also  by 
Mr.  Tuffen  West  on  examining  an  authentic  specimen  of  Pleurodesmium 
given  us  by  our  valued  friend  M.  de  Br^isson,  which,  however,  was  unfor- 
tunately not  in  a  condition  to  afford  a  satisfactory  examination. 

The  frustules,  as  in  Terpsinoe,  agree  with  the  Biddulphieaa  in  having  the 
lateral  valves  largely  developed  and  entering  into  the  front  view ;  they  are 
furnished  with  costse,  enlarged  at  the  ends  and  resembling  notes  of  music. 
M.  de  Br^isson  thinks  this  genus  very  distinct,  the  frustules  being  connected 
in  straight  series  by  thread-like  points  of  attachment  proceeding  from  the 
fhrrowB ;  but  these  he  informs  us  are  very  short  indeed,  for  which  reason 
Eiitzing,  like  ourselves,  seems  to  have  overlooked  them. 

Pleurodesmivm  Br4bi8sonU  (Kilts.). 
— ^Frustules  contracted  at  their  junction ; 
co0t»  rugose.    KSA.  p.  116.    Cayenne. 


(VL  28.)     Lateral   view  oval,  haviDg 
transverse  bars  and  undulated  sides. 


Qenus  EUNOTOGBAMMA  (Weisse).— Eitmt  view  as  in  Ananlus ;  laterdi 
view  lunate,  with  undulated  dorsal  and  ventral  margins.  Dr.  Weisse  obsenres 
that  in  the  front  view  £unotogramma  resembles  Gomphogramma,  and  in  the 
lateral  one  Eunotia  (Epithemia  ?).  In  both  instances,  however,  the  resem- 
blance is  evidently  very  superficial,  and  does  not  require  the  distinctions  to 
be  pointed  out.  The  genus  doubtless  belongs  to  the  Terpsinocse,  and  seems 
to  differ  from  Anaulus  only  in  the  lunate  form  of  the  side  view. 


Etjnotooramma  tri^  mtinmne^  septem" 
et  novemlocukUa  fWeisse). — ^Lateral  view 
divided  by  two,  four,  six^  or  eight  trans- 
verse septa  into  tihjree,  five,  seven,  or 
nine  locmi.  Weisse,  Bulletin  de  PAcad. 
de  St  P^tersbourg,  xiii.  p.  278,  t.  6.  f.  87. 
Fossil   Russia.   Front  view  with  a  nar- 


row connectinfi'  zone,  and  lateral,  equal, 
stout,  pinna-luce  septa.  Lateral  view 
semilanceolate,  constricted  at  eadi  sep- 
tum, and  therefore  having  as  man? 
undidations  as  loculi;  ends  roundeo. 
(vra.  80.) 


FAMILY  Xm.— CRffiTOCEBE^. 

Frustules  smooth  or  faintly  punctated,  simple  or  united  into  awned  fila- 
ments ;  lateral  valves,  in  the  nonfilamentous  forms,  usually  unequal,  inflated, 
lobed,  and  often  frimished  with  bristles  or  other  appendages ;  lateral  view 
oval  or  circular.  Marine,  mostly  fossil.  Until  Mr.  Brightwell  pointed  out 
their  true  affinity,  the  genera  included  in  this  group  were  distributed  amongst 
three  families.  Between  Syndendrium  and  the  Anguliferese  we  can  percdve 
no  resemblance ;  but  the  connexion  of  Chsetoceros  with  the  Biddulphie®,  and 
the  other  genera  with  the  Melosirese,  is  far  more  plausible.  In  Stephemo- 
pyxis,  a  true  member  of  the  latter  family,  the  valves  are  crowned  with 
bristles  or  spines,  as  in  some  Chsetocereee.  In  Melosireee,  however,  all  die 
members  ought  to  be  cylindrical,  whereas  in  this  fiEunily  the  shape,  in  the 
latend  view,  is  much  oftener  oval  than  circular.  Although  it  is  not  difficult 
to  point  out  differences  between  the  Cheetoceroee  and  other  groups,  yet,  on 
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cooQXtt  of  the  yariety  in  their  foTms,  we  confess  our  inability,  in  the  present 
bate  of  oor  knowledge,  to  giye  a  concise  definition  which  shall  include  its 
wn  members  and  exdude  cdl  others.  We  shall  therefore  content  ourselves 
ritli  pointing  out  those  characters  which  will  enable  us  to  recognize  with 
olerable  certainty  those  Diatoms  which  belong  to  it.  The  filamentous  species 
iiffer  by  their  awns  so  much  from  every  other  genus  that  they  cannot  be 
nistaken.  Mr.  Brightwell,  in  his  excellent  paper  on  Chsstoceroe,  r^^ards 
his  as  the  typal  state:  he  says,  ^'A  careful  examination  of  most  of  the 
species  of  Chsetoceros  and  other  allied  genera,  described  by  Ehrenberg  as 
bund  in  a  fossil  state,  have  satisfied  us  that  most,  if  not  all  these,  will,  when 
bund  in  a  living  state,  turn  out  to  belong  to  the  singular  filamentous  and 
Homed  group  which  may  for  the  present  be  comprehended  in  the  genus 
Dhsetoceros."  Those  forms  also  which  have  dissimilar-shi^>ed  valves,  espe- 
cially when  lobed  or  lunnxte,  may  be  safely  placed  here ;  and  it  is  very  pro- 
bable that  some  species  with  unequal  valves,  still  retained  in  MelosiresD, 
might  likewise  be  included  with  propriety. 

The  genera  'themselves  are  by  no  means  firmly  established ;  for,  as  Mr. 

Brightwell  observes, ''  most  of  the  described  species  have  been  found  only  in 

a  fossil,  or  rather,  if  we  may  so  term  it,  a  deposit  state ;  and  in  this  state  it 

is  clearly  difficult  to  form  a  correct  idea  of  either  species  or  genera,  since 

deposits  give  no  information  as  to  the  Diatoms  being  in  threads  or  solitary 

frostoles."    We  shall  not  attempt  to  reconstruct  the  genera,  for  to  do  so 

prematurely  would  only  increase  the  difficulty  and  cause  confasion;   for 

**  much  must  yet  be  brought  to  light  before  a  satisfactory  classification  of  this 

group  can  be  effected  "  (BrightweU).    Although  only  a  few  species  have  as 

yet  been  gathered  in  a  living  state,  yet,  as  most  of  them  are  found  in  guano, 

it  is  probable  that  nearly  dl  still  exist ;  and  when  their  habits  are  better 

known,  we  may  fairly  expect  to  obtain  them.    They  seem  to  inhabit  deep 

water,  as  Mr.  Norman  has  met  with  them,  more  than  once,  in  the  stomachs 

of  Ascidise  from  such  situations. 

Genus  CHJ5T0CEB0S  (Ehr.).— Frustules  without  stnae,  united  with  the 
adjacent  ones  by  the  interlacing  on  each  side  of  awns  proceeding  from  the 
frustnle  or  {tojh  a  oingulum  between  the  frustules,  and  so  forming  a  filament. 
The  filaments  are  imperfectly  siHcious  and  very  fragile.  The  awns  are  tubular, 
sometimes  spinous  or  serrated,  and  often  of  great  length,  though,  according 
to  Kiitzing,  short  in  an  early  state.  Kutzing  defines  the  genus  as  follows : — 
"Frustules  concatenated,  equally  bivalved,  turgid,  with  two  apertures  on 
each  side,  which  at  the  earliest  period  are  very  shortly  tubular  and  the  cor- 
puscles contiguous,  afterwards  longly  awned  and  #  the  corpuscles  distant." 
If  the  awns  be  overlooked  or  broken  off,  the  frustules  may  be  nustaken  for 
speciea  of  Meloeira.  No  person  who  wishes  to  study  this  beautiM  but  diffi- 
cult genus  should  fedl  to  obtain  Mr.  Brightwell's  valuable  paper  on  it  in  the 
Journal  of  Microscopic  Science. 

*  «    ^  f      •    i_^      f    •  ^  . .  ^    .  I  species "  (BaL  in  UtX    In  the  firont  view 

•  I^rutimle$,  m  iaterafvtfw,  eorutneted  at    ^^  frustules  are  Imear,  three  or  four 

ihemiddle.  .        .    '  .  . 

Ch^ocebos  DipUmeU  (Jl.). — Frus- 
tules in  lateral  view  panduriform^  in 
front  view  linear:  awns  smooth.    KSA. 


times  as  long  as  broad,  with  stout  awns 
arising  from  the  angles.  Lateral  view 
pandiiriform,  with  rounded  ends. 

3*  Ihtstulea  laterally  aval  or  eireular ; 
awns  apmoHS. 
C.  Jorwr&rBaiL).— Frustules  quadrate ; 
awns  very  long,  spinous,  arismg  from 


irUUIr    view     XUXCCM   •     OTTUO    OUAWlfU.  .a.».K^^A. 

p.  138;  EM.pLSS.  18.  f.  1 ;  Bai. in  Amer. 
Joum.  of  Science,  zlviii.  pi.  4.  f.  19  (la- 
teral view),  s  C.  BaciUana,  BaL  Let  18 
(front  view).   Bermuda  deposit   **  CJut-  ^        ^,    . 

toeeros  DwloneU  and  C,  BacQlaria  are  ;  the  inner  surface,  not  from  the  angles, 
merely  diferent  positions  of  the  same  !  BC.  1864,  pi.  7.  f.  22,  23;  Bri  JMS.  iv. 
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p.  107,  pL  7.  f.  12-15 ;  Wallich,  TMS.  viii. 
p.  48,  pi.  2.  f.  18 ;  West,  TMS.  viii.  p.  162, 
pL  7. 1 13.  St  George's  Bank,  Atlantic 
Ocean,  (vi.  25.)  '*  This  species  was 
found  in  considerable  numbers  in  the 
contents  of  the  stomach  of  the  Botryo- 
dactyla  prandis"  Awns  80  to  50  times 
longer  than  the  body. 

C.  Peruvianum  (Bri.).— Valyes  hemi- 
spherical, with  two  very  stout,  long, 
recurved,  spinous  awns  proceeding  firom 
the  centre  of  the  roundea  ends.  Br  JMS. 
iv.  p.  107,  f.  16-18.  In  Peruvian  guano. 
A  remarkable  and  very  distinct  species, 
characterized  by  the  rounded  apex  of 
the  valve.    Lateral  view  circular  r 

8*  Frudulet  laterally  oval  or  circular; 
emmstmooth, 

C.  Tdracfusla  (E.).— Frustules  with 
four,  very  long,  filiform,  smooth  awns  on 
each  side.  l&X,  p.  188.  Antarctic  Sea. 
Diam.  without  the  awns,  1-1152". 

C.  Dichteta  TE.). — Frustules  vdth  two, 
very  long,  filiform,  smooth,  often  flexu- 
ose  awns  on  each  side.  KSA.  p.  188. 
Antarctic  Sea.  Diam.  without  the  awns, 
1-1152"  to  1-720".  The  description  is 
too  imperfect  to  enable  us  to  distin- 
guish the  species  from  some  of  the  fol- 
lowing ones. 

C.  confervoides  (n.  sp.).  —  Frustules 
large,  quadrate  ;  awns  stout,  smooth, 
arising  a  little  beneath  the  roundea 
angles;  lateral  view  circular.  Mount's 
Bay  (stomach  of  Ascidise),  Cornwall. 
We  have  seen  only  one  concatenated 
specimen;  it  formea  a  short,  very  fra- 
gile, conferva-like  filament  of  about  12 
toints,  which  were  equal  in  length  and 
breadth  and  in  dose  apposition,  internal 
colouring  matter  brownish,  and  collapsed 
into  a  roundish  spot  in  the  centre  of 
each  frustule. 

C.  Wighamu  (Bn.), — "  Frustules  cup- 
shaped,  with  a  band  roimd  the  mouth  of 
the  cup,  and  a  neck  or  bulb  proceeding 
from  the  centre;  beset  with  minute  short 
spines  or  papilles  in  all  parts  except  the 
band;    lateral  view  oval;  awns  elon- 

ftted,  smooth."  Br  MJ.  iv.  p.  108,  pi.  7. 
19-80.  In  brackish  water,  near  Brej- 
don,  Great  Yarmouth.  "  Boiled  in  acid, 
the  filaments  break  up,  and  the  frustules 
in  an  isolated  state,  and  detached  rings 
with  the  horns  proceeding  from  them, 
are  all  that  can  be  detected.  The  rings 
may  readily  be  distinguished  frt>m  the 
frustules  seen  endwiBe,  as  they  are  open 
and  without  dots,  while  the  frustules 
seen  endwise  are  dotted"   (Bri.).     We 


have  seen  no  perfect  q>ecim^i  of  this 
interesting  species ;  but  as  Mr.  l^ight- 
well's  fig.  12  shows  two  joints  siimlar 
to  other  species  of  this  genus,  we  are 
inclined  to  regard  the  Gkmiotheciarlike 
bodies  as  internal  oells,  of  the  same 
nature  as  the  internal  cells  of  Himan- 
tidium,  Meridion,  &c.,  which  we  believe 
to  be  sporangia;  but  whateTer  their 
true  character  may  be,  we  have  acaxody 
a  doubt  that  Mr.  Brightwell  is  right  in 
supposing  Oomothecktm  erenatumy  O.  kU- 
piaum,  U,  Nacieuloy  and  O,  barbaium  to 
be  allied  forms  b^onging  to  the  same 
genus  as  this  species,    (vi.  24.) 

C.  ineurtmm  (BaiL). — Frustules  in 
front  view  linear,  with  smooth,  filifoim, 
recurved  awns  arising  from  ihe  angles; 
lateral  view  oval.  BrL  L  c  pi.  7.  £  ^11. 
Fossil.  Virginia,  Peruvian  guano.  In 
stomach  of  Ascidis,  Penzance.  Easfly 
known  by  its  small  size  and  alenda 
recurved  awns. 

C.  furcillatum  (BeaL). — Awns  of  ad- 

n'ling  frustules  closely  approximate 
ow,  then  diverging  and  Decerning 
nearly  parallel ;  lateral  view  ovaL  Bsl 
on  Sucrose.  Forms  in  the  Sea  of  Kamt- 
schatka,  p.  8,  pL  1.  f.  4.  Common  in  the 
Sea  of  Kamtschatka.  The  minutest  spe- 
cies in  the  genus. 

C.  Hdymm  (K).  —  Frustules  longer 
than  broadj  gibbous  or  anflnlar  on  the 
outer  margin,  and  usually  oughtly  so  on 
the  inner  margin  also;  awns  smooth, 
filiform,  arisingfrom  the  angles.  BrL 
l.c,  pi. 7.  f.8-7;  KSA.  p.  138;  EM.  t 85a. 
18.  £4  Common  in  Peruvian  guano. 
Stomach  of  Ascidin,  Penzance.  A  va- 
riable species,  distinguished  by  its  anffo- 
lar  or  gibbous  margins;  lateral  view 
ovaL  Ehrenberff'e  two  figures  in  die 
'Microgeologie'  differ  from  eac^  otho^ 
as  well  as  from  any  specimens  we  have 
seen.    Greatest  diameter  1-1080". 

C.  Oastridium  (E.,  BrL). — Fmstoles 
binate,  smooth,  transversely  oUong, 
truncated  at  each  end,  abruptly  dilated 
at  the  middle  of  the  ventral  surface,  not 
contiguous,  Bri.  I  c  pL  7.  £  8.  =  Qomo' 
thecmm  Oastridmm,  £M.  pL  la  £  9L 
Virginian  guano.  Ehrenberg  describes 
and  figures  it  with  an  ext^nal  umbo 
(gibbous),  thus  approaching  to  C,  dkfy* 

C.  armatum  (West). — Frustules  qua- 
drangular, forming  a  compressed  nla- 
ment ;  angles  excavated ;  horn  each  angle 
arises  a  long,  obtuse,  curved  seta^Ui 
several  acute  ones  at  the  base.  West, 
TMS.  viiL  p.  161,  pi.  7.  £  12.  Abundant 
on  various  parts  of  the  coast  of  England. 
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bis  specieS;  in  its  Hying  state,  is  in- 
ested.  -with  a  mucous  covering,  and  is 
rarcely,  if  at  all,  silicious, — a  circum- 


stance which  has  caused  many  doubts 
as  to  its  diatomaceous  nature. 


Ghenus  ATTHEYA  (West). — ^Frustnles  compressed,  annulate ;  annuli  inde- 
nite  ;  Talve  elliptical-lanceolate,  with  a  median  line ;  angles  spinous.  The 
rue  position  of  this  genus  is  doubtful ;  but,  from  examination,  it  appears  to 
pproeicli  nearer  to  Chsatoceros  than  to  any  other  genus  excepting  Striatella, 
rom  -^^liich,  however,  it  is  easily  distinguished  by  Sie  spinous  angles  and  ab- 
ence  of  stipes. 


AxTHEYA  decora  (West). — ^Annuli  12 
4>  28 ;  septa  alternate :  valve  with  me- 
Lian    line  and  central  nodule.     West, 


TMS.  viii  p.  162,  pL  7.  f.  16.    Cresswell 
Sands,  Druridge  mj,    (vm.  36.) 


Genus  BACTEKIASTRTJM  (Shadbolt).— Frustules  awned,  united  into  a 
jointed,  oonferva-Uke,  cylindrical  filament;  valves  discoidal,  with  marginal 
radiating  awns.  Bacteriastram  agrees  with  Chaetoceros  in  its  filamentous 
character  and  in  the  presence  of  awns,  but  diflEers  from  it  in  having  the  awns 
of  its  discoidal  valves  maiginal  and  radiant.  Marine.  Stomachs  of  marine 
animals,  &c. 


Bactebiastrum  fureaium  (Sh.).  — 
A^wns  smooth,  much  eloxigated,  forked. 
s=A.€tim8cu8  sexfurcatuSf  £RBA.  1864, 
p.  237;  mi.  ^l S6 B. 4.  f,l6;  A,  bisepte- 
nmriuSf  £. ;  A,  bisocUmarius,  E.  Atlantic. 
The  awns  vary  in  number  and  in  the 
length  of  the  forked  portions,    (vi.  26.^ 

fi.  eurviUum  (Sh.).  —  Awns  simple, 
elon^ted,  smooth,  symmetrically  curved 
in  one  dircction. 


B.  WaJUchU  ritalfSs). — ^Valves  more  or 
less  cup-shapea,  with  4  to  12  smooth, 
simple,  divergent  awns.  =  Chatoceros 
Bacteriastrumy  Wallich.  TMS.  viii.  p.  48, 
pi.  2.  f.  16, 17.  Atlantic.  From  Salpee. 
Size  extremely  variable,  (vi.  27.) 

B.  nodulosum  (Sh.). — Awns  simfjle, 
straight,  rough. — ^Awns  covered  with 
small  protuberances,  like  a  knobbed 
stick. 


Cairns  DICLADIA  (Ehr.). — ^Fmstoles  simple,  one-celled,  bivalved ;  valves 
unequal,  turgid,  one  mostly  simple  and  unarmed,  the  other  two-homed; 
lioms  sometimes  branched. 


DiCLADiA  Capreohts  (E.). — One  valve 
with  two  styles  arising  from  conical 
ba<«es,  and  usuallv  branched  at  the  end. 
KM.  pi.  36  A.  17.  f  8 ;  Bri  JMS.  iv.  pi.  7. 
f.  53-60.  Virginia.  Common  in  guano. 
The  firustule  consists  of  a  narrow-linear 
central  portion,  projecting  at  each  end, 
and  two  tur^d  lateral  valves,  which 
vary  greatly  m  form.  Usually  the  in- 
ferior one  is  smaller,  simple,  and  unarmed, 
but  is  often  bilobed.  The  larger  valve  ib 
bilobed ;  the  lobes  mammiform  or  conical, 
each  terminating  in  a  style  divided  at  its 
^x;  occasionally,  however,  specimens 
have  the  upper  valve  unarmed  or  simj>le. 

D.  itntetmata  (E.).  —  One  valve,  with 
two  simple,  setaceous  parallel,  acuto 
spines,  articulated  at  the  base,  like  an- 
temuB ;  the  other  valve  unknown.  EM. 
^.  85  A.  21.  f.  9 ;  KSA.  p.  24  Antarctic 
sea.  This  and  the  next  species  were 
constituted  from  single  fragments. 

D.  htlbosa  (E.). — One  valve  with  two 
spines,  which  are  divergent  at  the  base, 


connivent  above,  bulboee  and  slightly 
sulcate  in  the  middle  part;  the  other 
valve  unknown.  EM.  pi.  36  a.  21.  f.  10 ; 
KSA.  p.  24.    Antarctic  Sea. 

D.  clatkrata  (R).  -—  Frustule  with  a 
rounded,  smooth,  latticed  body,  and  two 
unequal  frx)ntal  horns.  EM.  pi.  18.  f.  100 ; 
KSA.  p.  26.    Fossfl.    Virmnia. 

D.  Capra  (E.). — Smootn ;  one  valve 
with  two  simple  spines,  the  other  uni- 
dentate  or  imperfectly  sub-bidentate  in 
the  middle ;  central  portion  narrow- 
linear.  EM.  pi.  18.  f:  99.  SB  P&Hptera 
Copra,  KSA.  p.  26.    FossiL   Virginia. 

D.  Cervus  (E.).  —  Smooth,  large  ; 
fix>ntal  horns  lonff,  branched.  sPcnb^a 
Cfemw,  KSAjp.  26.    Fossil.    Maryland. 

D.  MUra  (Bai.). — ^Valve  havinjBp  two 
conical  horns  coalescing  below  into  a 
conical  base,  and  bearing  branched  pro- 
cesses above.  B.  in  SUliman's  Amer. 
Joum.  Julv  1866,  pi.  1.  f.  6.  Sea  of 
Kamtschatka.  Perhaps  a  state  of  D. 
Capreolus. 
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Genus  GONIOTHECa[UM  (E.).— Frustulee  simple,  haying  a  eentnl  eoa- 
striction  or  farrow ;  eadi  end  abruptlj  attenuate  and  truncate,  so  as  to  assume 
an  angular  figure.  FossiL  like  other  genera  in  this  family,  this  is  an  un- 
satisfiactory  genus.  The  frustules  are  described  as  cylindrical ;  but  we  belieye 
that  most,  if  not  all  of  them,  are  oyal  when  yiewed  laterally.  Mr.  Brig^tweQ 
makes  the  following  remarks  on  eight  of  Ehrenberg's  species : — ^^  The  two 
largest  and  most  common  are  O,  Bogendi  and  O,  OdonUUa ;  and  we  think  it 
probable  these  will  turn  out,  if  discoyered  in  a  recent  or  Uying  state,  to  be 
Ohsetooeri.  Of  the  remaining  six  species,  we  are  led  to  conclude,  from  the 
discoyery  of  the  Breydon  species,  ^t  two  of  them  belong  to  the  genus 
Ohietoceros,  and  are,  when  liying,  filamentous.  They  are  O,  Oasiridiumy  of 
which  we  haye  foimd  many  specimens  with  the  horns  perfect,  and  O.  ermaUtm* 
A  figure  of  a  frustule  of  this  species  is  giyen  in  the  '  Microgeologie'  of  Ehren- 
beig,  and  it  can  scarcely  be  distinguished  from  the  frustules  of  the  Breydon 
species.  O.  Jtispidum  and  O.  cUdymum  scarcdy  appear  to  differ  from  some  oi 
the  smaller  frustules  of  the  Breydon  species.  G,  Navunda  and  Q.  barhahm 
are  clearly  allied  to  O,  crenatum,  or  our  Breydon  species."  The  species  differ 
in  form,  and  sometimes  do  not  correspond  with  the  generic  chiu^cter.  0. 
Oastridiwn  (E.)  is  proyed  by  Mr.  Brightwell's  discoyery  of  its  awns  to  be  a 
species  of  GhsBtoceros. 


GoNiOTHECiUM  OdotUeUa  (E.).  — 
Valves  binate,  smooth,  conjoined  oy  a 
central  process,  and  by  their  conniyent 
apices,  so  as  to  form  on  each  side  a 
laree  oblong  aperture,  constricted  at  its 
middle :  margin  undulate.  EM.  pi.  33. 15. 
I  16;  KSA.  p.  23;  Bri  JMS.  y.  pi.  7. 
t  47,  4a  Virginia.  Diam.  1-480"  to 
1-276".  Distinguished  by  its  large  size 
and  undulated  margin,  tne  central  un- 
dulation forming  an  umbo ;  lateral  yiew 
oval.   (yi.  20.J 

G.  Itogerm  (E.).  —  Valves  binate, 
smooth,  conjoined  by  a  broad  central 
nrocess,  often  with  connivent  apices, 
forming  suborbicular  apertures ;  margin 
undulate.  EM.  pi.  18.  f.  92,  03 :  KSA. 
p.  23.  Virginia.  JDiam.  1-688".  Smaller 
than  G,  OdonteUa ;  ''  valves  dorsally  sub- 

Suadrate,  angular,  with  three  whorls, 
tterally  elliptic-oblong,  with  two  or 
three  median  circles; ''  central  undulation 
umbonate.  Mr.  Brightwell*s  figures  are 
more  irreg^ular.  and  do  not  correspond  so 
accurately  with  the  definition. 

G.  obtusum  (E.). — Valves  smooth,  in- 
flated, with  thrae  rounded  lobes ;  central 
or  constricted  portion  forming  a  narrow 
band.  EM.  pi.  18.  f.  96;  KSA  p.  23. 
Viigmia.    Diam.  1-696". 

G.  numodon  (E.).  —  Valves  binate, 
smooth,  not  contiguous,  each  linear- 
oblong,  truncate  at  each  end ;  outer  side 
tmiformly  straight,  the  inner  with  a 
median  tuberosity.  EM.  pi.  18.  f  97; 
KSA  p.  2a  Virginia,  CaHfomia.  Ehr- 
enberg  s  figures  represent  a  canoe-shaped 
valve,  the  outer  margin  convex,  the 
inner  with  incurved  ends  and  a  central 


projection  (connecting  process^,  and 
agrees  but  badly  with  the  specinc  cha- 
racter. 

G.  himuhtm  (R). — FVustules  aenu- 
lunate,  tuspid,  with  an  umbo  at  the 
centre  of  mner  margin.  EM.  fL  18. 
£  107 ;  KSA.  p.  23.    Virgmia. 

Q.  Navicula  (E.). — Frustules  small, 
smooth,  with  a  linear  produced  centnd 
portion  and  a  tuigid  or  inflated  valve  oo 
each  side.  EM.  pL  la  f  105;  KSA.  p. 24. 
Vir^pnia.  In  this  species  the  central 
portion  projects  beyond  the  lateral  yalves, 
instead  of  being  constricted. 

G.  didiftnum  (K).  —  Binate,  smooth, 
transversely  oblong,  obtuse;  one  side 
emarginate  at  the  centre,  the  other  with 
two  tubercles.  EMpL  la  1 104;  Ka\. 
p.  23.  Virginia.  Diam.  1-1200".  Ebr- 
enberg*s  figure  shows  two  unequal  valves 
without  any  interstitial  portion,  each 
valve  with  two  rounded  Lobes.  It  re- 
sembles a  hornless  state  of  Didadia, 
except  that  it  wants  the  central  portion. 

G.  barbatum,  EM  pi.  la  1 106.  Vir- 
ginia. Ehrenberg's  figure  has  ananow- 
unear,  longly  produced  central  portion 
and  two  unequal  turgid  valvea— the 
smaller  smooth^  the  larger  conic  with  a 
tuft  of  hairs  at  its  apex. 
^  G.  €renaium,E}l.  pL  39.  a  f.  74.  Ehr- 
enberg's figure  is  semilunate,  with  a 
neck-uke  truncated  cone  on  its  inner 
side.  This  species,  except  in  being 
smooth^  exactly  resembles  Mr.  Knghi- 
well*s  figures  of  the  internal  firuatdes  of 
CTuftoceroa  WxghamUj  and  doubtless  be- 
longs either  to  that  or  to  an  allied  spedss 
of  Chaetoceros,  (xv.  10.) 
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Genus  OMPHALOTHECA  (Ehr.).— Characters  miknown  to  us.  Judging 
from  Ehrenberg's  figure  of  the  onljr  species,  it  seems  scarcely  distinct  from 
Goniothecium. 


QlCFHAIA>THKCA  kupidoj  EM.  pi.  35  A. 
9.  £  4*.  Guiges.  The  figure  apparentlj 
lepiesentB  a  mistule  in  the  procees  of 
diyision.    The  yalves  are  unequal;  the 


smaller  one  smooth,  the  larger  some- 
what conical  and  furniahed  with  scat- 
tered spines;  connecting-zone  slightly 
produced  beyond  the  valves,  (vni.  44.) 


Gfflius  PERIPTERA  (Ehr.).  —  Frustules  simple,  compressed,  unequally 
bivalved ;  valves  simple,  continuous,  not  cellulose ;  one  valve  naked,  turgid, 
the  other  winged  or  homed ;  horns  affixed  to  the  extreme  margin,  sometimes 
branched.  Approaches  very  near  to  Syndendrium  and  Dicladia.  We  think 
these  three  genera  might  be  united  wi&  advantage. 


Pkbipteba  tetraeladia  (E.). — Smooth, 
almost  navicular;  one  valve  with  four 
equidistant  spines,  branched  at  the  apex, 
the  other  simple.  EM.  pi.  33. 18.  f.  9. 
FossiL  Bermuoa  deposit  Diam.  1-1440", 
including  spiQes  1-864".  Without  the 
spiQee,  it  resembles  an  Amphora,  (vi.  30.) 


P.  chlamidophara  (E.). — Smooth,  al- 
most navicidar;  one  valve  at  the  side 
plane  and  surmounted  by  a  finely-nerved 
membrane,  the  other  turgid  at  the  mid- 
dle, unarmed.  EM.  pi.  18.  f.  96.  Fossil. 
Bermuda,   (vm.  25.) 


Genus  RHIZOSOLENIA  (Ehr.).— Filamentous;  frustules  subcylindrical, 
greatly  elongated,  silidous,  annulate ;  annuli  broadly  cuneate ;  sur£Eu;e  stri- 
ated, extremities  calyptriform,  pointed  with  a  bristle.  This  genus  was  con- 
stituted by  Ehrenberg  for  the  reception  of  certain  silicious  organisms  found 
in  guano  and  various  fossil  deposits.  The  characters  assigned  by  him  to  this 
genus  are,  **  lorica  tubular,  with  one  extremity  round  and  closed,  while  the 
oth^  IB  attenuate  and  multifid,  as  if  terminating  in  little  roots."  The  dis- 
covery of  this  remarkable  genus  in  a  living  state  has,  we  believe,  proved  that 
the  species  described  by  Ehrenberg  are  only  fragments  of  forms  similar  to 
those  we  are  about  to  describe.  Professor  Schultze  has  detected  in  B,  styli- 
farmis  and  B,  edkar-avis  a  circulation  of  minute  granules  analogous  to  the 
currents  observed  in  the  hairs  on  the  filaments  of  Tradescantia  procumbens, 
(Schultze,  MJ.  vii.  p.  16.) 


Rhizosolbnia  styUformis  (Bri.).  — 
Frustules  from  6  to  20  times  as  long  as 
broad;  transverse  linps  (annuli)  distinct ; 
surfece  striated,  striie  oblique,  about  40  in 
OOl",  terminal  process  at  the  base  spatu- 
late  and  bifid.  Found  in  Noctilucad,  xar- 
mouth;  stomachs  of  Ascidians,  York- 
shire ;  SalpsB,  Atlantic  Bri  MJ.  vi.  p.  94, 
pL  5.  f.  5;  Norman,  ANH.  xx.  p.  158; 
Prof  Schultze,  MJ.  vii.  p.  18.  oL  2.  f.  1. 
(yn.  32.y  From  the  elongatea  base  of 
the  calyptriform  process  a  stout  line  or 
rib  rons  up  on  either  side  to  nearly  the 
apex  of  the  cone ;  at  base  of  the  lines  a 
small  horn,  slightly  curved  towards  the 
annul],  is  frequently  to  be  detected. 
Self-division  has  be^  observed  in  this 
and  some  of  the  following  species. 

R.  imbrieata  (Bri.).  —  Frustules  4  to 
7  times  as  long  as  broad,  annuli  di- 
stinct, surface  of  valve  coarsely  pimctate, 
terminal  process  subulate,  entire.  Found 
with  the  preceding  species.     Bri  MJ. 


p.  94,  pi.  5.  f.  6.  The  direction  of  the 
transverse  lines  (annuli)  and  puncta 
give  this  species  an  imbricated  appear- 
ance. 

R.  sdigera  (Bri.). — ^Frustules  5  to  15 
times  as  lonja^  as  broad,  annuli  obscure, 
stri»  very  &int,  terminal  bristle  fre- 

ritly  as  long  as  the  colourless  frustule. 
Noctilucae,  Ascidians,  and  Sdp®. 
Bri.  /.  c.  p.  96,  pi.  5.  f.  7.  (vn.  33.)  This 
species  is  remarkable  for  the  ^reat  length 
of  the  terminal  bristle  and  its  extreme 
delicacn^. 

R.  auUa  (Bri.). — ^Annuli  distinct,  stria 
faint,  terminal  jprocess  alate,  recurved, 
blunt.  In  Ascidians,  Yorkshire.  Bri  U  c, 
p.  96,  pi.  5.  f.  8.  This  curious  little  roe- 
cies  is  distinguished  by  its  small  but 
conspicuous  setss  attached  to  the  base  of 
the  calyptriform  process. 

R.  catcar-avis  (Schultze).  — Frustules 
small,  annuli  indistinct ;  terminal  process 
slightly  sigmoid,  the  point  resembling 
3  K 
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a  bird's  claw.    Heligoland.     Sckultze, 
MJ.viLp.21,pl.2.  f.5. 

R.  robusta  (Norman,  MS.).— Frustules 
Tery  broad,  slightly  sigmoid,  ammli  nar- 
row, caljptriform  processes  with  lines 
radiating  crom  the  apices ;  bristles  short, 
delicate,  nearly  linear.  Stri»  fine,  about 
55  in  •001".  Ascidians,  North  Sea, 
Teignmouth,  Heligoland,  Australia, 
(vm.  42.) 

Doubtful  and  inm^gHeientiy  known  Species, 

^.Calyptra  rE.).  — Valve  (terminal 
process)  broadly  conico-campanulate, 
smooth,  its  apex  attenuated,  acute.  £M. 
pL  35a.  22.  £  17.;  Bri.  I  c.  pL  6.  f.  2. 
Southern  Ocean,  (vn.  31.)  Tnis  is  pro- 
bably the  terminal  process  of  i2,  Ut/U- 
formis. 

R.  Campana  (E.). — ^Valve  large;  apex 
conic,  longly  attenuated,  varies  as  if 
terminated  by  little  roots;  surface  very 
finely  granulated.  ESA.  p.  24.  Bermuda 
deposit 

fe.  ormthoglossa  (E.). — ^Valve  tubular, 
conical,  smooth,  slender,  with  a  much 
attenuated,  acute  apex,  laterally  resem- 
bling the  tongue  ot  a  bird.    EM.  pi  33. 


13.  f.  2L    Antarctic  Sea. 

R.  Ameriama.  —  Frustules  smooth* 
hyaline,  tubular,  intemmted  by  septa, 
one  end  round,  the  otner  styliform, 
simple  or  branched.  EM.  pL  idu  £  9B. 
FossiL  America.  This  seems  a  species 
very  variable  in  size  and  form.  The 
outline,  however,  of  the  rostrate  valve 
bears  some  resemblance  to  a  bottle,  with 
the  nedc  or  b^ak  simple  or  branched. 

R.hebeUUa  (Bai.).  — Valve  calyi^- 
form,  punctate,  with  a  smooth,  cylin- 
drical base ;  apex  expanded^  comnn^^^ 
R  in  Silliman  8  Amer.  Joum.  July  1856, 
p.  6,  pi.  1.  f.  18, 19.  Seas  of  Kamtschatki 
and  Ochotsk.  The  expanded  apex  re- 
sembles in  outline  the  flame  of  a  candle. 
The  punctate  conical  portions  are  most 
fir^uently  seen ;  but  specimens  with  the 
cvlmdrical  base  are  occasionally  found, 

R.  POeolus  (R).— Valve  small,  short, 
as  broad  as  long:  central  portion  linear, 
produced ;  one  yilye  resembling  an  umbo, 
the  other  conical,  branched  at  apex.  EM. 
pi.  18.  f.  103.  Virginia.  Diam.  1-1320". 
Has  the  habit  of  Didadia  or  Oooio- 
thedum. 


Genus  SYBINGIDIUM  (Ehr.). — Frastules  simple,  cylindrical ;  Talves  un- 
equal, dissimilar,  distended  by  a  turgid  middle  ring.    Maritime. 


Sybinoidium  Income  (E.). — Smooth, 
elongated,  with  three  constrictions,  one 
end  pointed^  the  other  subglobose,  two- 
spined.  EM  pL  35  a.  9.  £  ll*.  Ganges. 
Africa,    (vm.  20.^ 

S.  Ptilaomon  (E.). — ^Resembles  the  pre- 
ceding species,  but  is  granulated.  EM. 
pi.  34  a  £  15.    Japan. 

S.  Americanum  (Bai.  MS. :  vn.  34, 
from  a  drawing  by  Frofessor  Bailey). — 


Common  in  Para  River,  and  sparindj 
in  the  soundinffs  off  the  mootli  of  m 
Amazon,  Souui  America.  Frastoks 
very  minute,  punctated;  c^itial  pcntkn 
quadrangular ;  valves  unequal,  one  with 
a  quadrate  base,  suddenly  contracted  and 
then  tapering  into  a  pyramidal  spine 
terminated  by  a  mucro ;  tiie  other  valve 
subglobose,  with  two  short  basal  pttn 
cesses,  each  ending  in  a  spine. 


Genus  SYNDENDRIUM  (Ehr.).— Frustules  simple,  bivalved,  subquadran- 
gular,  one-celled,  without  umbilicus  in  the  middle ;  valves  uneqnid,  rather 
turgid,  one  smooth,  the  other  furnished  with  many  styles  branched  at  the 
apex;  margin  naked.  Syndendrium  differs  from  Didadia  only  in  having 
several  instead  of  two  spines  on  one  of  its  valves ;  yet  Kiitring  has  placed 
them  in  different  families. 


Syndkndrium  Diadema  (E.).— Frus- 
tules lanceolate^  with  several  spines  in 
tiie  centre  of  one  valve,  forked  or  peni- 
cillate  (split  up  like  a  brush),  their  length 
equalling  the  thickness  of  the  frustule. 
E!M.  pL  35  A.  18.  £  13;  Bri  MJ.  iv.  p.  7. 
£  40-52 ;   Donkin,  TMS.  vi.  p.  1.    In 


Peruvian  guano  j  Sea  of  Kamtschatka; 
stomach  of  Ascidia,  Penzance.  Diam. 
1-1152".  The  central  pordon  is  narrow 
linear,  projecting  at  eacn  end,  the  lateral 
valves  convex,  one  smooth,  the  other 
with  branched  spines ;  lateral  view  ovaL 


Genua  HERCOTHECA  (Ehr.).  —  Frustule  simple,  turgid,  of  two  unequal 
valves ;  membrane  of  valves  continuous,  not  cellulose,  generally  veined  be- 
neath the  free  setae,  which  are  permanent  and  assume  the  place  of  an  inte^^u- 
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ment.  Hence  the  corpuscles  on  the  npper,  contignoos  margin  of  each  yalve 
appear  as  if  crowned  and  envdoped  (as  it  were,  shielded)  by  the  o^Kwite  set® 
or  membranes. 


Hkbcothkca  mammillaria  (E.\  — 
Valyes  smooth,  with  the  centre  oi  the 
base  fringed  round  (fortified)  with  about 
twenty  simple,  opposite  setae,  inserted 


on  the  margin  itself,  and  extending  be- 
yond the  mammillae.  £M.  pL3§.  18. 
f.  7.    FossiL    fiermnda.    (vn.  35.) 


FAMILY  XIV.— COCCONEIDEiE. 

Erostules  elliptic,  rarely  bent,  adnate  by  an  inferior  lateral  sur&ee,  haying 
a  median  longitudinal  line  and  central  nodule.  ''  The  lateral  surfaces  prevail 
80  much  that  the  central  portion  is  reduced  to  a  simple  margin,  and  conse- 
quently it  is  difficult  to  obtain  a  front  view"  (Meneg.).  Campylodiscus  and 
Khaphoneis,  the  only  members  of  another  family  with  which  any  of  the 
CocconeidesB  are  likely  to  be  confounded,  are  distinguished  by  the  absence  of 
a  central  nodule.  Those  species  of  Navioula  which  are  elliptic  in  the  lateral 
view  somewhat  resemble  species  of  Cocconeis;  but  they  are  never  adnate, 
and  in  them  the  central  nodule  is  equally  developed  in  both  valves. 

Genus  COCCONEIS  (Ehr.).  —  Characters,  those  of  the  family.  Frustulee 
depressed  or  somewhat  hemispherical;  the  central  nodule  is  wanting  or 
obscure  in  the  inferior  lateral  surface,  and  sometimes  there  is  a  transverse 
as  well  as  a  longitudinal  line.  **  The  general  form  of  Cocconeis  is  that  of  a 
disc  of  an  ellipsoidal  figure,  with  surfaces  more  or  less  exactly  parallel,  plane, 
or  slightly  curved.  .  .  .  The  characters  by  which  the  species  of  this  most 
elegant  genus  are  distinguished  one  from  another  are  still  very  slight" 
(Meneg.).  The  frustules  in  this  genus  are  frequently  fiimished  with  an 
additional  membranous  covering,  which  also  forms  a  border  to  them,  and  has 
been  admitted  into  the  specific  definitions;  but  we  believe  this  envelope 
generally,  if  not  invariably,  belongs  to  the  immature  state,  and  afterwards 
(h8a|^)efLrs  laore  or  less  completely ;  and  <m  this  account  we  consider  it  an 
unsafe  differential  character.  The  descriptions  apply  to  the  lateral  view, 
onless  otherwise  stated. 


*  Disc  smooth  or  with  longitudinal  lines, 

CoccoNSis  longa  (E.). — Very  minute, 
inear-oblonff,  with  rounded  ends,  smooth, 
ixcept  a  meoian  line  and  nodule.  EM. 
)L  5. 1.  £  25.    Aquatic.    Iceland. 

CpumUaQSJ), — ^Very  minute,  curved; 
ateral  view  oUong-elliptic,  smooth, 
irithout  lines  or  accessory  border.  KB. 
»L  5.  9.  £  2.  Aquatic.  Europe.  Length 
1-1560".  Rabenhorst  describes  it  as 
leetitate  of  median  line  and  nodule. 

C-  pygmtBa  (K.).  —  Very  minute, 
mootn,  elliptic,  ffirt  by  a  crenulate  ge- 
atinous  border.  KB.  t.  6.  6.  £  4  Baltic 
Jea,  on  Ceramium.     1-2640". 

C.  tnolesia  (K).  —  Minute,  smooth, 
Uiptic-oblonff,  without  an  accessonr 
torder,  densely  aggregated.  KR  pL  5. 
.£1,2.  Marine.  Venice.  1-1800"  to 
-1680". 

C.  nidulana  (K.).  —  EUiptic-oblong, 


smooth;  front  view  oblong,  rectangular. 
KB.  t  4.  £  16.  Coast  of  Normandy, 
1-1320".    Nidulating  in  mucus. 

C.  elonfota  (E.).  —  Small,  smooth, 
oblon^-elhptic,  plane.  EM.  pi.  6.  3.  £  26. 
America,  Europe,  Africa,  Chma.  Smaller 
than  C.  PlacefUuiay  but  may  be  a  variety 
of  that  species. 

C.  Crux  (E.).  — Smooth,  elliptic,  thin, 
with  a  transverse  linear  umoilicus.  KSA. 
p.  63.    Western  Asia.    Diam.  1632". 

C,diap?uina(S,). — "  Elliptical,  scarcely 
silidous,  diaphanous ;  strise  obscure. 
Length  -0012"  to  -0018"."  SBD.  ip.  22, 
pi.  m  £  264.  "  ft  nodule  dilated  into  a 
stauros.'^    Sidmouth,  Jersey. 

CPedicukts  (E.).  —  Small,  elliptic, 
somewhat  angular,  slightly  curved ;  disc 
with  very  fine,  dotted  longitudinal  lines. 
SBD.  i.  p.  21,  pi.  3.  £  31.  Aquatic 
Common.  ^.  sauna  (K.),  narrower  near 
the  margin,  furmshed  wim  very  delicate 
3k2 
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transTcrse  striie :  Saxony,  y.  minor  (K.). 
In  this  species  the  strise  are  visible  only 
when  highly  magnified.  It  is  best  di- 
stinguished by  its  slightly  angular  or 
rhomboid  form — a  character  not  noticed 
by  Ehrenbeig,  who  gives  in  the  '  Micro- 
geologie '  only  one  figure^  and  ^ve  habi- 
tats.   Diam.  1-2200"  to  1-960". 

C.  depretsa  (K.\ — Minute,  much  de- 
pressed, plane,  elliptic,  furnished  near 
the  margm  with  punctated  striao.  KB. 
pL  6.  f.  8. 2.  Aquatic  Europe.  Accord- 
mg  to  Rabenhorst,  it  resembles  a  small 
and  flat  state  of  the  var.  9aUna  of  the 
preceding  species.     Diam.  1-1800". 

C.  PiacetUuia  (E.).  —  Plane,  elliptic, 
with  faint,  dotted  longitudinal  Imes. 
SBD.  L  p.  21,  pi.  3.  f.  32.  (vn.  36.) 
Aquatic  Common.  1-1440".  Ehren- 
berg,  in  his  *  Microgeolo^e,'  gives  many 
figures  and  upwards  of  sixty  habitats  fcnr 
this  species.  His  definition  differs  from 
that  of  Professor  Smith,  and  is  as  fol- 
lows : — "  Plane,  elliptic,  with  an  abrupt 
mar^;  within  ana  without  smooth.'* 
Having  seen  no  authentic  specimens  of 
C.  Pk^entula  and  C.  PedictUus,  we  have 
adopted  Professor  Smith's  views,  but  do 
not  implicitly  rely  on  them ;  for  not  only 
do  Ehronberg  and  Smith  differ  in  their 
descriptions,  out  whilst  the  latter  states 
that  both  species  occur  in  the  Lough 
Moume  deposit,  the  former  has  excluded 
them  from  his  lists  of  species  found 
in  it 

C.  prcetexta  (E.). — Small,  elliptic,  with 
six  longitudinal  Imes  on  each  side  of  the 
centre,  and  a  dilated,  smooth,  areolar 
mar^n.  EA.  pi.  3.  3.  f.  11.  Japan, 
India,  Africa,  America. 

C.  punctata  (E.). — Small^  elliptic,  with 
eight  punctated  longitudmal  lines  on 
each  side  of  the  median  line.  KB.  p.  72, 
pi.  29.  f.  30.    Australia,  America. 

C.  eugh/pta,  EM.  pi.  34  6  a.  f.  2.  Flo- 
rida. Ehrenberg's  figure  represents  a 
small  elliptic  form,  witn  broadlv  rounded 
ends,  ana  a  median  line  and  nodule, 
having  on  each  side  parallel,  distinctly 
dotted  longitudinal  lines. 

C.ftriolata  (Kab.). — Small,  narrow- 
elliptic,  with  dense,  fietint  longitudinal 
stries  on  each  side  of  the  median  line. 
Rab  D.  p.  28,  pi.  10.  f.  8.  Aquatic. 
Salzburg. 

C.  ob&nga  (K.).— -Oblong-elliptic,  with 
somewhat  acute  apices  and  longitudinal 
Knee.  KB.  p.  72,  pi.  5. 8.  f.  7.  North 
Sea  and  Indian  Ocean.     1-320". 

C.  Umbata  (E.).— Large,  elliptic,  with 
broadly  rounded  ends,  very  fine  longi- 
tudinal lines,  and  a  Buoentire  gelatinous 


border.  EM.  pL  14.  f.  42.  Adiiatie  and 
Mediterranean  Seas.  1-576".  Rab^i- 
horst  describes  this  species  as  like  C 
PlaeenMi  with  a  distinctly  developed 
border-like  membrane. 

C.  oceaniea  (£.).  —  Large,  roundish- 
elliptic,  with  numerous  d^<^U»lj  punc- 
tated, somewhat  converging  longitudi- 
nal lines ;  dorsum  convex.  KSA.  p.  52. 
Europe,  America,   (xu.  42.) 

0.  concentrica  (R).  —  Large,  broadlj 
elliptic,  with  broadly  rounded  ends  and 
concentric  longitudinal  lines.  EK  p.  73^ 
pL  28.  £  15.    Mexico. 

C.undulata  (R).  —  Elliptic;  doisom 
slightiy  convex ;  exterior  furrowed,  with 
unduliuked  concentric  lines.  KB.  p.  72, 
pl.5.  £1L  Baltic,  Asia,  Africa.  1-432'. 
Not  transverselv  striated. 

C.  Uneata,  EM.  numerous  fifiurea  ii»i 
habitats.  Australia,  Asia,  Africa^  Eu- 
rope. We  have  seen  no  description  of 
this  species;  but,  according  to  £hren- 
berpfs  figures,  it  seems  to  differ  from  C. 
unauktta  in  the  nonconvergence  of  its 
longitudinal  stris.  Apparentiy  a  yeiy 
common  species,  as  Enrenbeig  giv« 
upwards  otfifW  habitats. 

C.  faseiata  (E.). — Large,  elliptic ;  disc 
with  dotted  longitudinu  Imes  on  each 
side  the  mediaa  line,  intersected  ^a 
transverse  median  smooth  band.  KK 
p.  72,  pi.  28.  f.  14.    Aquatic.    Pero- 

C.  ^«?M?wrfa,  EM.  pL  37.  2.  £  1.    Ore- 

fon,  .^Egina.  Ehrenberg's  figure  is  laigOf 
roadly  elliptic,  with  rounded  ends  and 
a  smooth  linear  median  line,  haring 
on  each  side  five  or  six  parallel,  lon- 
gitudinal, moniliform  aenes  <^  large 
granules. 

C.  aparegata  ^K.).  —  Oblong-elliptic, 
girt  with  a  broadish  lacerated,  crenolate 
umb ;  disc  having  near  the  margin  fineh 
dotted  rays^  ana  in  the  mid<Ue  punc- 
tated lon^tudinal  lines.  KR  p.  72, 
pi.  5. 8.  £5.  Baltic  and  North  Seas. 
1-1440". 

C.  marginata  (K.).  —  Elliptic,  witli 
radiatingly  punct&ted  marvin  azid  dis- 
coid lonfidtuoinal  lines.  ICB.  p.  72,  pL  & 
6.  £1.    Marine.    Europe.     1-840". 

C.  dirtqfta  (Greg.).  —  Broadly  ^Hptie 
or  suborbicular,  wiui  a  smooth  me£aii 
line,  having  on  each  side  wavy  longi- 
tudmal and  faint  transverse  atrise.  GDC. 
p.  19,  pi.  L  £  25.  Scotland.  The  lon- 
gitudinal striso  are  most  evident  in  the 
centre,  and  the  transverse,  which  aie 
somewhat  radiant,  near  the  margin. 
Under  a  low  power  the  nodule  appears 
dilated  into  a  stauros.  Profeeaor  Gregorr 
states  that  it  difiers  in  its  bit)wn  ouoar 
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and  conspicuous  striie  from  C,  diaphanct, 
the  only  allied  species. 

2  *  DUc  with  radiant  or  transverse 
striig. 

C.  striata  (E.).  —  EUiptic-oblong,  of 
medium  size,  with  parallel  or  somewhat 
conrerginff  transyerse  striao.  EM.  many 
figures.  Aquatic.  Apparently  common, 
as  Ehrenber^  gives  upwards  of  forty 
habitats  in  (JUfTerent  parts  of  the  world. 
Lough  Moume  deposit. 

C.  horeoMs  (R).  —  Elongated-elliptic 
or  oblong  with  rounded  ends  and  parallel 
or  converging  transverse  striie.  EM. 
seyeral  figures.  Ehrenber^  gives  about 
thirty  habitats  in  Asia^  Africa,  &c  Ex- 
cept in  its  more  elongated  frustule,  it 
scarcely  difiers  frt)m  C,  striata, 

C.  transversaUs  (Gbreg.). — Small,  nar- 
now-elliptic,  with  fine,  parallel,  dotted 
transverse  striffi  reaclung  the  median 
line.  Greg  M J.  iii.  pi.  4  £  7.  (vn.37.) 
Scotland. 

C.  atmomhericaf  EM.  pL  89.  8.  f.  9. 
Scirocco  dust  Ehrenberg*s  figure  is 
laiffe,  elliptic,  with  median  line  and 
nodule  and  dotted  parallel  transverse 
strisB. 

C.  hyperborea  (E.).  —  Larj^e,  elliptic, 
finely  punctato-striate ;  stnee  in  the 
midole  margin  of  the  disc,  18  in  1-1200", 
c<XLtinued  to  the  median  furrow  as 
pnncta;  the  fine  triple  line  of  furrow 
with  a  single,  distinct,  transversely  ob- 
long median  umbilicus.  ERBA.  xviii. 
p.^;EM.pL86A.28.  £4  Assistance 
£lay.  Nearly  resembles  C,  Scutum  of 
New  HoUancL  Breadth  rather  more 
than  half  the  length. 

C.  nigricans  (K.).  —  Narrow-elliptic, 
densely  aggregated^  ^rt  by  an  entire, 
rather  broad,  browmsh-black  border; 
transverse  striae,  13  or  14  in  1-1200". 
KB.  p.  72,  pL  5.  8.  f.  S,  Trieste.  ^.  cfe- 
mtdatOj  border  obsolete.  KB.  t  6.  8. 
£  10.     1-1820"  to  1-1200". 

C.  consociata  (KX  —  Broadly  elliptic, 
with  a  hyaline,  longitudinal  median 
line;  disc  with  13  punctated,  almost 
radiant  stri»  on  each  side.  KB.  pL  6. 8. 
ta    Marine.    Baltic.    1-1820". 

C.  Phmularia  (K.). — Roundish-eDip- 
ticy transverselystriated,  except  a  smootn, 
crenated,  longitudinal  meaian  fescia. 
KSA.   p.  52;    KR  p.  73,  pL  6.  f.  34. 

=  Cocconeis P,  BA  J.  xlii.  t  2.  f.  84. 

America.  This  ver^  doubtful  species  was 
constituted  by  Kutzing  from  Professor 
Bailey's  fij^ure. 

C.  Perstca  (TUb.).  —  Laige,  elliptic, 
with  a  lon^tuoinal  median  une,  dilated 


at  centre  and  ends,  and  having  28  gra- 
nulated transverse  stri»  on  each  side. 
RabD.  p.27,pL8.  £5.    Persia. 

C.  major  (Gree.). — Very  large,  thin, 
flat,  broadly  elliptic  or  suborbicular, 
witii  numerous  deucate  transverse  striie ; 
median  line  with  central  and  terminal 
nodules.  GDC.  p.  21,  pL  1.  £  28.  Scot- 
land. Hyaline,  without  distinct  border ; 
strisB  about  64  in  *001",  somewhat  con- 
centric with  extremities. 

C.  ScuteUum  (E.).  —  Elliptic,  with 
finely  punctated  transverse  strise  con- 
centric with  its  extremities ;  stri»  18  in 
•001".  EI.  p.  194,  pL  14  £  8;  SBD.  L 
p.  22,  T>L  3.  £34.  Marine.  According  to 
Ehrenoerg,  found  in  every  quarter  of  the 
globe;  yet  he  gives  fewer  habitats  for 
this  than  for  some  other  species,  (rx.  162, 
163.)  ^,  nodule  dilated  mto  a  stauros : 
S.  ^  c.  pL  80.  £  34  7,  disc  with  stauros, 
very  fine  striao,  and  two  lateral  semioval 
markings :  Ho  M  J.  vi  pi.  8.  £  9.  Dorsum 
convex.  1-1150".  The  species  thus  cha- 
racterized is  very  variaole  in  size  and 
form  and  in  the  size  of  its  puncta.  Per- 
haps the  varieties  should  be  constituted 
distinct  species. 

C.  Arraniensis  (Grev.). — Valve  ovate ; 
strim  concentric  with  the  extremities, 
faint,  moniliibrm,  conti^ous,  reaching 
the  median  line ;  strisB  30  in  *001".  Grev 
JMS.  viLp.80,  pL6.  £2. 

C.  speetosa  (Greg.). — Small,  rhomboid- 
elliptic,  with  12  distinctly  granulated 
transverse  stried  in  -001",  and  somewhat 
concentric  with  extremities.  Greg  M J. 
iii.  pL  4  £  8.  Scotland.  So  nearly  allied 
to  C.  Scutettumj  that,  although  its  more 
distant  striso  are  formed  of  fewer  and 
larger  granules,  we  must  doubt  whether 
these  species  be  really  distinct 

C.  Mediterranea  (K.).  —  Elliptic  or 
elliptic-oblong,  vrim  distinct  puncta, 
regularly  arranged  so  as  to  form  both 
transverse  and  longitudinal  series.  KB. 
p.  73,  pL  5. 6.  £  8,  Mediterranean  Sea. 
Rather  large;  dorsum  slightly  convex. 
1-840"  to  1-552".  In  Kiitzing's  figures 
the  stri»  appear  somewhat  concentric 
with  extremities ;  and  we  doubt  whether 
it  be  distinct  from  C,  ScuteUum, 

0.  Peruviana  (K). — ^Elliptic,  regularly 
punctate,  the  laiger  puncta  ouadrate, 
more  distant  KB.  n.  78,  pL  6.  6.  £  7. 
Marine.  Western  shores  of  America. 
1-840".  Kiitzing's  ^^^vae  seems  very 
similar  to  C  Blemterranea. 

CAdriaUca  (K.).— Large,  elliptic; 
striae  granulated,  transverse  on  the  disc, 
radiatmg  on  the  mar^.  KB.  p.  73, 
pi.  5.  6.  £  2  &  9.     Adriatic  and  Medi- 
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tenaneanBeaa  1-696"  to  1-480".  Dor- 
sum convex.  The  striee  in  Kutzing's 
figures  are  concentric  with  the  extremi- 
ties ;  and  this  species  seems  to  differ  from 
C  ScuteUum  in  its  more  distinct  border. 

C.  ^9tan8  (Greg.).  —  Elliptic,  with 
somewhat  attenuated  ends,  a  delicate 
median  line  and  transyerse  series  of 
equal,  rather  distant  granules.  GDC. 
p.  18,  pi.  1.  f.  23.  (vn.  3a)  Scotland. 
This  species  agrees  with  C  ScuteUum  in 
its  granulated  strise,  somewhat  concen- 
tric with  extremities,  but  it  appears  to 
us  distinct  The  strisB  are  fewer,  the 
granules  fiir  more  conspicuous,  and,  ac- 
cording to  Professor  Gregory,  equal,  and 
situated  on  white,  hyaline,  famt  bars, — 
characters  absent  in  C.  ScuteUum, 

C.lampro8iicta(QTegX — Large,  rhom- 
boid or  oroadly  lanceolate  witn  obtuse 
apices,  a  median  line,  and  transyerse 
series  of  rather  distant  conspicuous 
granules.  Qreg  TMS.  y.  pL  1.  f.  2a 
Scotland.  This  species  agrees  with  C 
dittans  in  having  conspicuous  transyerse 
series  of  granules  somewhat  concentric 
with  extremities,  but  differs  in  its  elon- 
gated form. 

C.  9plendida  (Greg.). — Large,  elliptic, 
with  conspicuous,  moniliform  trans- 
yerse Btnsd,  a  broad  margin,  and  a  me- 
dian line  dilated  at  centre  and  ends. 
GDC.  p.  21,  pi.  Lf.  29.  Scotiand.  Striae 
somewnat  concentric  with  extremities, 
their  granules  near  the  margin  being 
doser,  and  thus  forming  a  continuous 
lim,  with  the  median  hue  terminating 
at  its  inner  edge.  Bemarkable  for  its 
large  size.  Length  about  •0044";  breadth 
•0(&9". 

G.  Hegma  (Johnston).  — Valve  ovate ; 
strisB  20  in  *ODl",  concentric  around  the 
extremities,  distinctiy  granular  on  either 
side  the  median  line,  in  their  course  out- 
wards fedntly  moniliform,  more  conspi- 
cuously so  and  forming  a  sort  of  boroer 
near  tne  nuugin.  Johnston,  JMS.  viii. 
p.  18,  pi.  17.  f.  1.    Elide  guano. 

C.  punetaOsaima  (Grev.).  —  Elliptic, 
densely  areolato-punctate;  striie  monili- 
form, concentric  with  extremities ;  me- 
dian line  dilated  at  ends;  rim  simply 
striated.  Grev  MJ.  v.  p.  8,  pi.  a  f  1. 
Marine.  Trinidad.  Stnse  20  in  001". 
Dr.  Greville  says  it  differs  from  C  Mor- 
rim  in  its  finer,  closer,  and  more  mi- 
nutely punctated  strin. 

C.  crehrestriata  (Grev.).  —  Elliptic- 
oblong,  delicately,  closely,  and  uniformly 
punctato-striate ;  strin  concentric  with 
extremities ;  median  line  straight,  simple. 
Grev  MJ.  v.  p.  9,  pi.  a  f.  2.     Trini&d. 


Length O022" to  -0028";  bieadlh itSS 
to  •(K)14" ;  strise  30  in  OOl".  The  fisce  I 
shows  the  ends  of  the  valve  more  ittc- 
nuated  than  usual  in  this  genusw 

C.  GymatV(&).— Elliptic,  with  tHDi- 
verse  coetse ;  stride  moniliibnD,  15  h 
•OOr.  SBD.  i.  jp.  22,  pL  a  £  35.  Ed?- 
land.  South  Africa. 

C.  regaUs  fG^^ev.).  — Valve  orttoilif; 
stri»  monilitorm,  5  in  -001",  oecup^iv 
about  a  third  of  tiie  diameter,  extsmBr 
continued  by  large  distant  gmnlea. 
forming  three  or  four  concentric  rovx 
Grev  JMS.  vii.  p.  179,  pL  7.  £  L  Ciii- 
fomian  and  Algoa  Bay  gunioa  &ris 
coarse,  outer  granules  large  and  promi- 
nent, continu^  round  the  whole  vahe, 
but  smaller  near  the  extnmitiea.  Kedsio 
line  abbreviated. 

C.  pitmata  (Greg.). — ^Valve  oval ;  itia 
concentric  VTitii  tlie  extremrties,  lax?<t 
moniliform,  not  reaching  the  media 
line,  but  leaving  a  narrow  elliptical  Unk 
space;  median  line  distinct  GrerJMS. 
vii.  p.  79,  pL  6.  £  L    Lamlash  Bar. 

C.  Parmuia  (R).— Broadly  el^ppc 
with  a  median  longitudinal  line,  having 
on  each  side  10  to  12  large,  inegi^ 
transverse  costj©  (or  sulci) ;  suAoewiii 
transverse  granulated  striie.  Bail  Proc. 
Phil.  Acad.  1853.    Tahiti. 

0.  mdcata  (R^.  ~  Broadly  ellqyde  cr 
suborbicular,  with  30  to  40  tnnimse 
arcuate  sulci.    BaiL  I  c.    IHiget's  Soaai 

C.  inconspieua  (Grev.). — SaboiiiialD; 
with  a  broad,  rather  stronglv  ^ocmA 
border ;  disc  diaphanous,  stris  tunt,  ooo- 
centric  with  extremities,  bMomiog  ob- 
scure in  the  centre.  GrerMJ.  t.q.9, 
pL  3.  £  3.  Trinidad.  Diam.  OOir: 
striffi  22  in  OOl".  Dr.  Grevillfi's  ^ 
shows  the  stri»  radiating  ntfaer  tbu 
concentric  with  the  extremities,  nd 
leaving  a  blank  median  mace  bisected 
by  the  median  line  and  nodule. 

C.  omata  (Greg.>  —  EDiptic,  with  a 
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dmal  fascia,  biseoted  by  median  line  and 
•nodule. 

C.  Brvndumaca  fRab.). — Very  lar^, 
witli  very  convex  aorsum ;  disc  elliptic- 
oblongy  with  from  22  to  24  somewhat 
divexging,  transverse,  granulated  cost®, 
and  an  oblong  central  Uank  space  bi- 
sected by  a  linear  median  line.  !pab  D. 
p,  28,  t.  a  £  16. 

C  marpariUfera  (R). — Broadly  ovate, 
with  subacute  ends  and  transverse  ^pra- 
nul&tedstrin  like  rows  of  pearls.  Marme. 
Boephoms,  South  Africa.  It  is  closely 
allied  to  C,  Americana,  but  is  rather 
lai^r  and  not  curved. 

O.  mtuh  (Greg.). — ^Broadly  oval,  with 
suddenlv  contracted,  subacute,  short, 
point-liKe  apices,  transverse  rows  of 
very  large  pearl-like  granules,  and  a 
narrow-lanceolate  blank  median  space. 
GDC.  p.  20,  pL  1.  f.  26.  Scotland.  The 
CTanules  are  so  arranged  as  to  form  both 
longitudinal  and  transverse  series.  With- 
out the  central  nodule,  which  we  have 
not  detected,  this  species  agrees  with 
Rhaphoneis. 

d  *  Lateral  view  rhomboid, 

C.  rhombea  (R).  —  Rhomboid,  with 
about  three  longitudinal  lines  on  each 
side  the  median  suture.  EM.  pi.  35  a.  7. 
f.  2.  Aquatic.  Niagara.  1-1200".  Re- 
semblee  C,  Americana,  With  the  excep- 
tion of  the  median  line  and  nodule, 
flhrenberg's  figure  has  no  markings. 

C.  Americana  (R). — Small,  rhomboid, 
with  somewhat  produced  obtuse  apices 
and  £Ednt  (sometimes  obsolete)  dotted 
transverse  stri».  KS A.  p.  63.  C.  Mexi- 
cfma,  EA.  t.  3. 5.  £  7.  Mexico,  (xn.  48.) 

4*  Stria  deeuaeating, 

C.  decuaeata  (R).  —  Larpe,  broadly 
elliptic,  rough  with  decussatmg  series  of 
apiculi  KB.  p.  73,  pL  28.  £  17.  Cuba, 
India. 

C.  rhombifera  (B.). — Broadly  elliptic 
or  suborbicular,  with  a  sigmoid,  ob- 
liquely lonntudinal  median  line,  run- 
ning throng  a  smooth  npace,  attenuated 
at  uie  ends  and  enlargea  at  the  nodule 
into  a  rhomboid  figure;  surfiice  decus- 
sately and  transversely  punctate.  Bail, 
in  Proc  Acad.  Philai  1853.  Puget's 
Sound. 

5*  Stri€B  traneverge,  separated  into  ttoo 
series  on  each  side  the  median  Hne  by  a 
bUwk  longitudinal  fascia, 

C.  vseudo-m^ainaia  (Gre^j.).— Large, 
broadly  elliptical,  with  median  line  and 
nodules  having  on  each  side  fine  trans- 


verse strie,  interrupted  and 
into  two  series  by  a  longitudinal  blank 
fascia.  GDC.  p.  20,  pL  L  £  27.  (vn.  39.) 
Scotland.  Thin,  transparent,  the  ends 
less  rounded  than  in  many  species,  me* 
dian  line  not  reaching  the  extremities, 
and  enclosed  in  the  lanceolate  space 
formed  by  the  convergence  of  the  two 
lateral  failciee. 

C.  tmmatay  EM.  pL  6.  2.  £  12.  FossiL 
Morea.  We  have  seen  no  description  of 
this  species.  The  figure  represents  it  as 
elliptic^  having  its  transverse  strin  di- 
vided mto  two  series  on  each  side  the 
median  line  and  nodule  by  a  longitu- 
dinal blank  £E»cia,  as  in  some  species  of 
Navicula. 

6*  Disc  with  longitudinal  concentric  lines 
interrupted  by  radiating  coatee, 

C.  radiata  (Greg.).  —  Elliptic,  with 
rounded  ends,  about  8  concentric  lines 
interrupted  by  numerous  (18)  strong 
ravs  proceeding  from  the  umbilical 
nodule.  Greg  TMS.  v.  pL  1.  £  26. 
Scotland. 

C.  costata  (Greg.). — ^Valve  oval,  rather 
broad,  median  line  conspicuous,  nodule 
obsolete,  marked  with  strong  entire 
coBtsd  reaching  from  the  median  line  to 
the  margin;  spaces  between  the  cost® 
striate;  striae  at  right  angles  to  the 
costsB.  Glenshira  sand.  Greg  TMS.  v. 
p.  68,  pL  1.  £  27. 

7*  Median  line  and  nodule  excentric, 

C.  ?  excentrica  (Donkin), — Suborbicu- 
lar, divided  unequally  bv  the  median 
line,  which  does  not  reach  the  margin, 
and  furnished  with  fine,  dotted,  trans- 
verse, converging  striae.  Donkin,  TMS. 
vi.  pi.  3.  £  11.  Marine,  (vn.  40. J  North- 
umberland. One  of  Dr.  Donkin's  in- 
teresting discoveries,  remarioible  for  the 
excentnc  position  of  its  median  line  and 
umbilical  nodule,  and  probably  the  type 
of  a  new  genus.  The  striae  converge 
towards  the  umbilicus,  their  punctanear 
the  margin  are  closer  and  more  distinct, 
forming  a  broad  border. 

8  *  D^anaverse  stria  and  conspicuous 
margin, 

C.  coronata  (BrL). — Valve  oval ;  stri» 
transverse,  reaching  the  conspicuous 
median  line,  surrounded  by  a  costate 
band;  spaces  between  the  costsB  punc- 
tate ;  costas  about  9  in  -001" ;  stnae  15 
in  -001".  Bri  JMS.  vii.  p.  179,  pL  9.  £  3. 
Shell  cleanings.  West  Indies,  The  me- 
dian line  reaches  only  to  the  margin  of 
the  band ;  breadth  of  band  -0002". 
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C.>fiWa<a(R).— Valve  oval,  with 
a  crenate  intramarginal  line ;  coane 
transverse  puncta  reaching  the  median 
line.  EB.  1868;  Bri  JMS.  viL  p.  179, 
pL  9.  f.  43.  Corsican  Algsd.  This  species 
IS  readily  distinguished  by  its  peculiar 
looped  margin. 

Ikmbtful  and  undetcnbed  Speciea. 

C.  Navicula  (E). — Striated ;  the  navi- 
eular  side  ovate ;  the  front  view  nanrow- 
linear,  with  an  obscure  median,  lon^- 
tudinal  furrow.  EBA.  p.  63.  Baltic, 
parasitic  on  ^octiOartafMiradaxa.  1-864". 

C.  paradastOf  EM.  pL  9.  2.  f.  6.  Fossil. 
Pay  de  D6me.  Hgiires  small,  elliptic, 
smooth,  with  one  or  two  median  longi- 
tudinal lines  and  no  nodule. 

C.  Brttannica  (Nag.). — Larse,  elliptic, 
smooth,  with  an  accessory  umb,  mar- 
ginal outwardly  curved  lines,  and  a  di- 


stinct median  nodule.  KSA.  p.  89(X  On 
BritLsh  Algse. 

C.  tenmssima  (Nag.).  —  Elliptic,  very 
thin,  with  concave  venter  and  con- 
vex dorsum,  sometimes  wi^  a  narrow, 
opaque,  crenulated  limb.  KSA.  p.  89(X 
Cm  British  marine  AlgSB.  Vanes  m 
breadth  and  in  presence  or  absence  of 
strise  and  accessory  border. 

C,  di$cifonms  (£.),  C  mMticuimit  (E), 
a /Sbu^Min  (&),  Swan  River ;  C.wUiUU 
(R)^  a  undata  (EX  Western  Asia;  C 
^mida  (E.),  River  Jordan ;  C.  ac«rfa(E.), 
Ural  Mountains ;  C  turgida  (E.),  Sib^ ; 
a  Indica  (E.),  C.  Brafnaptttra  (E.),  C 
angusta  (E.),  India:  C,  Sol  (E.),  Oasb 
of  Jupiter  Ammon,  Africa;  CL8UBa(E)f 
Tenenfie;  C.  Ghm  (E.),  C  BnmUmm 
(E.),  a  Urata  (K),  Brazil;  C.  Mcrnm 
(S.),  Black  Sea. 


FAMILY  XV.— ACHNANTHE2E. 

Fmstules  genuflexed  downwards,  either  free,  adnate,  or  stipitate,  each 
lateral  surface  having  a  median  longitudinal  line  and  the  inferior  one  a 
central  nodule  or  stauros  also.  The  AohnanthesB,  like  the  Coceoneidefle,  have 
a  nodule  only  on  the  inferior  valve ;  but  this  is  almost  the  only  point  of 
resemblance.  The  bent  frnstule  and  dissimilar  lateral  sur^Eu^es  distinguish 
this  &mily  from  every  other.  In  their  mode  of  growth  the  AchnanUieie 
resemble  tiie  Biddulphiese. 

Genus  ACHNANTHTDIUM  (Kutz.).  —  Frustules  unattached,  solitary  or 
few  together,  rarely  nmnerous,  in  frt>nt  view  linear,  bent ;  ventral  valve  widi 
median  line  and  central  and  terminal  nodules ;  dorsal  valve  without  a  coitral 
nodule.  The  Achnanthidia  resemble  unattached  frustules  of  Achnanthee,  but 
are  generally  very  minute,  and  their  proper  position  is  still  somewhat  doubtful 
"  Admitting  it  to  be  proved  that  in  the  species  of  this  genus  there  positivdy 
exists  a  median  nodule  in  one  of  the  lateral  surfaces  and  not  in  Uie  other, 
and  that  two  puncta  exist  in  the  extremities  of  the  primary  sur&oes,  as 
stated  in  the  definition  of  the  order  and  in  that  of  the  family, — admitting  this, 
we  should  still  have  to  decide  whether  the  uncertain  relations  of  these  cha- 
racters to  other  families,  and  their  inconstancy,  will  give  us  any  right  to 
erect  a  distinct  genus  on  principles  so  slight  and  precarious  "  (Mcneghmi). 


*  FnuUdes  minute,  $mooth  or  obscurely 
Btriated, 

AcHNANTHinnjM  microcephalum  (K.). 
—  Frustules  extremely  minute;  valves 
lanceolate,  with  capitate  apices;  striae 
obsolete.  KB.  p.  76,  pi.  8.  f  13  &  19 ; 
SBD.  ii.  p.  81,  pL  61.  f.  880.  Fresh 
water.  Europe,  (xiv.  16.)  Front  view 
narrow-linear.     l-168(y'. 

A.  trmode  (Ar.).  —  Frustules  genicu- 
late ;  valves  with  one  central  and  two 
t()rminal  infiations:  median  line  and 
central    nodule    distinct ;    extaremities 


rounded ;  strise  obscure,  ss  Ntmetda  irt' 
nodis,  SBD.  ii  p.  94.  Fresh  water. 
Britain,    (vm.  9.) 

A.  lanceolaium  (Br^b.).  —  Frustulet 
minute;  valves  oblong-lanceolate,  widi 
obtuse  ends  and  turgid  centre;  stiia 
obscure.  Br^.  in  KSA.  p.  64 ;  SBD.  il 
p.  30,  pL  37.  f.  304.  Fresh  water.  En- 
rope.  Frustules  2  to  100 ;  strue  40  in 
•06l",  8.  The  transverse  band  of  the 
lower  valve  sometimes  extends  to  both 
margins,  sometimes  is  Infid,  and  on  one 
half  only. 

A.  dekcaUdum  (K.).  —  Frustules  mi- 
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d  ;  Talyes  yentricosey  with  rostrate 
a.  KB.  p.  76,  pL  8.  f.  21.  FalcateOa 
ctUula,  Rab  D.  p.46;  1 5.  £4.  Sub- 
rbae.    Germany,   (xiv.  16.)    1-1680". 


(Nag.).  —  Valves 
oeoli&  -  linear,  with  the  subacute 
cee  attenuated  or  obsoletely  capitate. 
2*.  in  KSA.  n.  800.  Switzerland. 
SL  Uneare  (S.).  —  Frustules  minute; 
veB  linear,  obtuse,  upper  with  median 
»  only,  lower  with  median  line  and 
lules;  stris  obscure.  SBD.  ii.  p.  81, 
61.  £381.  Freshwater.  Scotland. 
S^JIezeUum  (K.,  Br^.^— Valves  ob- 
Lg^,  with  gibbous  miadle  and  very 
^use  ends ;  median  line  sigmoid.  Br^b. 
5A.  p.  64.  «  CfymbeUa  mjlexella,  KB. 
»,  pL  4  £14;  KabD. p. 23, pi. 7.  f.  16; 


Achnanthes  Bavariea,  ERBA.  1868,  i 
626;  Coccaneis  ThuHntesit,  SBD.  i.  p.  2 
oL  3.  f.  33.  Fresh  water.  Europ 
1-660";  striae  indistinct;  front  vie^ 
with  genuflexed  venter,  convex  dorsun 
obtuse  ends,  and  a  notch-like  punctui 
at  the  middle  of  the  lower  margm. 

2  *  Ihistules  large,  distinctly  striated, 

A.  coarctatum  (Br^.). — Valves  eloi 
gated,  linear-oblonfi^,  constricted  at  tb 
middle,  with  sli^hUy  attenuated,  obtuE 
ends,  strias  distmct  Br^b.  in  SBD.  i 
p.  31,  pL  61.  f.  879.  s  Achnanthidiui 
Otrmtinurny  Rab  D.  p.  26,  pi.  8.  £  S 
Achnanthes  binodis,  £M.  pi.  34  6  B.  £  1 1 
Fresh  water.  Europe,  Africa,  Americi 
(vn.  41.) 


Genus  ACHNANTHES  (Bory  St.-Vinc,  Ag.).  —  Frustules  bent,  solitar 
aggregate,  attached  to  a  stipes,  a  central  nodule  in  the  lower  or  ventn 
Ive  only.  The  frustules  are  bent  downwards ;  so  that  the  upper  margin  i 
avex,  ihe  lower  one  concave.  In  some  species  the  lateral  portions  ai 
rgid,  the  central  one  looking  like  a  band  between  them ;  in  others  they  d 
>t  enter  into  the  front  view.  The  superior  lateral  surface  differs  from  th 
wer  in  the  absence  of  the  central  transverse  pellucid  line  and  central  nodule 
e  latter  appearing  like  a  punctum  in  the  front  view.  A  median  longitu 
nal  line  is  present  in  both  valves.  In  their  obscure  striae  "  three  specie 
lintUissima,  eanlisy  parwla)  present  great  analogy  of  form  with  the  pre 
ding  genus.  In  one  of  these  (jparvula)  there  is  wanting  the  characteristi 
igular  bending,  for  which  reason  it  becomes  very  similar  to  Odontidiui 
id  Diadesmis.  The  other  species  (striatce)  differ  only  by  very  slight  cha 
x^ters  from  each  other  "  (Meneg.). 


^  Vake$  divided  by  two  constrictions 
into  three  lobes, 

AcHNAMTHBS  ventricoso  (E.). — ^Valves 
vided  bv  two  constrictions  into  three 
»long  inflations ;  apices  rounded ;  striae 
stinct  EM.  1. 1. 2.  £  9 ;  1 1. 3.  £  18, 
h^Monogramma  ventricosa,  E.  Asia, 
frica,  America. 

I  *  Valves  distinctly  striated,  not  three- 
lobed.     Marine, 

t  Valves  costate. 

A.  hngjpes  (Ag.).— Greg;arious ;  valves 
iliptic-oblong,  costate,  with  momliform 
rife  between  the  cost®.  ASA.  p.  1 ; 
:B.  p.  77,  pL  20.  £  1 ;  SBD.  ii.  p.  26, 
800.  s  cSmferva  stipitata,  Eng.  Bot. 
2488;  A.  C&nrncAoe/ii,  Grev.  in  Br.  FL 
L  p.  404.  (vn.  42.)  On  Marine  Algae. 
Europe,  America.  Few-pointed;  frus- 
ules  large,  with  stout  elongated  stipes ; 
font  view  turgid,  with  convex  dorsum. 
^70"  to  1-120". 


2 1  Valves  striated,  but  not  costate. 

A.  brevipes (Ag.). — Gregarious;  valv€ 
oblong,  with  attenuated  acute  ends ;  stri« 
distinct,  moniliform,  20  in  -001" :  stipe 
stout,  short  AgCD.  p.  69 ;  SBD.  li.  p. 2: 
pi.  37.  £  301.  Marine.  Europe,  Ame 
rica.  (x.  199-202.)  Frustules  large,  ver 
turgid  in  front  view,  with  convex  doi 
sum,     1-860"  to  1-180". 

A.  saUna  (K.).  —  Frustules  striatec 
very  turgid,  obtuse-angled,  genuflexec 
with  sH^htily  notched  venter:  valve 
broadly  Imear,  with  cuneate  enos ;  strii 
punctated ;  stipes  very  short  thick.  KI 
p.  77,  pi.  20.  £  6.  Salt  marshes.  Europ< 
Differs  from  A,  brevipes  only  in  its  mox 
linear  valves  and  cuneate  ends.  Professo 
Smith  was  probably  right  in  unitin^ 
them. 

A.  intermedia  (K.).  —  Few-jointed 
frustules  striated,  obtuse-angled,  turgid 
valves  sublinear,  with  acutely  cuneat 
ends;  stipes  short,  distinct,  fine.  KI 
p.  76,  pL  20.  £  6.  On  Enteromorph 
tntestinaUs,    Germany,  France.    Smalle 
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than  A,  brevifteB,  with  leM  tuiffid  dorsum 
and  finer  8tri» ;  but  we  douBt  whether 
they  are  truly  distinct. 

A.  rhomlxndM  (£.). — Frustules  large, 
striated.  Terr  tiurgid.  nearly  straight; 
valves  broadly  lanceolate,  almost  rhom- 
boid, with  acute  apices;  stipes  riiort, 
thick.  EA.  p.  121.  =  A.  ventncosa,  KB. 
p.  76,  pL  20.  t  7.  Marine.  America, 
£urope. 

A.  tmtUiarHcukaa  (Ag.).  —  Frustules 
striated,  turgid,  with  rather  obtuse 
angles ;  valves  elliptic-lanceolate ;  stipes 
stout,  short  Ag  CD.  p.  69 ;  KB.  p.  76, 
pL20.  f.8.    Marme.    Europe.    1-812". 

A.  Capensis  (K.). — Frustules  striated, 
turgid,  <H)tuse-angled ;  valves  lanceolate- 
elliptic  or  oblong ;  stipes  elongated,  stout 
KR  p.  76,  t  21.  t  1.  Marine.  Cape 
of  Gk)od  Hope.  1-600".  It  varies  with 
few  or  many  frustules. 

A.  baciUaris  (E.). — Frustules  narrow, 
striated,  each  slightly  inliexed  at  the 
middle,  both  dorsaUy  and  ventrally 
equally  bacillar,  with  rounded  ends; 
stipes  short  ERBA.  1848,  p.  266.  Ma- 
rine. Venice.  Often  in  long  series.  It 
is  smaller  than  A,  hnmoei,  and  more 
slender  tiian  A,  brev^tea.  R 

A.  mbsessUis  (K). — Scattered,  of  few 
frustules ;  valves  linear-oblong,  with 
rounded  ends;  stri»  moniliferm,  24  in 
•001" ;  stipes  nearly  obsolete.  KBw  p.  76, 
t  20.  i  4 ;  SBD.  u.  p.  28,  pL  37.  £  302.« 
Achnanthes  turgenSfKA^.  121.  Common 
on  filiform  species  of  f&iteromorpha  in 
salt  marshes.  Europe,  America.  1-1160" 
to  1-430".  (vn.  43.)  Easily  recognized 
by  its  all  but  sessile  frustules. 

A.  angustata  (Grev.).  —  Front  view 
narrow;  length  -0060";  breadth  -0004"; 
striae  24  in  001".  Grev  MJ.  vii.  p.  163, 
pi.  8.  f  9.  In  Califomian  guano.  "  The 
striae  agree  in  number  with  those  of 
A.  BubeesgUis;  the  relative  length  and 
breadth,  however,  of  the  valve,  as  seen 
in  the  front  view,  is  so  widely  different 
from  the  nroportions  of  the  8]»ecies  above 
mentioned,  that  the  possibility  of  its 
being  a  variety  cannot  be  entertained" 
(Greville). 

A.  crmata  (Rab.).  — Valves  oblong- 
elliptic;  BtrifiB  gently  curved,  coarsely 
moniliform,  distant,  9  to  10  in  <X)1". 
Rab  D.  p.  26,  pi.  8.  £7.    Italy. 

A.  gemtflexa  (K.).  — Frustules  small, 
striated,  turgid,  obtuse-angled,  strongly 
bent;  stipes  short,  rather  stout  KB. 
p.  76,  pL  31.  f.  8.    Marine.    G^noa. 

A.  Qreaoriana  (Grey.).  —  Front  view 
of  frustuie  broadly  linear;  striae  very 
fine;  length  -0060"  to  -0060";  Ineadt^ 


•0010"  to  0015".  Grev  MJ.  viL  p.  84> 
pi.  6.  £13, 14  Marine.  Scotland.  In 
point  of  size  it  rivals  AL  /om^^ms,  but  is 
widely  separated  frt>m  it  in  the  chartder 
of  the  stnation  alone,  to  perceive  whidi 
requires  not  only  a  good  ooject-glass  bat 
deucate  manipulation.  As  in  many  of 
its  congeners,  the  frustules  vair  greatly 
in  both  length  and  breadth  (Gi«v.). 

A.  paehypus  (Montagne).  —  Fn^nks 
snudl,  finely  striate^  obtuse-angled, 
rather  turgid ;  valves  elliptic-ohloiig ; 
stipes  stout,  verv  short  Mont  Flob 
Boliv.  pi.  1 ;  KB.  p.  76,  jO.  29.  f.  8S. 
Marine.  Europe,  Asia,  America.  1-1730* 
to  1-1320". 

A,parvula  (K.).  —  Frustoles  minute^ 
nearly  straight,  obtuse-angled;  valves 
elliptic-oblong,  obtuse,  finely  striated; 
stipes  rather  stout  KB.  p.  76, 1 21.  £  5. 
On  Enteromorpha  in  brackish  water. 
Europe.  Frustules  stouter  than  in  A 
exiUa* 

3*  Very  ndmtte;  series  wtmim§  or 
mdistincL     Dresh  waUr. 

A.  exUiB  (K.).  —  Frustules  slender, 
linear;  valves  lanceolate,  tapering  to 
the  subacute  I4)ices;  striae  indistinct; 
stipes  slender,  elongated.  KR  p.  76^ 
t21.  f.4;  Ralfe,ANH.xiiLp.l4.  £15; 
SBD.  iL  p.  29.  Fresh  water.  Europe, 
Asia,  America,  (vn.  44.^  A.  criZw  is 
easily  known  by  its  minute,  slender, 
hvalme  frustules  from  every  other  roe- 
ciee  except  A.  mimdissima.  From  tnat 
species  it  differs  by  its  tapering,  more 
lanceolate  and  acute  valves,  and  by  its 
elongated  stipes. 

A.  mmutimma  (K). — ^Frustules  slen- 
der, linear;  valves  Imear-oblong,  with 
rounded  ends ;  striae  obsolete ;  s^es 
fine,  shorter  than  the  frustuie.  KR 
p.  76,  pi.  13.  £ 2c ;  Ralfe, ANH.  xiEjLU 
f.  IL  Fresh  water.  Europe.  We  for- 
merly considered  this  a  varietv  of  A 
extlis,  and,  still  doubting  whether  the 
differences  are  constant,  think  that  Pro- 
fessor Smith  may  rightly  have  united 
them. 

Doubtful  Sj9ecie9, 

A.  P  aremcola  (BaiL). — Frustules  mi- 
nute, rectangular  or  slightly  curred; 
valves  lanceolate,  striate;  s^pes  diort 
BaiL  Sm.  Cent  ii.  p.  88,  pL  2.  £  la 
Marine.  America.  It  is  poesibly  a  m- 
cies  of  Hyalosira,  but  requires  furtoer 
study  (BaiL). 

A.  mu^aii$f  EM.  pL  36  a.  2.  £1. 
South  Africa.     Frustuks  linear,  um- 
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formly  ctnred,  with  truncate  ehda  and 
striated  nuurgin. 

A.  P  tMBquaHs^L),  — Unequallj  bent 
and  smooth.  £M.  pi.  16.  1.  f.  46,  & 
pL17.2.£26.   FossiL  Sweden,  flnlaod. 

A.? paradoxa  (E.), — Fnistoles  ovate, 
obtoee,  twice  as  long  as  broad,  with  16 
tnmsrerse,  scabrous,  punctated  lines  in 
1-1162".    ERBA.  1846,  p.  73.     Fossil 


United  States.    1-900".    No  nodule  ob- 
served, R 

J^fedes  known  to  ua  only  by  name. 

A,  t%iryida  (£.),  Australia,  America ; 
A,  Indiea  (EL),  India ;  A.  Javanica  (E.), 
Java;  A.  obtuBa  (R),  Africa;  A.  Semen 
(E.),  America ;  A,  Brankenne  (R),  Bra^ 
zil ;  A,  incraesata  (R),  America. 


(Mentis  GYMBOSIB.A  (Kutz.). — Fnistoles  as  in  Achnanthes,  stipitate,  con- 
nected into  series  by  a  gelatmons  process  or  hinge  (isthmus).  Cymbosira 
differs  from  Achnantlies  by  the  same  character  as  Diatoma  from  Fragilaria. 


CYMBOsniA  AoardkU  (K.),  —  Frus- 
tulee  linear,  slightly  curved,  with  rounded 
Ibices;  valves  linear,  oblonff,  scarcely 
dilated  at   the  middle,  with  rounded 


obtuse  apices.  KB.  p.  77,  pL  20.  f.  a 
^Achnanthee  teriata,  AgCD.  Marine. 
Venice,  Cgrenne.  (xiv.  14).  1-960"  to 
1-288".    Stipes  very  short 


Genus  MONOGRAMMA  (Ehr.). — Frostules  famished  with  transverse  pin- 
nules, a  median,  transverse,  linear  band  on  one  valve  only,  three  ventral 
nodules  and  two  dorsal.  ^=Stauroptera  with  a  stauros  on  one  valve  only,  or 
to  a  solitary  Achnanthes  with  terminal  puncta. — ^EEBA.  1843,  p.  136.)  Not- 
withstanding Ehrenberg's  remarks,  we  cannot  distinguish  this  genus  from 
Achnanthidium.     The  species  are  biown  to  us  only  by  name. 

MoNOGRAMHA  Achnanthes  ^),  India.  I      M.  ventricosa  (R)  =  Achnanthes  ven* 
M.  trinodie  (E.),  Sandwich  Islands.       |  trieoea. 


FAMILY  XVI.--CYMBELLE^. 

Frostolee  cymbiform ;  valves  lunate,  with  a  longitudinal  line,  and  mar- 
ginal or  subcentral  nodule.  In  shape  the  CymbellesB  are  very  similar  to  the 
EonotieaB,  but  they  differ  essentially  both  from  them  and  the  Naviculeae  by 
the  median  nodules  of  the  lateral  surfiGices  being  marginal  or  submarginal. 

Genus  CYMBELLA  (Ag.,  Kiitz.). — Frustules  free,  cymbiform ;  transverse 
strite  interrupted  by  a  longitudinal  line  having  central  and  terminal  nodules, 
and  dividing  the  valve  into  unequal  portions.  The  frustules,  in  the  lateral 
view,  have  one  margin  (dorsum)  convex,  and  the  other  (venter)  straight,  or 
at  lettst  less  developed.  In  consequence  of  this  form,  the  longitudinal  line 
divides  the  surface  unequally,  being  much  nearer  the  lower  margin.  Cymbella 
includes  species  distributed  in  the  genera  Cocoonema,  NavicuLa,  and  Pinnu- 
laria  of  Ehrenberg's  system. 


*  Valves  unth  one  margin  triundulate. 

Oyhbrlla  Arcus  (Ghreg.^.  —  Valves 
slender,  semilanceolate,  with  straight 
venter,  convex,  triundulate  dorsum,  and 
produced,  minute,  capitate  apices.  Oreg. 
m  MJ.  iv.  p.  6,  pL  L  £  21 ;  SBD.  u. 
p.  85.  Scotuind.  Minute ;  longitudinal 
line  and  nodules  submftmnal;  transverse 
striflB  very  fine,  40  in  OOl". 

C.  simiata  (Greg.). — Valves  lanceolate, 
with  subcapitate  apices,  gently  convex 
dorsum,  ana  triundulate  venter.  Greg. 
MJ.  iv.  p.  4,  pi.  1.  f.  37.  Scothmd. 
Minute;   transverse   strisB  conspicuous, 


about  20  in  -001",  scarcely  reaching  the 
median  line. 

2^  Vdhes  without  tritmdulate  margins, 

t  Valves  with  produced  or  capitate 
apices. 

0.  EhrenberaU  (K).— Valves  broadly 
lanceolate,  with  unequal  sides,  suddenly 
contracted  into  rather  obtuse,  slightly 
produced  apices;  transverse  striaB  di- 
stinct, punctate,  12  in  1-1200".  KB.  p.  79, 
1 6.  £  11 ;  SBD.  i.  p.  17,  pi.  2.  £  21.  =  JVa- 
vicuia  inaqualis,  £  In£  1 13;  IHnmdaria 
in€eqtialis,  EM.  many  figures.     Common, 
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both  recent  and  fbssiL  Europe,  Asia, 
Africa,  America,  (vn.  46;  ix.  164.) 
Lar^;  length  1-216".  Differs  from  a 
Navicula  only  in  havinff  one  maivin  of 
the  valves  less  convex  tnan  the  other. 

C.  heteropleura  (E.,  K.).  —  Valves 
broadlv  lanceolate,  with  unequally  con- 
vex sides,  suddenly  contracted  mto  short, 
broad,  very  obtuse,  beak-like  apices; 
strise  distinct  KKja.  79,ssPiniMhria 
Meropleura,  EM.  pi.  5.  2.  t  11.  North 
Amenca.  Laige ;  allied  to  C  Ehren^ 
bergii,  but  with  more  obtuse  apices. 

C.  euspidata  (K.).  —  Valves  broadly 
lanceolate,  with  unequally  convex  sides, 
suddenly  contracted  into  subacute,  short, 
rostrate  apices ;  striae  delicate,  18  to  20 
in  l-120(y\  KB.  p.  79,  t.  3.  £  40 ;  SBD.  i. 
p.  18,  pL  2.  I  22.  Europe.  1-676". 
(vn.  46.)  Dififors  from  the  preceding 
species  in  its  smaller  size,  more  gracefru 
form,  and  narrow  beaks. 

C.  rotirata  (Rab.).  —  Valves  semilu- 
nate,  with  dorsum  strongly  and  venter 
slightly  convex;  ends  produced  into 
short,  subacute  beaks ;  stnss  dotted,  con- 
vereing,  12  or  13  in  1-1200".  Rab  D. 
p.  22y  pi.  7.  f.  6.  Italy.  SmalL  Very 
nearly  allied  to  C  eufpidata, 

C.porrecta  (Rab.).  —  Valves  turgid- 
lanceolate,  with  imequal  margins ;  ends 
produced  into  rather  long,  stout,  obtuse 
oeaks;  striae  stout,  somewhat  converg- 
ing, 6  in  1-1200".  Rab  D.  p.  22,  pL  10. 
f.  10.  Italy.  Venter  lees  turgid  than 
the  dorsum. 

C.  fomieata  (Rab.). — ^Valves  lunate, 
with  very  fine  convex  dorsum,  gibbous 
venter,  and  produced,  obtuse,  rostrate 
ends ;  striae  fine,  smooth,  7  or  8  in 
1-1200".  Rab  D.  p.  22,  pi.  10.  f.  9. 
Persia. 

C.  (jmmhieephaila  (Nsg.).  —  Smooth ; 
valves  elliptic,  with  unequal  sides  and 
produced  capitate  apices;  front  view 
oblong  with  truncate  ends.  ESA.  p.  890. 
Switzerland. 

C.  cBqudUa  (8.). — ^Valves  lanceolate, 
nearlv  s^Tnmetrical,  with  shortly  pro- 
duced, slightly  curved,  obtuse  extre- 
mities ;  stnee  fine,  30  in  *001".  SBD.  ii 
).  84 ;  Grev.  in  ANH.  2  ser.  xv.  pL  9. 
•.  4  Britain.  A  very  distinct  species, 
which  differs  horn  Navicula  only  oy  the 
slightly  curved  ends,  Grev. 

Q.pachycephdUi  TRab.). — ^Valves  semi- 
lunate,  curved,  witn  very  convex  dorsum 
and  gibbous  venter,  strongly  constricted 
beneath  the  produced  capitate  apices; 
striae  granulate,  somewhat  converging, 
7  or  8  in  1-1200".  Rab  D.  p.  22.  =  & 
€tin/c€phaia,  Rab.  t  7.  f.  10.     Servia. 


I 


C.  ^ithemioides  (Rab.). — ^Valves  aieo- 
ate,  with  convex  dorsum,  amcave  venter, 
and  produced,  obtuse,  slightly  recurved 
ends;  striae  stout,  somewhat  cfmverg- 
ing,  6  in  1-1200".  Rab  D.  p.  22.= C 
costaiaf  Rab.  t  7.  £  la  Salzburg. 
Like  an  Epithemia,  but  having  a  caital 
nodule. 

C.  Chregorii  (Ralfe).— Valves  arcuate, 
with  convex  dorsum,  straight  venter,  and 
slightly  produced  truncate  apices ;  strie 
distinct  =  C  tnmeaia^  Greg,  in  MJ.  m. 
p.  38,  pL  4  £  a    Scotland.    SmalL 

C.  Utrgida  (Greg.).  —  Valves  lunate, 
with  turgid,  convex  dorsum,  nearly 
straight  venter,  and  produced,  minute, 
acute  apices;  striae  very  conspicuous, 
about  24  in  -001".  Greg  MJ.  iv.  p.  6, 
pL  1.  £  18.    Scotland,  America. 

C.  Piscicuius  (Greg.). — ^Valves  lanceo- 
late, with  convex  dorsum,  neariy  straight 
venter,,  and  obtuse,  sub<»pitatB  apices; 
striae  about  30  in  -001".  Greg,  in  MJ. 
iv.  p.  6,  pL  1. 1  20.    Britain. 

C.  excisa  (K.). — Valves  semilunate, 
with  slightly  recurved,  produced  apkes, 
veiy  convex  dorsum,  and  a  stnight 
venter,  notched  at  its  middle ;  strin  16 
in  1-1200".  KB.  p.  80,  pL  a  £  17. 
Europe.    Minute. 

2 1  Apices  neither  rostrate  nor  capitate. 

0.  qfflnia  (R.). — Valves  lanceolate, 
with  subacute,  scarcely  produced  apices, 
and  the  doisal  margin  more  convex  than 
the  ventral ;  striae  fiunt,  19  in  1-1200^. 
KB.  p.  80,  pL  6.  £  15 ;  SBD.  i  p.  18,  pi.  80, 
£  250.  a  Cocconema  Fktsidimny  EM.  msny 
figures.  Europe,  Asia,  Australia,  Africa, 
America.  Mmute;  terminal  nodules 
laige.     1-1150"  to  1-620". 

0.  ddteatuUi  (K.). — ^Valvee  uneoually 
and  narrowly  lanceolate,  smootii.  KSA. 
p.  69.    France.    Minute.     1-1200". 

C.  chtusmaeuUi  (K.). — ^\^alves  lanceo- 
late, with  one  mai^in  rather  less  convex 
than  the  otiier ;  apices  somewhat  obtuse, 
not  produced;  striae  fine,  18  to  20  in 
1-1200".  KB.  p.  79,  pi.  3.  £  68.  Europe. 
1-600".  Differs  from  a  Navicula  only  oy 
its  slightly  unequal  margins. 

C.  HdoeUca  (K.).~Valve8  elongated, 
somewhat  arched,  slendei^lanceolate, 
with  slightly  gibbous  venter,  and  rather 
obtuse  apices ;  striae  fine,  granulated,  13 
or  14  in  1-1200".  SD.  L  p.  18,  pL  2.  £  24. 
Europe.  (xiv.24r-2a)  Laxie.  1-264" 
to  1-240".  Front  view  oblong,  trun- 
cate. Akin  to  C,  gastroides,  but  more 
slender,  K. 

C.  maxima  (Nag.V  —  Valves  slender, 
with  attenuated,  rather  obtuse  ends,  and 
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inflated  venter:  strin  16  in  1-1200." 
KSA.  p.  890.  Switzerland,  1-180"  to 
1-120"! 

C.  aastroides  (K-). — Valvee  lunate, 
with  obtuse  apices ;  yenter  slightly  con- 
cave, with  gibhous  centre ;  strwB  granu- 
kted,  11  or  12  in  1-1200^'.  KB.  p.  79, 
pL  6.  f.  4  6.      Europe,     (xiv.  18-20.) 


C.  truneata  (Kab.). — ^Valves  ad  in  C 
gattroidesy  but  with  broadly  truncate 
Juices.  RabD.  p.21;  C.ftam,t 7, IS. 
=  a  ffostroides,  KB.  p.  79,  pL  6.  f.  4a. 


r  (E.,  BL  ). — ^Valves  slender, 
arcuate,  with  ^bbous  venter  and  attenu- 
ate apices ;  stnae  very  fine,  17  in  1-1200". 
KB.  p.  79,  pi.  6.  £  14.  =  Coeconema  Im- 
toceraSf  EA  and  M.  many  figures.  Eu- 
rope, Asia,  Australia,  A&ica,  and  Ame- 
rica. Minute ;  front  view  elliptic-oblong, 
with  rounded  ends. 

C.  macukUa  (K.). — ^Valves  semiorbicu- 
lar,  with  very  convex  dorsum  and  straight 
or  gibbous  venter ;  striae  very  fine,  12  to 
13  in  1-1200".  KB.  p.  79,  pL  6.  f.  2.  = 
C  Lumda,  Rab  D.  p.  23.  =  Coeconema 
Lunula,  EA  and  M.  many  figures.  Com- 
mon. Europe,  Asia,  Africa,  America. 
Minute:  front  view  elliptic,  with  trun- 
cate ends. 

C.  ohtuM  (Greg.). — ^Valves  semi-oval, 
with  very  obtuse  apices,  convex  dorsum, 
and  nearly  straight  venter;  strise  verv 
fine,  inconspicuous,  about  36  in  <X)1' . 
Greg  MJ.  iv.  p.  6,  pi.  1.  f.  19.  Scotland. 
Minute. 

C.  veniricoM  (Ag.). — ^Valves  semilu- 
nate,  with  very  convex  dorsum,  straight 
venter,  and  laige,  distinct  terminal 
nodules;  striss  mconspicuous,  30  in 
OOr.  Ag  CD.  p.  9;  KB.  p.  80,  pi.  6. 
f.  16;  SBD.iLp.84.    Europe.   Minute. 


1-1000".  Front  view  oblong,  with  trun- 
cate ends. 

C.  microstoma  (Rab.\ — ^Valves  Innately 
curved,  with  broadly  ootuse  ends ;  dorsum 
convex,  depressed  at  the  centre ;  venter 
concave;  nodules  very  minute;  stri» 
smooth,  7  or  8  in  1-1200".  Rab  D.  p.  22, 
t  10.  f.  3.    Persia. 

C.  ScoHca  (S,), — Valves  slender,  semi- 
lanceolate,  with  straight  ventral  margin 
and  acute  apices;  striee  42  in  *00i'\ 
SD.  i.  p.  18,  pL  2.  f.  26.    Britain. 

C.  gracilis  (R,  K.).  — Valves  slender, 
semilanceolate,  with  straight  or  slightly 
concave  ventnd  margin  and  subacute 
apices ;  strice  very  fine  or  obsolete,  17  in 
l-120a'.  KB.  p.  79,  pi.  6.  f.  9.*  Cocco- 
nema  graciky  EM.  several  fi^^ures.  Eu- 
rope, Asia,  Africa,  Amenca.  Lough 
Moume  deposit.  Small.  1-840^'  to 
1-600". 

C.  hmata  (S.). — ^Valves  narrow,  lunate, 
with  slightly  concave  venter,  and  rather 
obtuse  apices;  strise  distinct,  24  in 
•001".  SBD.  ii.  p.  84.  Grev.  in  ANH. 
2nd  ser.  xv.  pL  9.  £  5.  Scotland.  Di- 
stinguished from  C  Helvetica  by  its 
smaller  size  and  concave  venter,  and 
fr^m  C  ScoHca  by  its  coarser  strice  and 
obtuse  ends,  Grev. 

C.  eurwda  (Rab.\ — ^Valves  smooth, 
lunate,  with  convex  aorsum,  slightly  con- 
cave venter,  and  obtuse  ends,  itab  D. 
p.  23,  t.  7.  f.  14  6.    Italy. 

C.  ?  BiavuB,  'E.si  Coeconema  Diana, 
EM.  ^L  15  A.  f.  100  a.  Lough  Moume 
deposit  SmalL  Valves  lunate,  with 
convex  dorsum,  concave  venter,  and  ob- 
tuse apices. 

C. P  Naviculars  Coeconema  Navicula, 
EM.  pi.  17.  2.  f.  36.  Finland,  —Valve 
lanceolate,  with  the  dorsum  rather  more 
convex  than  the  venter. 


Genus  COCCONEMA  (Ehr.).  —  Frustules  cymbiform,  stipitate  ;  lateral 
surfaces  lunate,  striated,  and  divided  unequally  by  a  longitudinal  line  with 
median  and  terminal  nodules.  The  frustules  are  similar  in  form  to  those  of 
CymbeUa,  and  when  detached,  their  proper  genus  is  often  doubtful ;  the  lower 
maigin,  however,  is  less  frequently  convex  than  it  is  in  Cymbella. 


CoccoNRMA  laneeolatum  (E.). — ^Front 
view  lanceolate,  truncate;  valves  elon- 
gj^ed,  arcuate,  or  semilanceolate,  centre 
of  venter  gibbous ;  striaa  moniliform,  21 
in  <X)r'.  H[.  t.  19.  f  6 ;  SBD.  i.  p.  75, 
pL  23.  t  219.  Europe,  Asia,  Australia, 
AAica,  America,  (x.  194, 195.)  Length 
\J21&  to  1-120".  Ventral  mar^  of 
frustule  nearly  straight,  with  shghtly 
^bbous  centre;  stipes  dichotomous, 
articulated. 


C.  asperum  (E.). — ^Habit  and  size  of 
C.  lanceolaium,  but  with  striee  denticu- 
late or  interrupted  by  puncta.  EM. 
many  figures.  Australia,  Asia,  Ame- 
rica; fossil^  Prance.  1-288".  We  fear 
this  form  is  scarcely  distinct  from  C 
lanceokUum* 

C.  fossUe,  EM.  t.  19.  f.  57.  Greece. 
Ehrenberg's  figure  represents  a  smaller 
species  than  V.  asperum,  with  straight 
ventral  margin,  nearly  marginal  longi- 
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tudinal  line  and  nodnke,  and  denticidate 
striae. 

0.  ^rwim  (Nag.).— Pulyinate;  valves 
slender,  sublunate,  with  attenuated  ends 
and  obtuse  ibices:  striiB  verv  fine. 
KSA.p.8Q0.  Rocks  in  streams.  Switzer- 
land. Large;  stipes  long,  articulated; 
frustules  in  front  view  laiMeolate. 

0.  eomutum  (E.). — Valves  slender; 
lunate,  gradually  tapering  into  long  ^ida, 
with  obtuse  ibices ;  venter  concave,  gra- 
dually tumid  at  its  middle.  EM.  pL  16  a. 
f.  04  America,  Berlin.  Lough  Mourme 
deposit  Large;  diffisrs  from  C  laneeo- 
latum  in  its  more  slender  and  tapering 
form. 

C.  Mtxieanum  (R). — Stout;  valves 
lunate,  with  obtnsiB,  slightly  produced 
ends;  ventral  margin  slightly  tumid; 
dorsum  ver^  convex;  strise  IS  in 
l-1162"jdistmctly  and  elegantly  granu- 
lose.  EM.  pL  33.  7.  £  6,  7.  ALazico. 
Large.     1-206". 

C.  dstula  (E.).— Valves  lunate,  with 
very  convex  dorsum,  and  the  concave 
venter  tumid  at  its  centre ;  stroes  elon- 

rkted,  filiform,  subsimple.  £1.  t.  19. 
7 ;  SBD.  i.  p.  76,  pL  23.  £  221.= <?oin- 
phanema  9em%'eiliipUeum^  Ag  CD.  p.  33 ; 
G.  simplex f  ESA.  p.  37.  iSirope,  Asia, 
America,  (x.  196-l©a)  1-1160"  to 
1-430".  front  view  elliptic-oblong, 
with  obtuse  ends. 

C.  Gracum  (E.).— -Habit  of  C.  Cutula, 
but  with  stronger  and  fewer  striffi,  12  to 
13  in  1-676".  ERBA  1840,  p.  12. 
Greece.    1-676". 

0.  P  biceps  (E.^. — ^Valves  turgid,  semi- 
oval,  each  enos  m  a  flat  and  tumid  mar- 
sroiy  suddenly  rostrate,  obtuse;  sides 
longitudinally  sulcate  and  transversely 
striate.  ERBA.  1846,  p.  362.  Marine. 
India.    1-676".    Habit  of  C.  C&futo. 

C.  cymbifarme  (Ag.,  E.). — Slender; 
valves  lunate,  with  somewhat  obtuse 
apices;  venter  straight  or  slightly  con- 
cave, with  rather  tumid  centre;  stipes 
intricate,  forming  a  compact  gelatinous 
mass.  £1.  pL  19.  f.  8 ;  SBD.  i.  p.  76, 
pL  33.  £  220.  »  OvmbeOa  eymbi/ortma, 
Ag  CD.  p.  10;  JFrwtulia  eymb%formiM, 
ESA  Europe,  Asia,  America,  (xn. 
46.)  1-600'^^  to  1-160".  Transverse 
stnee  16  in  1-1200^'.  Front  view  linear- 
lanceolate,  with  truncate  ends.  It  forms 
a  brownish  compact  covering  on  rocks, 
which  is  fr^uently  of  considerable 
thickness  and  extent. 

C.P  actUym  (E.\ —Slender,  slightly 
curved,  smooth  (P),  with  acute  ends; 
ventral  margin  slightly  tumid  in  the 
middle.  EA.  p.  128.  Labrador,  FalaiseP. 


Small;  habit  of  a  curved 
phiiMcys, 

C.  turmdum  (6r^.).— VslTes 
nate,  with  obtuse,  scarceW  ptg^ued 
ends;  ventral  mazflfin  nearlT  atnigfct; 
front  view  lanoeoJbEitey  with  tz«acsto 
apices.  ESA.  p.  60.  France.  &niL 
1-676".  Stri»  16  in  l-1200r. 
elongated,  filiform,  simple. 

C.  qfine  (E.>— Valves  IvMUte,  witk 
very  convex  dorsum;  stqKs  intrieate. 
ESA.p.69.  France.  Minute.  Bceemba 
CymbeUa  qfittis,  but  is  stij^tate. 

C.  ffibhum  (E.^. — ^Valves  semieD^lk, 
with  truncate^  slightly  nrodnoed  imuM ; 
transverse  strue  very  delicate.  KB.  L  & 
f.  a  Eurq>e.Asia.  (xnLia)  l-4dCr. 
/3  sessile.  StiTOs  obsolete,  s  C^fwUU 
Ortimana,  Bab  D.  p.  23. 

C.  ArcuB  (£.).— Semilnnate,  with  ob- 
tuse apices ;  dorsum  very  convex,  rmta 
not  giobous.  EM.  several  figures.  Aoa, 
America,  Loi^  Moume  deposit. 

C.  panmm  (S.). — ^Valves  lunate,  with 
subacute  ends;  ventral  mai;^  ^'^"'^ 
gibbous ;  front  view  neariy  linear.  8Bu. 
1.  p.  76>  pi.  23.  f.  222.  (vn.  47.)  Cfi< 
BeachyHead.  Minute.  -0009^  to  OOIT. 
Stri»  21  in  -001". 

C.  Saxonicum  (Rab.). — Valves  sad- 
lunate,  with  acute  ends ;  ventral  iBirgm 
straight  or  slightly  concave ;  dorsum  rm 
convex ;  striss  front.  Rab  D.  p.  24,  t  id 
f.  11.  Saxonv.  Minute.  The  front 
view  is  figured  as  oblong,  with  tnmciie 
endsy  and  the  stipes  dil^ed  bensadi  th» 
frustule. 

C.  Boeekii  (R).— Valves  ekngtted, 
lanceidate,  with  subacute  i^iiees;  froot 
view  linear-lanceolate,  obtuse ;  ttnm  K 
inl-120a'.  EInf:tl9.£5.s=<90«^ 
nema  lanceoiatum^  Ag  CD.  p.  34;  Dvf- 
ohoraBoeckU^SBJ),  L p.  77,  pL 24.  f  238. 
Marine.  Europe.  Large.  l-21(t  to 
1-120.  Stipes  dichotomously  divided, 
(vn.  48.)  This  species  is  no  doubt 
wrongly  referred  to  Coeconems,  smee 
both  margins  of  the  lateral  valves  tre 
symmetaricaL  We  regard  it  as  a  ttaUnd 
Navicula,  and  find  a  central,  thoodi  in- 
conspicuous, nodule — a  fi^ct  whicA,  we 
think,  forbids  it  bon^  placed  in  Borj- 
phora  as  Professor  Smith  proposed. 

i^9ecie$  known  to  us  omfy  hy  name. 

C.  subtile  CE.)y  Asia,  Ameiies;  C* 
cingulatum  (£.),  Oeorgi*;  C  Jsptm- 
cum  (^E.),  Java;  C  Armicamm  (£)? 
America. 
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Genus  STNCTCLIA  (Ehr.) — Frastales  cymbiform,  oonneoted  in  a  oircnlar 
manner  within  an  amorphous  gelatinous  substance.  ''  Whenever  the  lateral 
sorfacee  are  inclined  to  each  other  by  the  different  extension  of  the  two  pri- 
mary surfaces,  the  aasodated  series  must  be  formed  circularly"  (Meneg.). 


Syncycua  8a^  (E.).  —  Fmstules 
semi-oTsly  smooth,  mostly  connected,  in 
sixes,  into  short  tubes  or  rinffs ;  colour- 
ioff  matter  ^e  green.  E  Inf.  p.  233, 
t.  20.  f.  11 ;  KSA-  p.  61.  Marine,  near 
Wismar.  (vn.  63 ;  x.  206.)  Length 
1-2300"  to  1-670".  When  dry,  longi- 
tudinally plicate. 

S.  quatemaria  (E.). — ^Fmstules  binate 


or  qustemate,  smooth ;  colouring  matter 
golden-  or  reddish-brown.  ERBA.  1840, 
p.  22;  ESA.  p.  61.  Marine.  Europe. 
1-864". 

Sjpeciea  known  to  us  only  hy  name, 

S.  granuUtta  (E.),  (Georgia;  S.  Am^ 
phora  (E.),  Palestine. 


Genus  ENCTONEMA  (Kiitz.). — ^Fmstules  cymbiform,  arranged  in  longi- 
tudinal series  within  submembranous  tubular  filaments.  Valves  divided 
unequally  by  median  line  and  nodules.  "  Encyonema  differs  from  Schizo- 
ncma  and  other  frondose  genera  of  Diatomaceae  in  the  form  of  its  frustules, 
a  single  frustule  resembling  one  of  CymbeUa  or  Cocconema.  It  is  more 
probable  that  some  bodies,  which  are  really  congeries  of  the  ova  of  certain 
insects,  will  be  at  first  sight  classed  with  Encyonema ;  but  these  ova,  although 
cymbiform  and  arranged  in  longitudinal  series,  are  neither  siliceous   nor 

striated The  lateral  siufaces  of  the  finstule,  being  convex,  ar^  observed 

in  the  front  view,  in  which  also  the  frustules  are  quadrilateral,  with  two 
puncta  at  each  end.  These  puncta  are  less  easily  discerned  in  the  dorsal 
view,  and  the  dorsum  is  longitudinally  convex.  The  lateral  view  is  semi- 
elliptic,  with  numerous  transverse  striae,  which  are  interrupted,  as  in  Cocco- 
nema, by  a  longitudinal  pellucid  line"  (Ralfe).  Professor  Smith  says  that  the 
frustules  of  Encyonema,  even  when  removed  from  the  frond,  may  be  distin- 
guished from  those  of  C^mbeUa, ''  as  the  terminal  nodules  of  the  median  line 
in  CymbeUa  are  placed  at  the  extremities  of  the  valves,  while  in  Encyonema 
they  are  removed  to  some  distance  above,  and  occupy  a  place  nearer  the 
central  nodule." 


EircYOiancA  prottnUutn  (Berk,  Ral&). 
—  Filaments  subsimple;  valves  wiu 
rounded,  mostly  incurved  ends;  striae 
18  in  -001".  Length  -0016"  to  0024". 
Ralfs,  ANH.  1st  ser.  xvL  pi.  3.  f.  3 ; 
KSA.  p.  61 ;  SD.  ii.  p.  68,  pi.  54.  f  346. 
=  Monema  progtratwniy  Berk  BA.  ]^.  4. 
t  3 ;  Skhkonema  prostrcftum,  Grev  BFl. 
p.  414 ;  Encyonema  paradoxum,  E  Inf. 
p.  237;  GkBonema  Zeibleini,  Ag  CD. 
p.  31  ?  Europe,  Asif^  America.  The 
valves  have  a  depression  beneath  each 
apex ;  sometimes  the  depression  is  very 
snght,  at  others  so  deep  and  notch-like 
that  the  ends  become  rostrate.  The 
former  condition  is  the  £,  paradoxum  of 
Kiitzing.     (vn.  49  j  xiv.  22^ 

E.  AuerewaidH  (Rab.). — ^Valves  with 
very  convex  dorsum,  slightly  gibbous 
venter,  and  contracted,  produced,  obtose 
ends ;  striae  11  or  12  in  OOl".  Rab  D. 
p.  24,  pi.  7.  f.  2.     Leipzig. 

E  eaapUosum  (K.). — Filaments  erect, 
tufted,  much  interwoven;    valves  with 


convex  dorsum,  slightly  tumid  venter,  and 
straight,  slightly  produced,  obtuse  ends ; 
8tri»  24  in  001".  KSA.  p.  61 ;  SBD.  I 
p.  6Sy  pL  55.  f  346. =-E:  proHratum,  KB. 
p.  82.  Europe.  The  frustules  are 
smaller  than  those  of  JS.  prostratum* 

E.  triangulum  (E.,  KX — ^Valves  with 
very  convex,  gibbous  dorsum,  slightly 
convex  venter,  and  produced,  acute 
apices.  KSA.  p.  62.  =  Okeonema  tnan" 
cnOum,  ERBA.  1845,  p.  77 ;  EM.  1 35  a. 
7.  f.  10.  River  Niagara.  Dorsum  so 
tuTffid  as  to  give  the  valve  a  triangular 
outline.  "  It  is  a  very  remarkable  cir- 
cumstance, that  I  often  found  two  differ- 
ent sorts  of  frustules  in  the  same  tube 
— one  very  delicate  and  straight  like  a 
Naunema,  the  other  the  large  curved 
kind.  Even  to  the  present  moment  I 
cannot  explain  this  phenomenon ;  for  both 
sorts  were  in  consiaerable  quantities  and 
quite  free,  and  therefore  it  is  difficult  to 
suppose  one  a  parasite  "  (E.\ 

E.    Sinensie   (E.).  —  Valves   oblong, 
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striated,  with  the  habit  of  Cocconema, 
but  suddenly  reflexed  under  the  t^^ 
obtuse  apices  in  the  manner  of  Eunotia. 
a  Gloeonema  Sinense.  ERBA.  1847, 
p.  484 ;  EM.  China,  Java.  Ehrenberg's 
ngure  represents   the  valye   distincfly 


middle  and  indistinct  strift.  Bab  D. 
p.  26,  pL  10. 1  1.  Salzbuig.  Fras^uks 
minute. 

BoMfid  SpedM, 
E.  glMferum  (Ag.). — FiLunents  ab- 


striated,  with  straight  Tenter,  verj  ob-  I  breviated,  frustules  simple  or  binatelj 
tuse,  rounded  ends,  and  tiie  dorsal  mar-    conjoined,  hyaline,  with  a  globule  in  the 


gin  very  convex,  and  curved  upwards  at  •  middla  s  Gloeonema  gkbiferunij  Ag  CE 
each  end.  p.  3L    Italy. 

K  graciU  (Rab.).  —  Valves  slender,  j      E.  Arcu»^  Qkamema  Areus^  EBBA. 
with  truncate  apices,  slightly  gibbous  j  1856,  p.  338,  £  26.    AMca. 

Genus  AMPHORA  (Ehr.). — Fnistulee  free,  cymbiform ;  lateral  view  lunate 
or  arcuate,  with  a  nodule  at  the  middle  of  the  ventral  mai^gin ;  front  view 
with  the  median  lines  and  nodules  of  valves  approximate  and  within  the 
margin.  The  frustules  are  mostly  very  thin,  hyaline,  and  imp^ectly  sili- 
cious:  their  form  is  peculiar;  and  Professor  Arnott,  who  has  given  in  the 
sixth  volume  of  the  *  Microscopic  Journal*  a  detailed  account  of  their  structure, 
aptly  compares  it  to  that  of  '*  a  coffee-bean  rounded  on  the  back  and  hollowed 
out  in  front."  Many  of  the  species  are  insufficiently  known ;  they  should  be 
viewed  in  ironi,  back,  and  side.  Fortunately,  from  their  hyaline  nature,  the 
dorsum  and  venter  can  in  most  cases  be  examined  merely  by  the  alteration  of 
the  focus. '  The  lateral  view  closely  resembles  that  of  a  Cymbella,  but  has  the 
nodule  marginal.  The  front  view  is  usually  barrel-shaped,  owing  to  the  con- 
vexity of  the  valves,  which  are  so  curved  inwards  that  their  central  nodules 
are  more  or  less  approximate  and  frequently  appear  nearer  to  the  connecting 
zone  than  to  the  margins.  The  portions  of  the  valves  interior  to  the  median 
line  are  inconspicuous,  and  rarely  afford  diagnostic  aid ;  whilst  the  portions 
exterior  to  the  median  lines  are  important,  offer  the  best  view  of  the  trans- 
verse striae,  and  vary  in  shape  according  as  the  median  line  appears  straight, 
concave,  or  flexed.  In  our  descriptions  we  call  these  latter  the  outer  por- 
tions, and  when  they  project  inwfurds  at  the  centre  in  a  cuneate  manner,  or 
appear  inflexed,  we  term  them  canoe-shaped.  The  dorsum  is  convex,  shows 
no  nodules  or  lateral  valves,  and  is  mostly  marked  by  longitudinal  lines 
between  longitudinal  series  of  short,  transverse  strisB,  like  the  oonnecting 
zone  of  Striatella,  but  unaccompanied  by  internal  plates.  The  late  Pro- 
fessor Qr^ry,  who  directed  attention  to  these  facts,  believed  that  Amphora 
could  be  divided  into  two  groups — simple  and  complexy  from  the  absence  <ff 
presence  of  this  structure.  His  arrangement,  however,  we  are  unable  to 
adopt,  because  in  many  species  a  decision  is  difficult ;  and  indeed  we  tiiink 
that  the  longitudinal  Imes,  so  oommon  if  not  invariable,  indicate  the  complex 
structure,  although  the  hyaline  nature  of  the  frustules  may  interfere  with  itB 
detection.  In  Amphora  the  specific  characters  are  taken,  almost  constantly, 
frt>m  the  front  view,  and  not  from  the  lateral  one  as  in  most  other  genera  of 
Diatomaceee ;  and  as  the  connecting  zone  varies  greaUy  in  breadth  according 
to  the  condition  of  the  frustule,  due  allowance  must  be  made  for  that  &ct  If 
division  has  recentiy  taken  place,  the  connecting  zone  will  be  narrow,  and  the 
ends  of  the  frustule  less  broadly  truncate  than  just  previous  to  that  process. 
For  the  same  reason  we  believe  that  the  number  of  longitudinal  lines  varies 
and  affords  no  aid  in  distinguishing  the  species.  Amphora  contains  several 
species  of  Agardh's  genus  Cymbella,  and  ought,  in  our  opinion,  to  have  re- 
tained that  generic  appellation.  Because  of  its  cymbiform  frustules,  we  have 
removed  this  genus  from  the  Naviculese,  where  Kiitzing  placed  it ;  the  same 
reason,  added  to  the  presence  of  median  lines  and  nodules,  compels  us  to 
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place  it  with  the  Cymbelleee  instead  of  with  the  SurireUe®,  as  Babenhorst 
has  done. 


*  Fhistuies  in  front  view  ditHneUy 
eoMtricUd  €ft  the  middle, 

Amfhoba  binodis  (QiegX — ^Frustules 
constricted  at  the  miadle ;  lobes  inflated 
at  the  base,  with  broadly  linear,  sub- 
truncate  ends ;  transverse  striie  obscure, 
about  30  m  -001".  GDC.  p.  88,  pL  4 
£.  67.  Marine.  Scotland.  Resembles 
the  next  species^  but  is  smaller,  with 
more  rounded  mflations  and  obscure 
etrisB,  Ore^. 

A.  anffwarit  (Ghreg.). — Frustules  sinu- 
ato-constricted  at  the  middle ;  lobes  an- 
fifolarly  inflated,  with  short,  broadly 
linear,  truncate,  produced  ends;  strise 
diAtmct  Gre^.  MJ.  iiL  p.  89,  pi.  4  £  6. 
(vn.  60.)  Diflers  from  A,  binodis  by 
having  angular  inflations  and  coarser 
Btrise. 

A.  Ivrata  (Grej^.).  —  Frustules  con- 
stricted at  the  middle;  lobes  with  in- 
flated base  and  truncate  end;  nodules 
transrersely  dilated;  stria  distinct. 
GDC.  p.  48,  pL  5.  f.  82.  Marine.  Scot- 
land. Stris  about  36  in  KM)!" ;  connect- 
ing zone  with  longitudinal  lines. 

A.  MUeeiana  (Greg.).  —  Frustules 
linear,  with  slightly  constricted  middle 
and  truncate  ends,  miiushed  with  longi- 
tudinal lines  and  conspicuous  transverse 
stri».  GDC.  n.  49,  pL  6.  f.  8a  Scot- 
land.    Striffi  about  28  in  001",  Greg. 

2*  Frustules  not  panduriform;   nodules 
tnmsversely  duated  and  bar-like, 

A.  membranacea  (S.). — ^Frustules  ellip- 
tic-oblong, with  rounded  ends;  Tslves 
with  a  central  transverse  band,  and  very 
close  transverse  striae ;  connecting  zone 
with  longitudinal  lines.  SBD.  i.  p.  20, 
pL  2.  f.  29;  Ro  MJ.  vL  p.  24,  pL  8.  f.  8. 
Brackish  water,  Europe,  (vn.  61.) 
Scarcely  silicious. 

A  kevissima  (Greg.). — ^Frustules  very 
hyaline,  linear-oblong,  with  rounded 
ends ;  outer  portions  of  valves  slender, 
tapering,  with  a  transverse  nodule,  and 
obsolete  or  indistinct  striae.  GDC.  p.  41, 
pL  4  £  72.    Scotland. 

A  lavis  (Qreg.), — ^Frustules  very  hya- 
line, linear,  with  subtruncate  ends ;  outer 
portions  of  valves  very  narrow,  with  a 
transverse  nodule  and  indistinct  striie. 
ODC.  p.  42,  pi.  4  f.  74  Scotland.  Outer 
portion  of  valve  canoe-shaped;  striae 
about  60  m  "OOl". 

A  mmutissima  (S.). — ^Frustules  para- 
aitic,  very  minute,  oval  or  suborbicular, 


with  transversely  dilated  nodules,  and 
64  obscure  striaa  in  -001".  SBD.  i. 
p.  20,  pL  2. 1  30.  Fresh  water.  Para- 
sitic on  other  Diatomaceae. 

A.rmiosa(R).---Germany.  Frustules 
elliptic-oblong,  with  rounded  ends,  nar- 
row lunate  outer  portions,  transverse 
nodules,  and  no  striae.  EM.  pL  18.2. 
f.  17. 

A.  elegans  (Gree.).  —  Frustides  oval, 
with  truncate  ends;  outer  portion  of 
valves  lunate,  with  transverse  nodule, 
and  very  fine,  inconspicuous,  transverse 
striae.  Greg.  TM.  v.  p.  70,  pL  L  £  30. 
Scotland. 

A.  ostrearia  (Br^b.). — ^Frustules  hya- 
line, eUiptic-oblong,  with  rounded  ends ; 
outer  portion  of  valves  narrow,  canoe- 
shaped,  with  transverse  nodule  and  di- 
stinct striao;  dorsum  with  numerous, 
verv  delicate  longitudinal  lines.  Br^. 
in  KSA  p.  94  Marine.  France.  Lateral 
view  lunate,  with  convex  dorsimi  and 
straight  venter. 

A  quadrata  fBr^.]). — Frustules  hya- 
line, quadrangular,  with  truncate  ends ; 
outer  portion  of  valve  small,  inflexed, 
with  transverse  nodule;  dorsum  with 
numerous,  very  delicate  longitudinal 
lines.  KSA.  p.  95.  Marine.  France. 
Lateral  view  very  narrow,  lunate.  A^ 
quadrata  differs  from  A,  ostrearia  by  its 
straight  margins  and  truncate  ends. 

A  recUmgtdaris  (Greg.). — Frustules 
narrow,  linear,  with  truncate  ends : 
valves  with  a  transverse  nodule,  and  40 
fine  transverse  striae  in  "OOl''.  Greg. 
TM.  V.  p.  70,  pi.  1.  f.  29.    Scothmd. 

A  nobilis  (Greg.).  —  Frustules  very 
hyaline,  barrel-shaped,  with  truncate 
ends ;  outer  portion  of  valves  very  nar- 
row, arcuate,  with  transverse  nodule, 
and  fine  transverse  striae :  dorsum  with 
lon^tudinal  lines.  GDC.  p.  49,  pi.  5. 
f.  87.  Scotland.  Large ;  striae  about 
40  in  "OOF;  ventral  margin  of  valves 
concave. 

A  acuta  (Ghreg.). — Frustules  elliptic, 
with  truncate  ends:  outer  portion  of 
valves  arcuate,  with  straight  median 
line,  transverse  nodule,  ana  distinctly 
moniliform,  transverse  striae.  GDC. 
p.  52,  pi.  6, 6.  f.  98.  Scotland.  Large ; 
striae  about  36  m  *00r. 

A  litoraUs  (Donkin).— Frustules  oval, 
with  truncate  ends ;  outer  compartment 
canoe-shaped,  with  distinct  moniUfonn 
striae  ana  transverse  bar-like  nodule; 
dorsum  with  longitudinal  series  of  short 
3l 
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obtoae  ends;  onter  portions  slender, 
arcuate,  with  slightly  concaye  venter, 
acute  ends,  and  ahout  22  conspicuous 
transverse  strits  in  *001".  6D0.  p.  d9, 
pL  4  f.  6a    Scotland. 

4*  JF)ru8kile8  neither  congtricted  at  the 
middle  nor  rostrate  at  the  ends  ;  nodules 
roundish, 

A.  ovaiis  (K). — ^Frustules  turgid,  oval, 
witii  broadly  rounded  or  truncate  ends ; 
outer  portion  of  valves  canoe-shaped, 
with  24  distinct  moniliform  strise  in 
<X)1" ;  connecting  zone  with  very  fine 
longitudinal  lines.  KB.  p.  107,  t  5. 
t  a5,  d9.  s  Navictda  Amphora,  £  Inf. 
t.  14.  £  3.  Fresh  water,  nequent  Eu- 
rope, Afirica.  (vii.66;  dl  153.)  Large. 
1-460"  to  1-120". 

A.  Libyca  (E.). — ^Fmstules  oval,  with 
with  broadly  rounded  or  truncate  ends ) 
lateral  view  semilunate,  with  very  con- 
vex dorsum,  obtuse  ends,  and  slightlv 
concave  venter.  EA.  t  8.  L  £  42;  EM. 
nuiny  figures.  Apparently  the  most 
common  species,  since  Ehrenberg  gives 
upwards  of  100  habitats  for  it  in  Europe, 
Asia,  AMca,  and  America.  Lough 
Moume  deposit  (xn.  38.)  We  are 
unable  to  distinguish  this  form  from  A, 
ovaHs,  and  probably  these  have  been 
confounded;  we  believe  they  are  in 
SBD.,  because  there  no  species  but  A, 
ocaks  is  noticed  as  occurring  in  the 
Lough  Moume  deposit,  whilst  Ehren- 
herf^  only  mentions  this  species  as  found 
in  it.  Ehrenberg's  figures  and  desorip- 
tion  do  not  enable  us  to  decide ;  for  the 
latter  is  too  indefinite,  and  the  former 
vazy  80  much  as  apparently  to  belong  to 
more  than  one  species.  Almost  the  only 
characters  the  figures  have  in  common 
are  the  oval  form  and  striated  valves. 
The  median  line  is  either  concave, 
straight^  or  produced  at  the  nodule ;  and 
the  connecting  zone  is  figured  sometimes 
smooth,  and  sometimes  with  longitudinal 
lines. 

A-  peikteida  (Greff.). — Frustulee  very 
hyaline,  oval,  wi&  broadly  rounded 
ends;  outer  portions  of  valves  canoe- 
shimed,  with  about  30  very  delicate  strisB 
in-OOr.  GDC.  p.  41,  pi.  4  £73.  Scot- 
land.  Resembles  A,  ovaiis  in  form,  but 
difien  in  its  marine  habitat,  very  hyaline 
aspect,  and  singular  delicacy  of  thestrin. 
The  latter  characters  distingiiish  it  also 
from  A.  incurva,  Greg. 

A.  truneata  (Greg.). — ^Frustules  barrel- 
shaped,  with  truncate  ends ;  outer  por- 
ti(»ifl  of  valves  canoe-shaped,  striated; 
dersum  with  longitudinal  series  of  short 


transverse  strite.  GDO.  p.  43,  pi.  5. 
f.  77.    Scotland.    Large. 

A.  Uneolata  (R).  — Emstules  turgid, 
elliptic-oblong,  with  truncate  apices, 
strong  longitudinal  marginal  lines,  and 
very  nne  ones  in  the  connecting  zone.  E 
In£  1 14  f.  14;  EM.  pL  13.  lT19;  Rab 
D.  pi.  9.  £  9, 10.  Fresh  water.  Europe, 
Affica,  America.  1-480"  to  1-140".  Tlie 
figures  referred  to  represent  the  frustule 
as  large,  barrel-shaped,  with  canoe- 
slun>ed  outer  portions. 

A.  OregorH — ^Frusttdes  banrel-shaped; 
outer  portions  canoe-shaped,  with  atwut 
34  transverse  striae  in  <X)r' ;  dorsum  with 
longitudinal  series  of  short  transverse 
striae,  a  ^.  auadrata,  GDC.  p.  49,  pi.  5. 
t  85.    Scotland.    Ends  truncate. 

A.  OrevHUana  (Greg.).  —  Frustules 
broad,  linear,  oblong  or  Darrel-shaped ; 
outer  portions  canoe-shaped,  with  m>m 
28  to  34  distinct,  monilitorm  transverse 
striae  in  *001";  dorsum  with  longitudinal 
series  of  transverse  striae.  GTM  v.  vL  1. 
I  36;  GDC.  p.  60,  pL  5.  f.  89.  =  ^.  <?om- 
;?/«ra,GDC.p.61,pl.6.£90;  A^fasciata, 
GDC. p.  61,  pL 5.  £91.  Scotland.  Large; 
ends  truncate. 

A.  sulcata  (Br^.). — ^Frustules  hyaline, 
oblong  or  elliptic-oblong,  with  truncate 
ends ;  outer  portions  £anoe-shaped,  with 
38  transverse  striae  in  "OOl";  dorsum 
with  longitudinal  series  of  transverse 
striae.    BD.  pL  18.  £  8 ;  GDC.  p.  61, 

SI.  6.  £  92.  France,  Britain.  Large; 
ifiers  from  A.  costata  in  its  not  produced 
but  tanmcate  apices,  Br^. 

A.  rohrnta  (Greg.). — ^Frustules  broadly 
oval,  with  rounded  ends  and  canoe- 
shaped  outer  portions ;  transverse  strias 
distinct,  moniliform,  16  in  -001".  GDC, 
p.  44,  pi.  6.  £  79.  Scotland.  Large ; 
conspicuous  frt)m  its  size  and  stoutness. 

A-  Proteus  (Greg.).— Frustules  barrel- 
^aped  or  oblong ;  outer  portions  canoe- 
shaped,  with  22  finely  moniliform  trans- 
verse stri»  in  -001".  GDC.  p.  46,  pL  6. 
£  81.  Scotland.  Large,  with  truncate 
f^ices.  Varies  much  in  form  and  length. 

A.  Arcus  (Greg.). — ^Frustules  baml-^ 
shaped;  outer  portions  narrow,  canoe* 
shaped,  with  16  to  18  coarsely  monili- 
fbrm  striae  in  <X)r' ;  dorsum  with  longi- 
tudinal series  of  moniliform  transverse 
striae.  GMJ.iiL  pi.  4.£  4;  TM.  v.pL  L 
£  37 ;  GDC.  p.  50,  pi.  6.  £  88.  Scotland. 
Large,  with  truncate  ends.  The  frustule 
has  the  form  of  a  barrel,  with  ribs  and 
bars.  It  18  distinguished  from  A,  Ore- 
viOimia  by  its  coarsely  moniliform  striae. 
Detached  segments  resemble  in  form  a 
strung  bow  with  rostrate  apices. 
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tnnflvene  BtrisB  in  <X)r';  4onum  with 
longitudinal  series  of  short  strisB.  GDC. 
p.  49,  pL  5.  f.  86.    Scotland. 

A.  arenaria  (Donkin). — ^Fmstides  hja- 
linoy  broadly  Imear,  with  rounded  angles 
and  slightly  gibbous  middle ;  outer  com- 
partment of  valyes  canoe-shaped;  dorsum 
nuntly  marked  with  longitudinal  lines. 
DonMn,  TMS.  vL  p.  31,  pL  8.  I  16. 
Marine.  Northumberland.  Large;  trans- 
yerae  strin  obscure. 

A.  atnpkioxys  (Bailey).  —  Frustules 
linear,  with  subtruncate  apices ;  lateral 
view  arcuate,  finely  striate*^  with  convex 
dorsum,  concave  venter,  and  rostellate 
vecurved  extremities.  BMO.  p.  d9,  pi.  2. 
£20-22.  United  States.  The  side  view 
bears  a  striking  resemblance  to  Eunotia 
anwhioxt/8,  Bailev. 

A.  bigertata  (Greg.). — ^Frustules  elon- 
gated linear,  with  rounded  ibices ; 
median  line  marginal,  except  at  the 
centre,  where  it  curves  inwaros;  dorsum 
with  longitudinal  series  of  coarse  trans- 
verse struB.  Greg.  TM.  v.  p.  71,  pL  1. 
£  32.    Scotland.    Laige. 

A-  tenera  (S.).  —  Frustules  nairow 
linear,  with  rounded  or  truncate  ends ; 
valve  longitudinally  rugose;  stri»  ob- 
scure, 62  m  -OOr.  SBD.  L  p.  20,  pL  30. 
£  252.  Marine.  England.  Scarcely 
silidous.  Professor  Smith  regarded  this 
species  as  the^.  Uneolata,  R, — an  opinion 
in  yrhich  we  are  unable  to  concur,  since 
its  narrow-linear  form  is  veiy  unlike  the 
broad  inflated  figure  of  the  latter,  and 
could  never  be  described  as  turgid. 

A.  hadUariM  (Gre?.).— Fmstules  nar- 
row linear,  with  sli^tly  attenuated,  ob- 
tuse endeu  outer  piortions  very  narrow, 
arcuate,  nnely  striated;  dorsum  with 
longitudinal  series  of  granules.  GDC. 
p.^,  pi.  6.  £  100.  Scotland.  Distin- 
grnished  fix>m  A,  putiUa  by  its  finer  striae 
and  granules,  Greg. 

A.  pumUa  (Greg.). — ^Frustules  narrow 
linear,  with  subtruncate  apices;  outer 
portionB  very  narrow,  canoe-shaped, 
with  24  conspicuous  striffi  in  -OOF; 
dorsum  with  lon^tudinal  series  of  gra- 
nules or  short  stn®.  GDC.  p.  63,  pL  6. 
£  05.     Scotland. 

A.  Brdn  (R). — ^Lateral  view  arcuate, 
with  obtuse  apices,  concave  venter,  ana 


about  25  veiy  fine  striaB  in  1-1200". 
ERBA  1853,  p.  526 ;  EM.  pL  35  a.  23. 
£  3.    Assistance  Bay,  North  Pole. 

A  erystallina(Et.), — Frustides  smooth, 
crystallme,  with  convex  dorsum,  concave 
venter,  and  broadly  truncate  ends. 
ERBA.  1840,  p.  10.    Tjom.     1-432". 

A.fasciata  (R). — ^Frustules  with  con- 
vex oorsum,  plane  venter,  broadly  trun- 
cate ends,  and  longitudinal  series  of 
closely  set,  fine  stnas.  ERBA.  1840, 
p.  11.    Tjom.    1-456". 

A.  carkiata  (E.). — Frustules  large, 
navicular,  with  plane  sides,  acute  apices, 
and  four  lateral  striated  fasciae.  EKBA. 
1840,  p.  10.    Island  of  Tjom.     1-240^. 

A  Atormu  (R).  — Very  minute,  on 
one  side  elliptic  with  rounded  ends,  on 
the  other  linear  and  truncate.     1-2640^'. 

A  JEgaa  (R). — ^Frustules  navicular, 
oblong,  truncate,  with  10  punctated 
longitudinal  lines,  oblong  umbilici,  and 
curved  lines;  the  space  between  the 
umbilici  with  two  straight  lines  curved 
at  each  end.  ERBA.  1858,  p.  13. 
.^Egean  Sea. 

A.  stauroptera  (Bailey).  —  Frustules 
elliptical,  elongat^  with  striated  mar- 
gins ;  central  portions  crossed,  as  in 
Stauroptera,  by  a  broad  band.  BC.  viL 
p.  8,  £14, 15.  Halifax,  Nova  Scotia.  The 
ngure  is  elongated,  acutely  lanceolate, 
and  the  nodules  connected  by  a  trans- 
verse central  depression. 

SpedeSf  the  descriptions  of  which  are 

unknoumto  us.  ' 

A  ewnhiformisj  -EM.  pL  16.  1.  £  43. 
Lateral  view  semilunate,  with  convex 
dorsum,  straight  venter,  obtuse  apices, 
diverging  strife,  and  submarginal  sutural 
line  and  nodule. 

A  gigasy  EM.  pL  6.  2.  £  13.  North 
A&ica.  Figure  imperfect,  lai;^,  oval, 
transversely  striatea;  connecting  zone 
with  faint  longitudinal  lines. 

A.  mcurva,  Greg.  MJ.  iii  pi.  4  £  6. 
Scotland.  Lateral  portion  canoe-shaped 
and  finely  striated. 

A  paradoxa  (E.).  A  vulgaris  (E.), 
Asia;  ^.  JVZfo^tca  (R),  River  Nile ;  A, 
oceOata  (R),  Florida. 


OenQS  RHIZONOTIA  (E.). — ^Frustules  with  two  median  nodules  (with 
the  character  and  form  of  Amphora),  bat  by  longitudinal  division  often 
becoming  a  mass  miited  together  in  a  longitudinal  series  by  a  progeny  of 
stolons  or  silidous  radicles.  This  form  is  adnata  on  Confervee,  and  has  many 
fine  longitudinal  strisB,  which  appear  somewhat  rough  or  granular.     The 
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froBtule  is  very  crystalliiie  and  transparent, 
almost  colourless  ova,  E. 


It  has  internally  pale-greco, 


Rhizonotia  Melo  (E.). — ^The  lateral 
connecting  portions  of  tne  progeny  in 
self-division  mostly  forked,  3  to  10. 
ERBA.    1843,    p.    189.  =  Bhw)9olema 


Melo,  EM.  pL  35.  6.  f.  14,  16  ?.  Swan, 
Avon,  and  Canning  Rivers  in  Western 
Australia,    (vm.  4L) 


FAMILY  XVn.— GOMPHONEME^. 

Frostules  in  front  view  cuneate,  laterally  attenuated  at  the  base,  with  a 
median  longitudinal  line  and  a  central  nodule.  Mostly  aquatic.  The  Gom- 
phonemesB  differ  from  the  MeridieeB  and  the  licmophoreae,  and  the  cuneate 
species  of  SurireUa,  by  the  median  longitudinal  line  and  the  central  nodok. 
The  cuneate  form  in  the  &ont  view  distinguishes  it  from  the  rest  of  the 
Diatomacese. 

Genus  8PHENELLA  (K.). — ^Frustulee  in  ftoni  view  cuneate,  free,  ndther 
stipitate,  aJBixed,  nor  endosed  in  a  common  gelatinous  substance.  Aquatic 
"  The  SphenellsB  only  differ  from  NaviculflB  in  their  cuneate  form,  perfecUy 
similar  to  that  of  Meridion,  by  which,  too,  the  associations  {S.  anaugtata) 
become  flabelliform  and  quasi-circular;  but  they  differ  by  the  central  nodule 
of  the  lateral  surfaces.  Hence  there  remains  a  greater  similitude  to  ^e 
NaviculsB ;  and  the  distinctive  characters  are  so  alight,  that  Uie  generic 
characters  of  at  least  two  species  remain  uncertain  **  (Menegh.  p.  411). 


Sphbkella  gheiaUs  (K.). — Minnte ; 
lateral  -view  lanceolate,  with  subacute 
ends  and  very  delicate  transverse  striffi. 
KB.  p.  83,  pi  3.  £  16.  Monte  Rosa, 
Alps.    1-13*". 

6.  pcarvula  (TC.). — ^Minute ;  lateral  view 
lanceolate,  with  produced  ends,  the  base 
subdilated.  KB.  p.  83,  pi.  30.  f.  63. 
France.  1-960".  Striee  indistinct.  It 
cannot  be  distinguished  from  a  Navicula, 
except  on  a  front  view. 

S.  angttstata  (K).  —  Minute,  flabel- 
lately  conjoined,  narrow  linear,  cuneate, 
lateral  view  lanceolate,  with  obtuse 
ends.  KB.  p.  83,  pi.  8.  f.  4  Germany, 
France,   (xiv.  30.)    1-960". 

S.  mlgims  (K.\ — Small  j  lateral  view 
finely  striated,  oilated  at  the  middle, 
and  tapering   to  the    stout   beak-like 


ends.  KB.  p.  83,  pi.  7.  1 12.  GermanT, 
France.    1-1020". 

S.  obimaata  (K).  —  Small ;  latenl 
view  smooth,  dilated  above  the  middb, 
with  rounded  obtuse  apices.  KR  p.  63. 
nL9.f.l.  Prussia,  (xiv.  3L)  1^00". 
Lateral  view  davate-lanceolate. 

S.  rottdkOa  (K.\  —  Solitary,  smootli, 
broadly  cuneate;  lateral  view  dilated  at 
the  middle,  acuminate  at  each  emL  KB. 
p.  83,  pi.  9.  t  3.  p.  eUmgaiOj  laiger, 
with  produced,  obtuse  apices.  Franee. 
1-1820"  to  1-336". 

S,?  Italiea  (K).  — Broadly  cuneate; 
lateral  view  ooovate,  slightly  dilated  at 
the  middle,  and  wi^  a  transverse  me- 
dian nodule.  KEA.  p.  6a  =  Omnpko- 
nema  Itakcum,  KR  1 30.  £  75. 


Genus  GOMPHONEMA  (Ag.).— Frustules  affixed  at  the  base  or  stipitate : 
in  frx)nt  view  cuneate ;  laterally  attenuated  below,  vnth  a  median  longitudinal 
line  and  central  nodule.  "  As  Cocconema  from  CymbeUa,  so  Gomphonema 
only  differs  fix)m  Sphenella  by  the  stipes,  on  which  account  spedee  are  now 
referred  to  Gomphonema  which  formerly  belonged  to  Sphenella.  .  .  .  Kiitiiiig 
supposes  the  Gomphonemae  to  bo  at  first  fre«,  hke  Sphenella,  and  that  after- 
wai^  they  affix  themselves.  ...  No  direct  observation  confirms  liiis  hypo- 
thesis ;  and  it  is  at  least  as  just  to  admit  the  other,  that  the  Sphenells  are  at 
first  attached  like  the  GomphonemsB  and  afterwards  become  free.  Ehrenbeif 
says  that  the  GomphonemsB  can  become  free  and  again  adhere"  (Menegh. 
p.  412).     The  descriptions  apply  to  the  lateral  view,  unless  otherwise  stetS. 
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yusiule$  m  lateral  view  constricted  he- 
tath  the  apex,  appearing  um-^ihaped, 

•ateral  view  with  the  head  ^piculate 
or  acute. 

tOMPHONBBCA  coTonatum  (R). — Slen- 
,  with  yentrioose  middle^  ohcordate 
filiate  head,  and  lanceolate  base ;  £ront 
Bv- crested  at  apex.  EM.  {d.  6. 1. 1 33. 
?.  acuminaium  j9,  S£D.  i.  p.  79,  pL  28. 
3S  /3.  Europe,  America,  Asia,  Aus- 
ia-  (xnr.  36.)  O.  coranatum  is  di- 
iguished  from  the  allied  forms  by  its 
atod  basal  portion;  but  the  lower 
ation  is  sometimes  yery  obscure,  and 
belieye  Professor  Smitn  was  justified 
-egardinff  this  form  as  a  mere  yaiiety 
?.  aeumtnatum.  1-480". 
h  UfUemt  (E.).— Habit  of  O.  eonma- 
iy  but  shorter,  and  head  wider  than 
central  inflation.  EM.  pL  5. 1.  f.  34. 
lericayAsia.  Ehrenberg's  figures  haye 
basal  portion  linear,  not  infiated. 
giyes  about  fifteen  habitats. 
\.  Seeptrum  (Rab.).  —  Habit  of  Q, 
mafytm.  but  larger  and  more  robust, 
middle  more  inflated  and  much 
ader  than  the  obcordate  apiculated 
d ;  base  stalk-like,  not  inflatecL  RabD. 
iO,  pL  8.  f.  8.  America. 
h  acuminatum  (E.). — Slender,  taper- 
below  into  the  stalk-like  base,  con- 
cted  aboye  the  yentricose  middle; 
d  dilated,  acuminate.  SBD.  i  p.  79, 
38.  f  288.  a  O.  trigonoeephalumy  EML 
3.L  £36;  0,(q3pendiculata,FertyKL. 
04^  1 17.  £  12.  Europe,  Asia.  Africa, 
lerica, and  Australia,  (zin.23.)  Diflers 
n  the  foregoing  species  b^  a  cuneate 
tapering  apex.  In  a  yanet^  fijo^ured 
Professor  Bmith  the  constriction  is 
fly  obsolete.  1-860"  to  1-430". 
}.  BrihiemmU  (E.). — Slender,  narrow, 
h  a  longl^  attenuated  base  and  a 
rhtly  yentncose  middle;  separated  by 
light  constriction  from  the  cuneate, 
enuated,  somewhat  obtuse  head.  ESA. 
)6.  France.  Sti]^s  abbreyiated  or 
urly  obsolete.  Akm  to  Q,  acumina" 
fi,  Dut  more  slender,  more  elongated 
0  the  stipes-like  base,  and  head  and 
dian  inflation  smaller. 
^.  Amerieanum  (E.).  —  Lateral  yiew 
th  three  inflations,  separated  by  two 
istrictions ;  head  oyate,  subacute. 
i.  seyend  figures.    America,  Iceland. 

m". 

0.  elongatum  (S.). — ^Lateral  yiew  with 
ree  inflations,  the  median  one  greatest ; 
per  one  oblong,  with  cuneate  imex; 
irer  slender,  slight.  S.  in  ANH.  2  ser. 
.  p. 6,  pi.  hliszO.  Bribi99omi, Greg. 


M  J.  ii.  pL  4.  £  18.  France,  Englanc 
1-864".  Scarcely  distinct  from  G,  Ame 
ricanum ;  both  haye  the  inflated  base  o 
O,  earonatum,  and  cuneate  head  of  6 
acuminatum, 

2 1  Head  rounded,  neither  acute  nor 
apiculate. 

G.  ffemmatum  (A.).  —  Frustules  yer 
large,  in  front  yiew  cuneate,  their  ter 
minal  puncta  obsolete ;  lateral  yiew  in 
flated  at  the  middle,  constricted  aboy< 
and  below,  with  dilated,  rounded  ends 
strisB  distinctly  moniliform.  SBD.  p.  78 
pL  27.  £  236.^I>ion^hala ClamHercuUa 
EM.  pL  16  a.  £93.  (vn.  60.)  On  rocki 
in  subalpine  streams.  Europe.  Thii 
species  forms  large  spongy  cushion-like 
tufts  composed  of  densely  matted  fila- 
ments, llie  frustules  are  easily  recog- 
nized by  their  large  size,  the  absence  oj 
terminal  {>uncta  in  the  front  yiew,  and 
the  coniroicuous  stries  of  their  latera] 
yalyes.  The  neck  is  much  constricted^ 
and  the  lai]ge  head  broadly  rounded  a1 
the  end.  KUtzing  refers  O,  Herculeanum 
(E.)  to  this  species,  but,  we  belieye. 
erroneously. 

G.  capiiatum  (E.), — ^Lateral  yiew  tur- 
gid at  the  miadle  and  slightly  con- 
stricted beneath  the  broadly  rounded 
head ;  puncta  in  front  yiew  evident 
SBD.  p.  80,  pL  28.  £  237.  =  O.  turgidum, 
EM.  pL  2. 2.  £40?  Europe,  Asia.  1-1720'- 
to  1-280".  Striated,  attenuated  at  iU 
base ;  stipes  elongated,  dichotomous, 
Sometimes  the  constriction,  which  U 
less  marked  than  that  of  the  next  spe- 
cies, is  nearly  obsolete,  and  the  frustmee 
in  the  lateral  yiew  are  oboyate. 

G.  eonstrictum  (E.).  —  Lateral  yiew 
yentricose  at  the  middle,  with  a  short 
neck  and  broadly  roundea  head ;  puncta 
at  upper  end  of  front  yiew  very  evident 
SBD.  pi.  28.  £  236.=  O,  truncatum,  EM. 
many  ngures ;  G,  paradoxum,  EM.  pi.  9. 1. 
£  33,  34;  O.  pohliaforme,  K.,  Kalfe. 
Foims  a  brown  discoloration  on  aquatic 
pLmts.  Common,  (x.  187-190.)  1-1720" 
to  1-280" ;  striated,  attenuated  at  ite 
base;  stipes  becoming  elongated  and 
branched.  Distinguished  from  G,  getni' 
natum  by  its  much  smaller  size  and 
distinct  puncta  in  front  view.  We  find 
this  species  very  variable  in  the  develop- 
ment of  its  neck;  and  sometimes  in  a 
younff  state  the  constriction  is  but  slightj 
and  &e  form  resembles  G.  eapitatum, 

G.  subtUe  (R). — Slender,  lateral  view 
twice  constricted;  head  small,  obtuse i 
neck  slender,  elongated.  EM.  several 
figures.    Ada,  Africa,  America,  Lougl 
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Moume  deposit  It  differs  from  (?.  coit- 
stridum  in  its  more  slender  form  and 
Icmffer  neck. 

G.  Angticum  (R). — ^Twice  constricted  j 
head  rounded,  rather  narrower  than  the 
ohlong  inflated  middle,  which  tapers 
below  into  a  linear  stipes-like  base.  KM. 
pi.  15  A.  f.  86.  Lough  Moume  deposit, 
Ireland.  It  is  allied  to  O,  subtile,  Pro- 
bi^ly  both  forms  should  be  united  to 
O,  corutrictum. 

G.  MusUla,  EM.  pL  17. 2.  f.  87.  FoasU, 
Finland,  France;  recent,  Berlin.  We 
have  seen  no  description  of  this  species. 
£hrenberg*s  figures  represent  the  lateral 
yiew  elongated,  with  an  oblong  median 
inflation,  tapering  below  into  a  linear 
stipes-like  base,  and  above  into  the  ob- 
long head,  which  is  rounded  at  the  apex. 

2*  JFhutulea  imbedded  in  a  shtmeleea  ffela- 
tinousaubstanee.  (Gomphonellay  i2a6.) 

G.  oliv€iceum  (Lyngb.,  E.). — ^Frustules 
and  stipes  forming  a  gelatinous  mass; 
front  view  broadly  cuneate,  with  con- 
spicuous terminal  puncta;  lateral  valves 
oDovate  or  subclavate,  distinctly  stri- 
ated. SBD.pl.29.  f.244.=:6'(m^AWeaa 
oUvaceunij  Rab.,  j9.  angusta ;  G,  anffusta, 
K. ;  O.  angustay  Rab  D.  p.  61,  t  9.  f.  2. 
Smaller  and  shorter,  with  obsolete  strias. 
Europe.  1-2300"  to  1-1020".  It  forms 
rather  large  mucous  masses  of  a  pale 
brown  colour,  which,  when  dried,  be- 
come pale  green  with  a  granulated 
appearance. 

^  G.  Lenormandi  (Chauvin).  —  Front 
view  narro^  nearly  linear ;  lateral 
yalves  lanceolate  acute,  with  indistinct 
Btri83.  KSA.  p.  65.=4>A«we«oP  Lenor- 
mandi,  KB.  pi.  30.  £  61 ;  Qomphondla 
Lenonnandif  Rab.  Falaise^  France. 
1-960".  Stipes  slender,  at  length  elon- 
gated. 

Q.parvuhtm  (K.). — Frustules  of  the 
fli«e  and  form  of  JSpheneUa  parvuta^  but 
stipitate  and  aggregated  into  a  dense 
mucous  stratum.  ASA.  p.  66.  b  Chm- 
phoneUa  parvula,  Rab. 

3*  Frusttdes  in  front  view  curved,  with 
two  longitudinal  suture-like  Unee  or 
vittce.  ' 

G.  eurvatum  (K.).— Frustules  in  front 
view  curved,  with  distinct  terminal 
puncta  and  longitudinal  vittn:  lateral 
valves  clavate.  KB.  p.  86,  pL  8.  £  1-8. 
as  O.  minutissimum,  E.  Common.  Eu- 
rope, Asia,  Africa,  America,  (xn.  9-12; 
xm.  m  a,  aquatic,  =  a  eurvatum, 
i5BJ}.',  ft  manne,sa  marinum,  SBD. 


This  species  difl^  oonsiderablj  from 
the  other  ^lecies  of  (Jompboneota  in  its 
curved  frustules  and  longitudinal  sntoie- 
like  strias,  and  perhaps  ought  to  be  sepa- 
rated from  them.  It  agrees  wiUi  Wd- 
pidophora  in  the  l^ter  chancier  and 
with  Achnanthee  in  having  a  medisD 
nodule  in  the  ventral  or  concave  Talre 
only.  It  varies  in  its  mode  of  growth, 
according  as  it  is  found  in  fre^  brack- 
ish, saline,  or  marine  waters.  The  frus- 
tules are  scattered,  flabellately  coojomed, 
or  aggremted  in  minute  CQshi<Hi-like 
tufts.  The  stipes  is  shorty  incraosatedy 
and  iiregulariy  oranched,  or  more  or  less 
elongated,  slender,  and  didiotomoaaly 
divided.  Professor  Smith  makee  the 
marine  form  a  distinct  species,  and  gives 
the  following  differenml  charactexs: — 
O.  eurvatum:  *' Stipes  elongated,  fila- 
mentous and  dichotomous;  strise  22  to 
30  in  -001"';  aquatic."  G.  marmum: 
'' Stipes  incraasiU^d,  branching  in  an 
irre^^ular  manner;  strise  35  in  OOl"*; 
manne.''  Professor  Smith,  however, 
admita  that  it  is  difficult  to  dii^xDgaish 
them  if  we  confine  oxir  attention  merdy 
to  the  frustules;  ''but,"  continues  h^ 
''the  general  i^pearance  of  the  growing 
plants,  arising  from  the  characters  m 
their  stipes,  is  very  difierent,  and  their 
habitats  are  so  wide  apart  l^at  there  can 
be  no  doubt  of  their  custinctness.*'  We 
are  unable  to  concur  in  this  opinion:  for 
our  experi^ice  is  quite  diflfenoity  and,  as 
we  stated  several  years  ago,  we  find  the 
stipes  in  the  marine  form  more  elon- 
gated than  in  the  aquatic  one.  ^  I  have 
attempted  in  vain  to  find  some  eped&e 
character  to  distinguish  the  marine  fans. 
It  is  more  branched,  has  a  rigid  appear- 
ance, and  the  strite  connecting  the  puncta 
on  the  front  surface  are  strongly  marirad ; 
but  intermediate  specimens  occaaionaUy 
occur,  in  which  all  tiiese  differences 
vaniah"  (ANH.  xiL). 

4*  Ihistules  in  lateral  view  obovate  or 
clavate, 

t  Crested  or  pointed  at  the  apex. 

G.  cm^o^m  (Ra.). — ^Frontviewciested; 
lateral  view  obovate,  crowned  with  a 
minute  point  SBD.  p.  79,  pL  2&  £  289l 
^G.  fui«u<t<m, EM.  pi. 2.  2.  £  41;  ^lAe- 
neUa  ?  appen^Uculata,  Perty,  p.  203, 1 17. 
£  14.  £urope,  Asia,  Amenca.  Stipea 
nearly  simple;  frustules  in  front  view 
cuneate,  with  somewhat  rounded  andfia» 
crested  as  in  6^.  coronatum^  tennmal 
puncta  obsolete.  EhrenhN^rg  describes 
nis  G»  nawtum  as  allied  to  Q,  Augv, 
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but  shorter  and  stouter.  To  O,  crigtatutn 
probably  belongs  the  Mexican  form  de- 
scribed by  Ehrenberg  as  a  yariety  of 
O,  Attgwr,  haying  the  apex  constricted 
into  a  small  termmal  mucro. 

G.  Avgwr  (K).  —  Front  view  linear- 
cuneate,  lateral  yiew  rhomboid^  with 
subacute  apex  and  acuminated  base. 
3SM.  several  figures.  Europe^  Asia, 
Australia,  AMca,  America.  l-96(y'. 
''More  slender  and  with  shazper  point 
than  O,  erktatumj^^  Rab.  Trofeesor 
Kiitzing  unites  O,  crigtatutn  to  this  spe- 
cies ;  and  certainly  they,  as  well  as  O, 
Lagermla,  seem  closely  allied.  Ehren- 
bei^s  figures  vary  considerably  in  form, 
bat  all  miye  the  apex  more  cuneate  than 
we  have  ever  seen  it  in  O.  eristatuim, 

G.  Lagemda  (K.).  —  Slender,  linear- 
cuneate,  finely  striated;  lateral  view 
dayate,  crowned  with  a  minute  point, 
tapering  and  subacute  at  base.  KB. 
p.  65,  pL  30.  £  60.  =  a  «»A<8rc5»*onim,  EM. 
pi.  ^A.  7.  t  14  America,  Europe. 
Stipes  short  1-720".  This  form  ap- 
parently difiers  from  O,  crisiatum  only 
in  its  narrower  frustule. 

G.  (qncukftum  (E.). — Cuneate ;  lateral 
view  oboyate,  with  acute  cuneate  apex 
and  tapering  base.  EM.  pi.  4  2.  £  d9. 
FoasiL  America,  (xn,  ^  &  53.)  j8 
more  slender  than  G,  apiculatum :  EM. 
pL2.2.  f.43. 

G.  Ilcrm  (E.).  —  Much  elongated, 
dayate,  its  apex  suddenly  acutely  cu- 
neate. fM.  several  figures.  Africa, 
America,  India,  Japan.  Ehrenberg's 
figures  vary  in  form,  but  are  mosuy 
davate,  with  or  without  a  slight  con- 
striction above  the  middle.  "Akin  to 
G,  gracUe,  but  stouter,"  K 

2 1  Apex  in  lateral  view  neither  acute 
nor  apiculate. 

G.  dbhreviatum  (A^-)'  —  Frustules 
broadly  cuneate,  conjomed  in  a  flabel- 
late  manner;  lateral  view  obovate,  with 
indistinct  striss  and  rounded  apex.  KB. 
p.  84^pL  8.  f.  b-I.^EehineUaabbreviatay 
El^.  /3.  lonmpeg  (K.),  stipes  dongated; 
subbranchec^  =  6^.  rotundatunij  E.  Eu- 
lope,  Asia,  Australia,  America.  1-1152" 
to  1-840".  Stipes  rather  thick,  usually 
very  short  and  simple,  but  in  var.  ^ 
more  dongated. 

G.  tpkeneiUoides  (Rab.).  —  Obovate, 
smooth,  with  broadly  rounded  apex; 
stipes  simple,  stout.  Kab  D.  p.  58,  d.  8. 
f.  t  Itdy.  l^nt  view  cuneate.  Pro- 
bably only  a  form  of  G,  abbreviatum, 

G.  mieropus  (K.). — ^Front  view  linear- 
cuneate,  truncate  at  each  end;  laterd 


view  obovate-lanceolate.  KB.  p  84, 
pL  a  f.  12.  Germany,  France.  Very 
nnely  striated  P;  stipes  very  short  and 
obsolete,  or  elongated  filiform  and  sub- 
ramose.  "  Eesembles  G.  mheneihides, 
but  is  smaller  and  more  slender,''  R.  /.  e. 

G.  teneUum  (BL).  —  Minute,  smooth; 
laterd  view  obovate-lanceolate;  stipes 
abbreviated,  simple.  KB.  p.  84,  pi.  8. 
£8.    Europe.    1-1440". 

G.  Periicum  (Rab.). — Laterd  view 
obovate,  with  rounded  upper  end,  stri- 
ated ;  front  view  broadly  cuneate.  Rab  D. 
p.59,  pLa£4.  Persia.  The  figure  re- 
presents the  front  view  with  conspi- 
cuous termind  pimcta  and  longitudind 
vittSB  or  suture-tike  lines. 

G.  Hercynicum  (Rab.). — Laterd  view 
obovate-lanceolate,  with  obtuse  ends, 
the  upi>er  one  cuneate;  stri»  distinct; 
front  view  broadly  cuneate.  Rd>  D. 
p.  59,  pL  a  £28. 

G.  8ubramo9um  (Ag.).  —  Laterd  view 
clavate ;  front  view  cuneate,  with  acute 
base ;  stipes  long,  slender,  nearly  simple. 
KB.  p.  85,  pi.  a  f.  15.=  G,  septaium,  Ag 
CD.;  G.  octtfo<wm,KSA;  G,  discolor fmd 
G,  davatufnf  R  (according  to  Kiitzing). 
Oonmion.  Europe,  Asia,  Africa,  Ame- 
rica. 1-1140"  to  1-600".  Striae  very 
fiEunt.  We  quote  G,  davatum  (E.)  under 
tlus  species  in  deference  to  Kiitzin^'s 
authority,  because  the  description  will 
not  determine  the  Question ;  and  dthough 
Ehrenberg,  in  his  'Microgeologie,'  figures 
it  from  more  than  twenty  stations,  yet 
those  fi^pures  differ  so  greatly  as  to  afford 
no  decisive  information :  severd  of  them 
are  lanceolate  or  clavate,  whilst,  like  G, 
Glans  (a  species  indeed  described  as 
having  a  generd  resemblance  to  G.  claca- 
tum),  the  greater  number  have  an  inflated 
cen^. 

G.  erosum  (Rab.).  —  Oblong-obovate, 
with  emaiginate  apex ;  firont  view 
narrow-cuneate ;  stipes  dichotomoudy 
divided.  Rab  D.  p.  59,  pi.  10.  f.  12. 
Dresden. 

5  *  Ihuttdea  in  lateral  view  veniricose  at 
the  middle,  attenuated  at  each  end. 

G.  Glans  (E.). — Ovate-oblong,  tumid; 
upper  end  roimded,  with  a  slightly  tu- 
mid neck.  EM.  pL  4  2.  f.  85.  Has  a 
^nerd  resemblance  to  G,  clavatum,  but 
IS  shorter,  stouter,  and  more  obtuse. 
Ehrenberg's  figures  represent  it  with 
ventricose  centre,  broadly  conicd  above, 
wil^  rounded  apex,  and  tapering  bdow; 
into  a  short,  denderer  base. 

G.  Oregonictmf  EM.  pi.  37. 2.  f.  12,  la 
Fossil.    Oregon.    Ehrenberg's  figure  of 
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the  lateral  view  has  an  oblonff  inflated 
centre,  euddenly  constricted  aJDoye  into 
a  cone  with  rounded  apex,  and  taper- 
ing below  into  a  elender  base ;  the  nont 
view  is  large,  broadly  cuneate«  with 
striated  lateral  margins,  roundea  base, 
and  conspicuous  puncta  at  upper  end. 
It  diflers  m>m  O.  Giam  in  its  laiiger  sixe 
and  more  elongated  inflated  centre. 

Q.MamiUa,  EM.  flS7.2. 110.  Ore- 
gon. Ehrenbeig's  ngure  of  the  lateral 
view  resembles  O.  Urepomeumy  but  is 
stouter  in  proportion  to  its  length,  and 
the  basal  end  is  shorter  and  more 
taruncate. 

G.  aigatUeum  (R). — Very  large  and 
turgio^  distinctly  striated,  lanceolate, 
the  subacute  apex  rather  more  acute 
than  the  base.  ERBA.  1852,  p.  534 
Recent.  California.  It  is  more  akin  to 
O.  MamiUa  than  to  O,  Herculetmum, 
but  differs  in  its  larger  size  and  slenderer 
base.    Centre  inflated. 

G.  Herculeanum  (E.).  —  Very  large, 
minutely  striated,  oblong,  inflated  at  the 
middle ;  the  ends  attenuate  and  rounded, 
the  basal  one  slenderer.  £M.pLd5A. 
7.  f.  12, 13.  Lake  Michigan,  Niajgara, 
and  Oregon.  Stipes  long,  hyaline,  dicho- 
tomous;  length  of  frustule  1-216".  Pro- 
fessor Kutzing  unites  this  form  to  G. 
getmmUum ;  but  according  to  Ehrenbeig's 
figure8,they  are  very  different.  The  upper 
end  is  figured  in  this  species  as  broadly 
conical,  not  dilated  into  a  head  as  in 
G.  ffemmaium.  The  front  view  is  repre- 
sented as  more  cuneate,  and  ftimished 
with  conspicuous  puncta  at  the  upper 
end. 

G.  mineatum  (K.^.  —  Inflated  at  the 
middle,  much  proauced  at  each  end, 
narrow,  obtuse ;  stipes  rather  rigid,  mu- 
cous, extremely  interwoven,  dicnoto- 
mous.  KB.  p.  87,  pL  9.  f.  4  Germany. 
Forms  a  firm  slimy  stratum  on  rocks. 
1-420".  This  species  is  described  and 
figured  by  Kutsing  and  Rabenhorst  as 
slender,  with  inflat^  centre,  whilst  Smith 
describes  the  British  forms  as  lanceolate, 
—-a  difference  which  renders  their  iden- 
tity problematical.  Front  view  narrow- 
cuneate. 

Q.longicep»,EM..ip[.7.SB.t9.  Appa- 
rently common,  since  Ehrenberg  gives 
thirty-eight  habitats  in  Europe,  Asia, 
Austodia,  Africa,  and  America.  We 
have  seen  no  description  of  Uus  species ; 
the  figures  represent  it  as  narrow-cune- 
ate  in  the  front  view,  and  tiie  lateral 
view  striated,  inflated  at  the  centre,  with 
the  ends  elongated  into  beaks,  the  apex 
obtuse,  and  the  base  truncate. 


G.  veHtneo&um  (Greg.).  —  Much  in- 
flated at  the  centie,  upper  end  cooica], 
lower  slender,  constricted  above  the 
roundish  base.  Greg.  MJ.  p.  4,^1.  £40. 
Scotland.  -0013"  to  O018".  This  form 
much  resembles  G.  Glami  the  base,  how- 
ever, is  dilated  and  rounded— chameiea 
wanting  in  the  figures  of  that  species. 

G.  Cypnm  (E.). — ^Naziow,  wi^  a  lan- 
ceolate inflated  centre,  and  linear,  ekn- 
ffated,  beak-like  extremitiee.  EM.  pi  &  3. 
L  33.  America,  Asia.  Obtuse  at  apex, 
and  truncate  at  base.  Kiitxing  thinks 
this  may  be  identical  with  his  S^pkatdk 

G.  Vtbrio  (E.).  — Elongated,  inflated 
at  the  middle,  and  gradually  tapering 
into  long  beaK-like  extremities ;  the 
upper  one  subacute.  EM.  pL  39. 3.  £7L 
Cayenne.  SD.  L  p.  81,  pL  Sa  £  2^ 
(xn.  35.)  «Akin  to  G.  ffraeOe,  but 
Longer,  more  slender,  and  approachiog 
to  Pmmdaria  an^phioxyt "  (E.^ 

G.  rastratttm  (Sm.). — Lateral  view 
ovate-elliptical,  produced  at  the  uppa 
extremity  into  a  linear  obtuse  rostrum, 
slightly  constricted  below;  atrisD  30  in 
•001".  SBD.  ii  p.  09.  Barieylake,  Ca 
Cork.    -0009"  to  •0012".    Sth>ee  distinct 

G.P  Hebnderue  (Greg.).— Lateral  view 
elongated,  narrow-lanceolate,  with  in- 
flated centre,  acute  eoual  apices,  and 
veiyfine  stri».  Greg.  MJ. iL  p.  99.  pL 4 
£  19.  Mull  deposit  Prc^essor  Gr^oiy 
remarks  that  it  seems  to  stand  between 
G.  teneOum  and  G.  Ft^nb,  but  that»  only 
its  lateral  view  having  been  seen,  its 
genus  is  uncertain. 

6*  IhisiuleB  kmeeoiaie  m  the  Jaieral 
view. 

G.  dichotcmum  (K.).  —  Lateral  view 
nazrow-lanceolate,  with  slightly  obtme 
apices,  striated ;  front  view  nanow- 
bnear,  cuneate.  SD.  L  p.  79,  pL  2B. 
£240.  SB  G.  graeiie,  EM.  numerous  figursa. 
Common.  1-1150"  to  1-860".  StiMs 
umially  elongated  and  dichotomons,  bat 
sometimes  sibbreviated  and  sub-simple. 
The  frustules  somewhat  resemble  those 
of  G.  oUcaceunif  but  are  narrows;  their 
puncta  also  are  &r  less  distinct  This 
species  appears  generally  diflfnsed,  since 
Ehrenberg  gives  upwards  of  100  habitats, 
scattered  over  the  world. 

G.  laneeolatum  (R).  —  Lateral  view 
striated,  lanceolate,  with  acute  ends; 
front  view  Hnear-cuneate,  very  gradu- 
ally tapering  at  each  end.  KB.  p.  87, 
pL  30.  £  59.  America.  Ehr«Bnei7ft 
figures  represent  the  lateral  view  broader 
than  in  U.  didutUmnmu 
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G.  qffim  (K).  —  Rather  turgid,  elon- 
gate, striated;  margins  in  £ront  view 
slightly  curved;  lateral  view  subLui- 
ceolate,  with  an  obtuse  apex.  KB.  p.  86, 
pi.  30.  £54  Trinidad.  1-800".  Stipes 
abbreviated,  subramose.  <<  It  differs  from 
Q,  dichotomum  in  its  firmer  habit  and 
broader  sides;  lateral  apices  more  ob- 
tuse ''  (K.).  According  to  Rabenhors^  it 
is  slenderer  than  O.  kmceolatum,  but 
scarcelvspecificallv  distinct 

a.  miiia  (Br^b.).  —  Slender,  elon- 
gated^  YQTj  narrow-cuneate ;  lateral 
Tiew  adcular,  very  slender;  stipes  short, 
nodule  obsolete.  ES A.  p.  65.  France, 
England.  Akin  to  O,  mchotomuni,  but 
diirers  in  its  slenderer  frustules. 

G.  exijj^uum  (K.).  —  Minute,  smooth, 
lateral  view  lanceolate;  stipes  slender, 
subramose.  KB.  p.  84,  pi.  80.  f.  5a  Ma- 
rine.    France,  Jutland.    1-1440". 

G.  cuapidaium  (^Rab.). — Guneate,  often 
curved;  lateral  view  smooth,  lanceolate, 
with  acute  ends.  Rab  D.  p.  59,  pL  8. 
t  22.  Saxony.  With  or  without  a 
stipes. 

G.  tequale  (Greg.). — ^Lateral  view  lan- 
ceolate, with  minutely  capitate  apices, 
an  exactly  central  noaule,  and  conspi- 
cuous strife.  Greg.  MJ.  iv.  p.  12,  pi.  1. 
£  41.  Scotland.  -OOl".  Striae  22  to  24  in 
•001".  It  agrees  nearly  with  some  forms 
of  G.  teneUumy  from  which,  however,  it 
differs  in  having  much  wider  and  coarser 
striae,  and  in  the  central  nosition  of  the 
nodule,  Greg.  Le.  A  slignt  constriction 
exists  beneath  each  end.  Profeasor  Smith 
refers  it  to  O,  teneUum, 

G.  i$mgne  (Greg.). — Lateral  view  lan- 
ceolate, uightly  rhomboid,  with  obtuse 
ends ;  striaD  18  to  20  in  -001".  Greg.  MJ. 
iv.  £J2,  ^.  1.  f.  80.  Scotland.  0016" 
to  \i025' '.  <'  Distinguished  by  its  size  and 
the  coarseness  of  its  striation.  Side  view 
doubly  conical,  the  angles  at  the  broadest 
part  l>eing  strongly  marked.''  Professor 
§mith  thinks  it  may  be  a  form  of  O, 
Sarcopfutgm, 

G.  Sarcophagus  (Greg.). — Lateral  view 
daTate,  lanceolate,  constricted  near  the 
extremities,  which  are  minutely  capitate. 
Greg.  M J.  iv.  p.  18,  pL  L  £  42.  Scotland. 
•0014".  Striae  20  to  22  in  -OOF.  Widest 
part  about  one-third  from  apex.  Pro- 
fessor Gregory  compares  the  outline  to 
that  of  a  coffin. 

G.  rmnutissinmm  (K.). — ^Linear-cune- 
ate,  smooth,  with  a  slender  subbranched 
stipes;  lateral  view  narrow-lanceolate. 
KJ5.  p.  84,  0.  8.  f.  11.  Marine.  Britain, 
(xn.  17.)  Kutzing  regards  this  as  the 
G.  mimUissimum  of  Greville;  but  that 


opinion  is  doubtless  erroneous;  for  this 
is  a  marine,  and  Greville's  was  an  aquatic 
gatnering  in  which  O,  oHvaceum  and  O, 
curvaium  were  mixed  together. 

G.  (turitum  (Braun.). — Broadly  cune* 
ate  in  front  view,  the  upper  end  truncate, 
with  an  awn  at  each  angle ;  lateral  view 
lanceolate,  with  a  terminal  awn.  Kab  D. 
p.  59,  pL  8.  f.  8.  Baden.  Habit  of  O. 
wtricatwnf  but  furnished  with  awnlike 
spines. 

G.  NavteuhtdeB  (S.). — Stipes  distinct 
and  regularly  dichotomous ;  front  view 
sublinear,  truncate;  lateral  view  acutely 
lanceolate,  with  the  extremities  equiu 
and  nodule  central.  SBD.  ii  p.  08.  In 
the  Victoria  Regia  tank,  iSiinburgh. 
According  to  Professor  Smith,  this  spe- 
cies, in  a  lateral  view,  is  not  to  be  di- 
stinguished from  a  Navicula,  as  the 
nodule  is  almost  exactiy  centraL 

Species  inmffidenUy  deecnbed,  or  known 
to  us  only  by  name, 

G.  diffitaium  (K.).  —  Frustules  very 
minute  and  smooth,  linear-cuneate,  fla- 
bellate;  stipes  simple,  dilated  above. 
KB.  p.  84,  pi.  2L  £  2. 2.  Marine.  Cux- 
haven.  I-08O".  Kiitzinfi^  gives  no  de- 
scription or  figure  of  the  lateral  view. 

G.  telographicum  K.). — Frustules  mi- 
nute and  veiy  smooth,  slender,  cuneate, 
somewhat  more  acute  at  base,  umbel- 
lately  aggre^ted  on  a  simple  abbrevi- 
ated stipes  dilated  at  its  apex.  KB.  p.  84, 
pL8.£9.  Maritime.  Heligoland.  1-120O'. 

G.  crasawm  (Rab.).  —  Front  view 
broadly  cuneate,  truncate  above,  rounded 
at  base  ;  the  lateral  margins  convex, 
famtiy  striated.  Rab  D.  p.  59,  pi.  10.  f.  18. 
Persia.  Although  only  the  feont  view 
is  described  and  figured,  yet  the  species 
seems  well  distinguished  by  the  convex 
([not  straight)  lateral  margins,  giving 
it  an  obovate  form  with  the  broader 
end  truncate.  The  puncta  are  conspi- 
cuous in  the  figure,  as  are  also  two  lon- 
gitudinal lines  or  vittae. 

G.  pulvmatum  (Braun).  —  Front  view 
broad,  linea^-cuneate ;  base  smaller  than 
the  very  thick,  serpentine,  irr^rularly 
divided  stipes.  Rab  D.  p.  58,  pi.  8.  f.  16. 
Zurich.  "  Forms  little,  very  thick,  ranooth 
knoblike  cushions  of  equal  height.*' 

G.  P  contractum  (K).  —  Very  minute, 
attenuated  at  the  base,  slightiy  con- 
stricted at  the  middle,  with  a  dilated 
rounded  apex ;  stipes  simple,  abbreviated 
or  obsolete.  KB.  p.  8a  pi.  14.  f.  21. 8. 
Germany.  1-1440".  Kutzing's  fifi^ure, 
which  IS  very  minute  and  pyriiorm, 
shovrs  no  median  line,  nodule,  or  striae. 
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Q,  mmdare  (E.),  (?.  tenmeoOe  (R), 
Aostralia:  O,  hnmcoUe  (E.)y  Australia, 
At^  America;  O,  Jordam  (R),  Riyer 
Jordan;  O,  ohtumm  (£.),  Arabia,  Ame- 
rica; Q,  turritum  (R)y  Arabia;  O.  mu- 
cronatum    (E.),    G.  rhomboideum  (E.), 


Ada:  G,  Mosambieense  (R),  Afika; 
G,  Margaritaceum  (£.),  G,  Smcamut 
(^\  Britifih  Qoinea;  G.  kmeeolatwn 
rE.),  America ;  G.  PaUa  (R),  foaaS, 
Jura  Mountains^  France. 


Genus  SPHENOSIRA  (E.).  —  Frostoles  united  into  a  straight  compreased 
filament;  lateral  sur£EU^es  with  unequal  extremities  and  a  distinct  central 
nodule.  Aquatic.  The  frustules  in  front  view  are  scarcely  cuneate ;  and  the 
genus  could  be  better  placed  in  the  Naviculefle,  as  indeed  Kiitzing  himself 
suggests;  it  seems  to  differ  from  them  only  in  the  unequal  ends  of  tlie 
lateral  surfaces. 

Sphknosira  Catena  (RV — Frustules  what  obtuse  base.  RA.p.  98^  pL  S.L 
smooth;  lateral  yiew  witn  a  mucro  at  £  27;  KB.  p.  88,  pL  29.  £47.  Mexica 
apex  and  a  gradually  attenuated,  some-    (xl  30.) 


FAMILY  XVin.— NAYICTJLRE. 

Frustules  free,  concatenate,  or  included  in  a  more  or  less  definite  frond ; 
frt>nt  view  generally  linear  or  quadrangular ;  valves  with  similar  ends,  a 
median  longitudinal  line,  and  central  nodule.  **  The  Naviculeae  frequently 
resemble  individuals  in  other  families,  but  are  to  be  distinguished  by  the 
central  nodule  of  the  lateral  smiaces,  as  well  as  by  the  regularity  and 
symmetry  both  of  these  and  the  frx)nt  view  "  (Menegh.).  In  the  minuter 
forms  the  nodules  are  frequently  very  indistinct;  when  present,  howev^, 
they  usually  appear,  in  the  frx)nt  view,  like  a  punctum  at  the  middle  of  each 
lateral  margin.  In  doubtM  cases  this  appearance  will  often  aid  in  aseer- 
taining  their  presence. 

*  Frustules  nude. 

Genus  NAVICULA  (Bory,  Bab.). — ^Frustules simple,  fi«e,  prismatic  in  front 
view,  rectangular  laterally,  with  a  longitudinal  median  pellucid  line  with 
central  and  terminal  nodules.  Navicula  was  divided  by  Ehrenbeig  into  two 
genera — Navicula  with  smooth,  and  Pinnularia  with  striated  valves;  bat 
this  division  was  not  received  by  Eutzing  or  Br^isson,  and  is  certainly  un- 
sound, as  it  assigns  the  species  to  each  genus  according  to  the  power  of  the 
author's  microscope,  whilst  striae,  we  bdieve,  are  almost  always,  if  not  uni- 
versally, present  on  the  valves.  The  late  Professor  Smith  reconstitated 
Ehrenberg's  genera,  and  made  their  characters  depend  on  the  presence  or 
absence  of  costs.  These  characters  were  far  better  than  those  of  Ehrenbeig ; 
and  were  the  costee  always  plainly  developed  as  in  Hrmvlaria  nobiUs  and  its 
allies,  no  difficulty  could  occur  in  determining  the  genera ;  but  in  many  of  the 
more  minute  species  it  is  often  very  difficult  to  distinguish  between  stnae  and 
cost®.  We  have  not  admitted  Pinnularia  here,  partly  for  the  reason  just 
given,  bnt  principally  because  we  cannot  decide  to  which  genus  a  large  num- 
ber of  Ehrenberg's  species  should  be  referred. 


A.  Voices  more  or  less  eonstrided  at  the 
middle  (Diploneis,  E.). 

Navicula  Americana  (R). — Turgid, 
linear-oblong,  with  slightlv  constrictea 
centre  and  broadly  rounded  ends ;  stri» 
wanting  or  indistmct.  EM.  pL  2.  2.  £ 
16.    New  York  and  Rhode  Island. 

N.  Faba  (R,  K.).— Turgid,  oblong, 


slightly  constricted  at  the  middle  and 
rounded  at  the  ends,  marked  by  looffi- 
tudinal  lines;  stris  wanting  or  isoi- 
stinct  =  p^hneis  Faba,  £R  1845, 
p.  865.  River  Tagus.  The  median  line 
interrupted  by  the  central  nodule ;  three 
lines  on  each  side  continuous. 

N.  hyaUna  (E..  K).  —  Slighdy  con- 
stricted at  the  zniadle,  with  o^og  lobea» 
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rounded  ends,  a  longitudinal  median 
fiiMcia  of  lines,  and  a  narrow  pinnulated 
border.  ^D^dimeisf  hyaUnOy  £B.  p.  862. 
Marine.  India.  May  be  more  aldn  to 
Cifmatofleura  Sofea, 

N.  bmodU  (R).  —  Smooth,  minute, 
narrow  panduriform,  with  acuminated 
rostrate  apices;  median  nodule  yery 
distinct  EB.  1840,  p.  18;  KB.  p.  100,  pi.  3. 
f.  36.=^Fragtlaria  f  bmodii,  EA.  p.  127. 
Fossil,  Santa  Fiore ;  recent  in  pools,  &c. 

N.  dtmUcata  (E.).  —  Smooth,  small, 
rather  broad  pandurifomL  with  attenu- 
ate subacute  apices.  EM.  pL  21.  f.  36. 
Cuba.  In  Ehrenberg's  figure  the  ends 
are  somewhat  cuneate,  and  the  median 
line  simple. 

N.  incwrva  (Greff.). — Small,  smooth, 
sublinear,  with  a  shallow  sinus  on  each 
side,  and  ends  suddenly  contracted  into 
obtuse  subcapitate  bea&s.  MJ.  iy.  p.  8, 
pL  1.  £  2a    Scotland. 

N.  constncta,  EM.  pL  88.  17.  £  8. 
Volcanic  ashes,  Iceland.  Ehrenberff  re- 
presents it  as  smooth,  minute,  panduri- 
form ;  ends  rounded,  each  terminated  by 
a  minute  nipple-like  point ;  median  line 
simple. 

N.  emargmatOj  EM.  pL  89.  £  88. 
Ehrenberg's  figure  is  minute,  smooth, 
panduriform,  with  each  end  suddenly 
contracted  into  an  obtuse,  broad,  mam- 
miform beak. 

N.  paradoxa  (E.). — ^Large,  smooth; 
oblong,  sliffhtl]^  constricted  at  the  middle, 
with  four  longitudinal  median  lines  and 
somewhat  obtuse  cuneate  ends.  EA. 
pi.  1.  3.  £  4.  6.    Peru. 

N.  imperials  (E.,  K.\— Dilated,  with 
constricted  midole  and  subacute  apices, 
a  simple  series  of  conspicuous  granules 
accompanying  the  middle  furrow,  which 
is  smooth  on  both  sides;  lateral  series 
alike,  two  perfect  ones  inclosing  an  im- 
perfect median  sinus,  all  interrupted  at 
the  middle.  =s  DipioneU  imperioM,  EB. 
1845,  p.  362.  Marine.  India.  Granules 
lanpe,  pearl-like. 

S.  Entomon  (E).  —  Large ;  slightly 
sinuato-constricted  at  the  middle,  with 
oblong  lobes  and  subacute  cuneate  ends ; 
«tri»  19  or  20  in  1-1200".  EB.  1840. 
s  PnmulariaEntomon/EK^l.  L  l.£  8, 4 ; 
n^fkmeis  Entomon,  EM.  pL  19.  £  30. 
Marine.  *  Fossil,  G^reece  ;  recent,  Eu- 
rope. Asia,  Africa.  Distinguished  by 
its  snallow  stricture  and  smooth  stri». 

N.  Conopa  (E,  K.). — Small,  panduri- 
form, yenr  finely  striated,  with  cordate 
lobes  and  acute  apiculate  apices,  si^- 
nularia?  Conops,  EA.  pi.  8.  7.  £  20. 
America. 


N.  tneurvata  (Greg.). —  Panduriform, 
with  rounded  ends;  stri»  30  in  '001", 
minutely  moniliform ;  median  line 
straight  with  dark  shaded  lines  on  each 
side.  TM.  iy.  p.  44^  pL  5.  £  13.  Marine. 
Scotland. 

N.  tpUndida  (Greg.).  —  Large,  pan- 
duriform. much  constricted,  with  eUiptio- 
oblong  lobes  and  obtusely  triangular 
ends ;  striffi  distinctly  monimorm.  TM. 
iy.  p.  44,  pL  5.  £  14  Marine.  Scotland. 
Median  line  straight,  and  haying  on  eadi 
side  a  narrow  blank  space. 

N.  Proierpifu^  (JEX  — Very  large, 
deeply  constricted ;  looes  almost  rhom- 
boio,  with  subacute  apices;  sides  stri- 
ated, lines  decussating  at  a  right  angle, 
a  broad,  pellucid,  smooth  meman  fiUKna 
diyided  by  two  lines  into  three  parts; 
umbilicus  circular.  »  Dmloneia  Ftoaer" 
^ru8,  EK  1858,  p.  13.    Marine.  iGgean 

N.  Mu$ea  (Greg.).  —  Small,  panduri- 
form, with  tur^d  lobes  and  acute  cune- 
ate apices ;  stnse  rather  distant,  coarse, 
monimorm,  short,  fomung  a  marginal 
band.  GDC.  p.  7,  pi.  L  £  6.  Marine- 
Scotland.  StniB  18  in  -001";  median 
line  and  nodule  distinct 

N.  Bomhm  (E.,  K).  —  Panduriform, 
with  subcordate  lolies  and  subacute 
apices ;  strisB  dense,  coarsely  moniliform. 
KS  A.  p.  83. = PinmdariaBombuB,  ERBA. 
1844 ;  GD.  pi.  1.  £  12;  Diphneis  Bombus, 
EM.pl.  19.  £3L  Europe.  1-384";  stria 
21  in  1-1200".  Granules  of  the  largest 
striae  in  fours.  Median  line  broad,  with 
a  square  central  nodule.  Characterized 
by  its  short  turgid  lobes  and  dose,  large, 
pearly  granules. 

N.  dtdt/ma  (E.,  E.).  ~  Rather  broad, 
slightly  constricted  at  the  middle,  with 
short  suborbicular  lobes  and  broadly 
rounded  ends ;  strisB  distinct,  granulate. 
KB.  p.  100,  pi.  4.  £  7 ;  SD.  i.  pi.  17.  £  164. 
=PSmulana  didyma^  EA.  pi.  2.  4.  £  3. 
Marine.  Europe,  Asia,  Africa,  America, 
(vn.  61;  XV.  120 

N.  dtssirmUs  (Kab.\  —  Large,  pan- 
duriform, with  broadly  rounded  ends; 
strisB  stout,  curyed,  conyerging,  not 
reaching  the  median  line ;  m>nt  yiew 
gibbous  at  the  centre  and  tapering  to- 
wards the  ends,  which  are  truncate.  8 
Pinrndaria  dissimtHs,  Rab.  p.  45,  pL  6. 
£  32.    Persia. 

N.  Pandura  (Br^.).  —  Large,  elong- 
ated panduriform,  with  elliptic  lobea 
and  obtuse  apices ;  costaB  smooth.  BD. 
pL  16.  £  ^=:Pinmdana  JftmAira,  GDC. 
p.  17,  pL  L  £  22;  JV.  niMt,  TM.  iv. 
p.  44,  pi.  5.  £  12.    Europe.    M.  de  Br^- 
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bisBon  regards  this  form  as  distiiict  from 
N,  Orahroy  E. ;  and  it  undoubtedly  is 
from  the  Trinidad  Diatom  figured  by 
Dr.  Ghreville  for  that  species.  We  con- 
sider,  however,  that  N,  Pandura,  Br^ 
not  only  agrees  in  its  smooth  costsB  with 
£hrenl>eig^B  description  and  figure  of  N, 
Crabro,  but  also  oetter  in  shape  than 
does  Greville^  N,  Crabro,  in  which  the 
constricted  portion  is  less  elongated — a 
hct  pointed  out  by  Greville  himself 

N.  Crabro  (E.,  K.).  —  Panduriform, 
deeply  constricted  j  lobes  OTate  or  ob- 
long, with  subacute  apices;  strim  di- 
stinct, obscurely  moniliform,  nitescent^ 
10  in  -001".  KA.  p.  83  P ;  SBD.  ii.  p.  M ; 
MJ.  y.  pL  8.  t  Yi.BtPinmdaria  Crabro, 
ERBA.  1844,  p.  85P:  Dipfowm  Crabro, 
EM.  pi.  19.  f.  29  P  Fos^  ^Egina;  re- 
cent, America,  Europe.  Although  we  defer 
to  the  opinions  of  Br^isson^  Smith,  and 
Greville,  yet  we  think  it  higldy  probable 
that  the  preceding  species  is  the  one 
intended  by  Ehrenberg  for  2>.  Crabro. 

N.  pemmata  (Grev.;. —  Broad  linear- 
oblong,  obtuse,  with  straight  or  slightly 
concave  sides;  strin  momliform,  inter- 
rupted, 10  in  *001",  with  a  single  row  of 
puncta  near  the  median  line.  Edin. 
New  PhiL  Joum.  n.s.  x.  pi.  4  £  7.  Cali- 
fomian  guano.  Distinguished  by  its 
distant  strife,  which  form  a  linear  mar- 
ginal band.  Its  affinity  is  with  N,  Crabro 
and  its  allies. 

N.  ftodbiA^Mi  (Bi^.,  E.).— Minute,  ob- 
long, constricted  at  the  middle;  ends 
contracted  into  obtuse  mammiform 
beaks ;  transverse  stri»  not  reaching  the 
median  line.  ER  p.  101,  pL  28.  £  71. » 
Pinnularta  Termes,  EM.  pL  39.  £  100. 
Recent,  Cuba,  Mexico,  Africa;  fossil; 
Franzensbad. 

N.  ffemma  (R).  —  Small,  striated, 
divided  by  a  median  constriction  in  both 
views  into  two  lenticular  lobes;  in  lateond 
view  terminated  by  a  median  apiculus. 
£B.  1840,  p.  19.  Mouth  of  the  River 
Elbe.     l-M)"  to  1-648". 

N.  Api$  (E.,  E.).—  Oblong,  so  much 
constricted  as  to  be  nearly  divided  into 
two  semiorbicular  lobes;  stries  slender, 
granulate ;  stricture  smooth.  EB  jp.  100, 
pL  28.  £  76.  a^Pirmulana  Apia,  EA.  iii. 
pL  7.  £  18.  Mexico,  Africa.  Distin- 
guished by  its  smootn  stricture  and  its 
finely  ^pwiulate  striae  (12  in  1-1200''). 

N.  tiUerrupta  (E.).  —  Sinuato-con- 
stricted  at  the  middle,  with  broadly  ellip- 
tio  lobes  and  roimdea  ends ;  stri»  int^ 
Tupted  opposite  the  nodule.  ER  p.  100, 
pL  29.  £  93.  =  Navicuia,  BAJ.  1842, 
pL  2.  £  la    Marine.    America,  Jutland. 


R  Valves  divided  into  three  or  more  par" 
tions  by  two  or  four  constru^ions,  btd 
not  constricted  at  the  centre  (Nodoss). 

N.  amada  (R).  —Smooth,  linear 
elongated,  diviaed  by  two  oonstzictioos 
into  three  neariy  equal  nodes;  apkes 
obtuse.  EM.  num^ous  figures,  s  N. 
ventricoea,  E.  Apparently  common,  since 
Ehrenbeig  gives  upwards  of  fifty  habi- 
tats in  fAirope,  Asia,  Australia,  Africa, 
and  America.  This  species  mi^ht  be 
placed  with  almost  equal  propne4;y  in 
the  following  section. 

N.  polyonea  (Br^).  —Elongated,  ba- 
cillar,  WAblinear,  divided  by  two  con- 
strictions into  three  nodes,  the  middle 
one  laigeet;  ends  roundish-capitate; 
stri»  wanting  or  indistinct  KA.  p.  85. 
^Pinmdaria  tmduiata,  MJ.  u,  p.  ioT,  pL 
4  £  10.    France,  Britain. 

V.Hitchcockii(K),—  BB0LOottk^  Hnear- 
oblong,  each  mar^  with  three  undnlft- 
tions;  M^ioee  suddenly  cuneate,  sob- 
acute.  KM.  pL  5.  3.  £  11.  America. 
(vn.  62.) 

N.  kmosa  (EL). — Smooth  or  obscordy 
striated,  linear,  with  two  cons&ictioiis 
and  thjree  inflations,  the  middle  one 
largest;  ends  cuneate,  subacute^  ER 
pi.  3.  £  50.    Germany. 

N.  nodosa  (E.). — ^Lanear,  smooth  or  ob- 
scurely striated,  with  three  nearly  equal 
inflations;  ends  contracted  into  slwrt  ob- 
tuse beaks.  ER  p.  100,  pL  2a  £  82.  Coib- 
mon,especiallvin  small  pools  bytheroad- 
side.  (ix.  143.)  /S,  striae  more  evident  as 
Pinnularia  Legumen,  EM.  many  figures. 
1-430".     Approaches  N,  BOcheoekiu 

N.  <rmoA«(S.).— Valves  with  two  con- 
strictions, three  nearly  equal  inflatkau^ 
rounded  ends,  and  obscure  stri». 

N.  iiM0o2^pto(E.).---Smooth,  elongated, 
linear,  with  three  infiationa,  the  middle 
one  smallest:  ends  strongly  contracted 
into  short  obtuse  beaks.  EM.  pL  17. 
2.  £  17.    America,  France.     1-420*. 

N.mtMil»(E.).— Minute;  linear, some- 
what narrow  m  the  middle,  with  tri- 
orenate  sides  and  obtuse  apioea.  03L 
1863,  p.  528;  EM.  pL  36  b.  a  2.  £  & 
Monte  Rosa.  Difiers  firom  K.  tmdosa  in 
its  stouter  apices :  N.  nodo$a\B  larger  aad 
more  slender.  Ehrenbeig's  figure  shows 
the  TRlves  veipr  minute,  witii  fbur  ooa- 
strictions  and  five  nodules  including  the 
capitate  ends,  which  nearly  resemble  the 
otners  in  size  and  form. 

N.  Ibrmiea  (K).  —  Smooth,  lineti^ 
with  four  constrictions  and  five  oUav 
nodes.  £M.jpL4.3.  £a  Recoi^  UdiImI 
States ;  fossu,  Finland. 
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N.  Mbmle  (K,  K.).—  Striated,  linear, 
constricted,  with  five,  nearly  equal  sub- 
g^oboee  nodes,  including  the  capitate 
euds,=Pmnularia  Mantle,  EM.  pL  17. 1, 
f.  12  ;  Pinnuiaria  isocephala,  £M.  pL  5. 
3.  £  21.  Berlin,  America.  It  has  the 
ends  more  capitate  and  the  stri®  stronger 
than  N.  nodosd. 

N.  Kockii  (£.,  K.). — ^Large,  elongated, 
lanceolate,  with  subacute  apices,  each 
side  with  three  undulations,  the  middle 
one  most  distinct;  strise  oblique  \  the 
median  smooth  band  very  broad^  extend- 
ing to  the  apices.  KA.  p.  84.=i^Krimi- 
laria  KochU,  £B.  1S46,  p.  364.  Fossil. 
Kurdistan. 

N.  Pyrenaica  (S.). — ^Elongated,  slen- 
der linear,  with  three  inflations,  the 
median  one  greatest;  strifiB  indistinct. 
ANH.  1867,  xix.  p.  8,  pL  2.  fl  6.  I^- 
nees. 

N.  tmdoM  (E.).  —  Small,  smooth, 
broadly  oblong-lanceolate,  with  three 
undulations  on  each  side,  and  conical 
apices.  EM.  pL  39.  3.  f.  90.  America^ 
Africa,  Asia,  France.  Ehrenberg  de- 
scribes it  as  akin  to  N.  SitcheockiL 
Rabenhorst  remarks  that  it  resembles  N, 
Persica  in  form,  but  is  scarcely  one-third 
its  size  and  has  no  secondiUT^  undulating 
ribe. 

N.  Persica  (Hab.).  —  Large,  oblong- 
lanoeolate,  with  obtuse  nuunmiform 
apices ;  each  side  with  fiye  undulations, 
and  four  coiresponding  longitudinal  un- 
dulated lines  on  each  side  the  median 
one.  Rab  D.  p.  41,  pi.  6.  f.  65.  South 
Persia.  Broadest  at  the  centre,  and 
ta-peiiag  in  a  pyramidal  manner  to  each 
Kpex. 

N.  Integra  (S.).  —  Small,  lanceolate, 
with  slightly  undulated  margins  and 
contracted  apiculate  apices;  striae  in- 
distinct 36  in  *001",  reaching  the  median 
line  and  most  evident  opposite  the  cen- 
tral nodule.  si\'nnu/arui  mtegra,  SD.  ii. 
L96  j  iV.  ro9irata,  MJ.  iv.  pL  1.  f.  14. 
itain. 

N.  fmdtdata.  s  Pinnuiaria  tnesotyla, 
EM.  pi.  16.  3.  I  27.  Sweden,  India. 
Ehrenberafs  figure  somewhat  resembles 
that  of  KundoM  in  form,  but  is  longer 
and  has  parallel  transrerse  striae. 

C.  Valoes  elongated  Unear  or  lanceolate, 
tmth  gibbous  or  inflated  centre ;  central 
coda,  iffhenpresmt,  usuaUy  converging, 
and  often  leaving  a  dilated  smooth  apace 
round  the  median  nodule, 

N.  mcBotyla  (R). — Small,  smooth  or 
indistinctly  striated,  narrowly  linear, 
with  a  central  ^herical  inflation  ^and 


L slightly  contracted  obtuse  apices.  EA. 
^31, pL  4  2.  £  7.;  EM.  pL  1.  3.  fl  14. 
ia,  AJ&icay  America.     1-420". 

N.  mc<>fMp»ctta(Greg.). — Small,smooth, 
hyaline,  linear,  with  rounded  ends  ana 
slightly  gibbous  centre;  median  line 
strong,  complex,  interrupted  by  the  de- 
finite central  nodule.  GD.  p.  6,  pL  L  £ 
3.    Scotland. 

N.  kemssima  (K,). — ^Minute,  vitreous, 
clear,  linear,  with  broadly  rounded  ends 
and  slightly  gibbous  centre ;  striae  want- 
ing or  indistinct ;  central  nodule  stauros- 
like.  KR  p.  96,  pi.  21.  f.  14  =>  Stow 
roneia  rectangularis,  MJ.  ii.  pL  4.  t  17 
(according  to  Smith).  Fossil,  Santa 
Rore;  recent,  Britain.     1-570". 

N.  tumidula  (Kab.).  —  Small,  linear, 
with  rounded,  slightly  enlarged  ends,  and 
inflated  centre;  central  nodule  stout. 
RabD.  p.  4L  pL  6.  £  9.  Stockholm. 
Closely  allied  to  N.  SiUcula. 

N.  scofmlorum  (Br^.).  —  Elongated, 
slender  hnear,  with  central  and  terminal 
inflations ;  stri»  very  faint,  reaching  the 
median  line,  56  in  -001".  EA.  p.  81.  a 
N,  mesotyla,  KR  p.  99,  pL  5.  f.  3;  Pin^ 
nularia  Johnsonii,  SD.  I  pi.  19.  I  179. 
In  marine  or  braddsh  waters.  France, 
Britain.  Front  yiew  turgid  at  the  middle. 
M.  de  Br^bisson  assures  us  that  Smith's 
species  is  identical'  with  Ms  N.  scopu' 
lorum ;  but  Eiitzing's  figure  and  descrip- 
tion would  not  lead  us  to  infer  the 
identity. 

N.  gibberula  (K). — ^Linear,  with  gib- 
bous centre  and  very  slightly  enlaiged, 
obtuse,  subtruncate  apices;  striae  yery 
fine.  KB.  p.  101,  pL  3.  f.  50».    Europe. 

N.  lej^onggla  (E.).  —  Elongated, 
slender  linear,  striated,  tumid  in  the 
middle ;  apices  slightly  dilated,  oblong, 
obtuse.  KR  p.  99,  pi.  4  f.  9:  EA  p. 
130.  B  Pinnuiaria  kptogonfgla,  EM. 
many  figurea  Europe,  Amenca.  Lough 
Moume  deposit  Kabenhorst  says  that 
this  species  has  double  the  breadth  of 
JV.  accpulorum. 

N.  mesogonstyla  (E.,  K.).  —  Styllform 
or  bacillar,  stnated,  with  gibbous  middle, 
and  broadly  rounded  but  not  dilated 
ends.  KA.  p.  81.  as  Pinnuiaria  meao^ 
^fo>t^y2a,EM.pl.  10.2.f.  2.  Asia,  Africa, 
America.  Akin  to  N,  nobiUs,  but  with- 
out dilated  ends. 

N.  nobUis  (R,  K.).— Very  large,  elon- 
gated, broadly  linear,  gradually  dilated 
at  centre,  and  broadly  rounded  ends; 
costae  obhque,  stout,  dose,  not  reaching 
the  median  line.  AA.  p.  80.  =s  Pin- 
nuiaria nobUis,  EB.  1840,  p.  20  ;  SD.  i. 
pi.  17.  f.  161.    Europe,  America,  Asia, 
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Australia.  1-84'' ;  nodules  large ;  costs 
16  to  18  in  1-1200". 

N.  gigas  (E..  K).— Very  large,  elon- 
gated ;  broadly  linear,  with  gibbous  centre, 
and  broadly  rounded,  slightly  attenuated 
ends;  costte  broad,  close,  not  reaching 
the  median  line.  KA.  p.  ^,^Pmmdaria 
gigaty  EM.  pL  2.  3.  f.  1.  America.  Akin 
to  N,  nobiUs;  nine  pinnules  in  1-1200". 

N.  major  (KLJ.— Xiarge,  turgid,  linear- 
oblong,  with  sliffhtly  tumid  centre  and 
broadly  roundea  ends;  costao  conyerg- 
ing  at  the  centre,  stout,  12  in  1-1200". 
KB.  p.  97,  pL  4.  f.  19,  20,^IKnfmhna 
mqfcfr,  SD.  pL  18.  f.  161;  Pmmdana 
fftndis,  E.,  in  part  Common,  (vn.  65 ; 
xn.  15,  81;  xvi.  1-6.)  This  species 
scarcely  diners  from  iv.  nobUia  and  N, 
giga»,  except  by  its  somewhat  snuiller 
sixe  and  closer  pinnules. 

N.  acrotphairia  (K.y  —  Elongated, 
slender  linear,  with  dilated  centre  and 
ends,  roimded  apices,  and  seventeen  short 
thick  costsB  in  1- 1 200' j,  which  do  not 
reach  the  median  line.  KB.  p.  97,  pL  5. 
f.  2.  B  Pinmdaria  acrospfumnaf  RabD. 

L45,  pL  6.  f:  36;  SD.  pi.  19.  t  183. 
rope.    Front  view  narrow-linear. 

N.  pachyptera  (R,  K.).— Large,  bacil- 
lar,  but  short  and  stout,  with  gibbous 
centre  and  broadly  rounded  ends,  which 
are  not  constricted ;  pinnules  stout,  not 
reaching  the  median  line,  6  in  1-1200". 
KB.  p.  98,  pi.  28.  £  5a  s=  Pinnularia 
pachypteray  £.    Labrador,  Australia. 

N.  n^>€s  (Ralfe). — Small,  oblong,  with 
gibbous  centre  and  broadly  obtuse  ends ; 
8tri»  distinct,  33  in  ^OOl",  nearly  reach- 
ing the  median  line.siV!  obtusa,  SD.  L 
p.  50,  pL  16.  t  140.    Britain. 

N.  cocconejformis  (Greg.).  —  Small, 
subelliptic,  with  tumid  centre  and  slightly 
contracted,  broad,  obtuse  ends ;  striae  in- 
distinct, median  line  straight,  nodule 
definite.  MJ.  iv.  p.  6,  pi.  L  fl  32; 
Grev.  ANH.  2nd  series,  xv.  pi.  9.  f.  6. 
Scotland.  It  much  resembles  Achnanihi- 
diutn  flexeUumj  but  its  median  line  is 
quite  straight,  Greg. 

N.  Macula  (G.). — Small,  oblong,  with 
tumid  middle,  and  very  broad,  suotrun- 
cate  ends ;  strisB  very  fine,  paraUel,  nearly 
reaching  the  median  line,  except  opposite 
the  large,  transverse,  quadrate  inaefinite 
median  space.  TM.  iv.  p.  43,  pL  5.  t  9. 
Marine.  Britun.  Striae  dbout  70  in 
OOl".  In  shape  not  unlike  large  speci- 
mens of  Achnanthidmmjiexelhim,  but  the 
median  line  is  straight  The  central 
nodule  is  obsolete  and  is  replaced  by  the 
laige,  stain-like  blank  space.  Greg. 

N.  ffibba  (E.,  K.).— Badllar,  striated, 


lanceolate,  with  dilated  capitate  ends. 
KB.  p.  98,  pL  28.  £  70.  =  Fimmlana 
gibha,  EA.  pL  1.  2.  £  8;  SD.  pL  19.  £ 
180.  Common.  Europe,  Asia,  A£ica, 
America.  Stri»  dose,  not  reaching  die 
median  line,  30  in  OOl". 

N.  TabeOaria  (E.,  K.).— BaciDar,  elon- 
gated, striated,  rather  tuigid,  ventaicose 
at  the  middle,  with  dilated,  faroadh^ 
rounded  f4>ices.  KB.  p.  98,  pL  2a  £  79. 
=Pinmdaria  TabeOartOy  EA.  pL  2.  L 
£  26 ;  SD.  i  pL  19.  £  18L  Europe,  Asia, 
Africa,  Amenca.  (xn.  21.)  The  c^itral 
dilatation  tapers  less  than  in  H,  gMoj 
and  the  striae  are  more  distant.  It  is 
more  slender  than  N,  nobHu, 

N.  porreda  (E.,  K.).  —  l^'d^f^  elon- 
gate-lanceolate, broadly  tumid  at  the 
middle,  and  gradually  tiqiering  into  the  < 
broadly  obtuse  apices;  strise  oblimie. 
KA.  p.  81.  s  Pinmdaria  porreda^  EA. 
p.  133.  North  America.  Akin  to  N. 
decurreiu, 

N.  decurrefu  (R,  K).~  Striated,  nar- 
row, elongate-lanceola^  tumid  at  tiie 
centre,  somewhat  narrowing  towards  the 
ends,  which  are  broadly  rounded.    KA. 

S.  81,^ Pinnuiaria  deewrrttu,  EM.  many 
guree.  j9  slenderer,  si^Miiiii!arMi  2Vs- 
l^cidaf  R  Y,  strin  obsolete,  siVMioiis 
Trabecuia^  E.  Ehrenberg  givea  upwaidi 
of  80  habitats.    Akin  to  Jv.  gibha. 

N.  E9QX  (R,  K).  — Large,  elongated, 
striated,  narrow-lanceolate,  with  abshtly 
gibbous  centre  and  attenuated  but  <£tiiae 
ends ;  stri»  parallel,  nearly  reaching  the 
median  line.  E[R  p.  94, pL  2a  £  dS.s 
Pinmdaria  Eaox,  EA.  p.  133,  pi.  L  2.  £  4 
Chill   (xii.43.) 

.  D.  Takes  with  a  smootky  trantco'm 
middle  faxda. 

N.  cardinal  (E.).  —  Large,  broadly 
linear,  with  roundea  ends ;  coetsa  stoat, 
radiant,  9  in  OOl",  int^rupted  br  a 
smooth,  transverse  median  band.ssi%i- 
mdaria  cardinalis,  SD.  i.  pL  19.  £  166; 
Stauroptera  cardinaliBj  EM.  several  fi- 
gures ;  Stauroneia  eardinaUSf  KB.  p.  106, 
pi.  29.  £  10.  Europe,  Asia,  Australia, 
Africa,  America,  (xn.  72.)  A  well- 
marked  species,  easuy  recognised  by  its 
large  sise,  roimded  not  atteoitiated  ends, 
and  coarse  stride,  which  are  shorter  near 
the  transverse  median  &scia.  Periiaps 
this  and  other  species  having  a  trans- 
verse smooth  median  fiisda  might  ad- 
vantageously be  retained  in  Staurooeia, 
notwithstanding  that  the  £EMcia  is  not 
formed  by  a  mickened  pTolcmgation  of 
the  central  nodule. 

N.   dwergem  (S.).  —  Large,  obloag- 
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lanceolate,  somewliat  contracted  towards 
the  roanded  ends ;  cost®  radiate  at  cen- 
tre,  interrupted  by  a  smooth  transverse 
median  fiiscia,  11  m  -001".  s  Pmmiktria 
dkergie»8,  SD.  L  p.  57,  pi.  18.  £  177. 
Britain.  The  costaa  near  the  central  no- 
dule are  shorter  and  radiant ;  the  others 
are  divergent. 

N.  BrSnsscnm  (K.).  —  Linear-oblong, 
with  obtuse  ends ;  costse  fine,  indistinct 
doee,  30  in  '001",  not  reaching  the  me- 
dian line,  interrupted  by  a  transverse 
median  fascia.  KB.  p.  03,  pL  3.  £  48.s 
linnuUaria 8Umr(m^fx)rmi8,^lLy.  L  p.  57, 
pL  19.  t  178.  Europe.  Front  view 
Unear,  with  rounded  angles. 

N.  globiceps  (Greg.). — Minute,  narrow 
linear-oblonff,  constricted  beneath  the 
globular  ends;  costie  fine,  distinct,  not 
reaching  the  median  line,  interrupted  by 
a  transverse  median  blank  ban€^  36  to 
40  in  <X)l".=Pinnularia  globicep$,  MJ. 
iv.  p.  10,  oL  1.  £  34.  Scotland.  Di- 
stinguiBhea  by  its  capitate  apices  and 
transrverse  cross-like  median  band. 

N.  parva  (£.).  —  Linear,  constricted 
beneath  the  capitate  ends;  costaa  24  in 
"OOl",  interrupted  at  the  middle  by  a 
tranayerse,  blank,  cross-like  band.  =s  Stau' 
roptera  petrva,  EA.  p.  135,  pi.  3. 1.  f.  19 ; 
iSKatiron^/M»To,  KB.  p.  106,  pL  29.  f.  23 ; 
Pimnularia  interntpta,  SBJD.  i.  p.  59, 
pL  19.  £  184.  Europe,  Asia,  America. 
Transverse  band  dilated  outwards. 

N.  Bohemtca,  EM.  pL  10.  1.  £  4 
Bohemia.  Ehrenber^s  figure  is  rhom- 
boidy  with  obtuse  apices,  three  median 
lines,  between  whicn  and  the  margins 
are  longitudinal  series  of  dots,  all  inter- 
rupted by  a  transyerse  median  blank 
space,  but  no  distinct  nodule ;  £ront  yiew 
narrow-linear,  with  roimded  ends. 

N.  Ckmcuim  (Greg.). — ^Narrow-linear, 
with  two  constrictions ;  central  inflation 
smaU^  smooth;  terminal  ones  oblonff- 
davate,  striated;  stri»  parallel,  neariy 
reaching  the  median  line,  about  32  in 
•001".  GD.  p.  6,  pL  1.  £  5.  Scotland. 
Module  defimte ;  front  view  linear  with 
pounded  angles,  broader  than  the  lateral 
view,  the  margins  striated  except  at  the 
middle. 

EL  ^\ru8tules  in  the  lateral  view  having  the 
striae  on  each  side  of  the  median  Une 
dicided  into  two  series  (a  marginal  and 
a  median)  by  a  longitudinal  line^  blank 
spiice,  or  fascia. 

t  Valyes  elliptic. 

N-  Lyra  (E.).  —  Elliptic  or  elliptic- 
>blaiig,  markea  by  two  narrow  longi- 
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tudinal  blank  spaces,  which  are  con- 
nected by  the  central  nodule,  in  the  form 
of  a  1^ ;  striae  22  to  24  in  -OOl",  often 
indistinct,  the  middle  ones  longest.  =s 
Navicuia  and  Pinnularia  Lyroy  E,  GD. 

&13,  pL  1.  £  13;  N,  Gregoriana,  Giev. 
J.  y.  p.  10,  pL  3.  £  7.  Miuine,  Europe, 
Asia,  A&ca, America.  N.  Lyra,  \ar,  recta, 
Grey.,  large,  oblong-lanceolate  obtuse; 
blank  lines  narrow,  contracted  at  the  no- 
dule, otherwise  parallel  with  the  median 
line ;  striae  24  in  -001" :  Edin.  New  PhiL 
Jour.,  n.s.,  X.  pi  4.  £  3:  Califomian 
guano:  distinguished  by  its  huge  size 
and  straight  bUiuk  lines.  Either  ^^.  Lyra 
is  yery  yariable,  or  more  than  one  species 
has  been  included  under  the  name.  The 
valve  19  either  rounded  at  the  ends  or 
(more  usually)  has  a  short,  produced, 
c»onical  point  The  blank  spaces  are 
linear,  inclined  inwards  at  the  nodule, 
and  the  tips,  which  are  attenuated,  usu- 
ally bent  outwards,  but  are  sometimes 
stndght  or  even  incurved. 

N.  apmroximata  (Grey.).  —  Oblong, 
with  proauced,  conic  apices ;  striae  inter- 
rupted. 17  in  -OOl" ;  outer  band  broad,  not 
dilated  opposite  the  nodule ;  blank  lines 
linear,  nearly  straight.  Grey.  Edin.  New 
Phil.  Jour.,  n,s.,  x.  pi.  4  £  10.  Califomian 
guano.  Allied  to  K  Lyra,  but  distin- 
guished by  the  total  absence  of  any  con- 
traction 01  the  blank  spaces  opposite  the 
nodule.  From  N,  Hennedyi  it  differs  in 
its  linear,  subparallel  bluuc  spaces,  and 
larger  blank  space  roimd  the  nodule. 

N.  irrarata  (Grev.). — Broad,  parallelo- 
gramic  or  oblong,  suddenly  contracted 
at  the  ends  into  mammiform  apices; 
striae  15  in  *001'',  forming  a  broad-linear 
marginal  band,  and  a  narrow  one  of  very 
uneaual  breadth  next  the  median  line; 
blank  epacta  not  reaching  the  ends. 
Grey.  L  c,  th    Califomian  guano. 

N.  forcipaia  (Grev.). — GviQ  or  oblong, 
with  rounded  apices,  and  marked  by  two 
narrow  longitudinal  blank  spaces,  which 
diverge  from  the  nodule  m  a  curved 
manner  and  converge  at  the  apices; 
striae  35  in  '001",  the  middle  ones  longest. 
MJ.  yii.  pi.  6.  £  10, 11.  Marine.  Britain. 
Distinguished  from  N,  Lyra  by  its 
smaller  size,  closer  striae,  and  conniyent 
points  of  the  blank  spaces. 

N,  nummularia  (Grev.).  —  Suborbi- 
cular ;  striae  moniliform,  about  24  in 
•OOl",  interrupted  by  two  narrow-linear 
blank  lines  which  contract  opposite  the 
nodule,  then  curve  outwards,  converge, 
and  meet  at  the  terminal  nodules.  Grey. 
Edin.  New  Phil.  Jour.,  n.s.,  x.  pi.  4.  £  6. 
Califomian  guano.  Valve  small;  striae 
3m 
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concentric  with  the  extremities.  The 
blank  spaces  have  a  considerable  resem- 
blance to  those  of  N,  forcipataf  Grev. 

N.  spectahUis  (Gre^.). — liroadly  ellip- 
tic, gradually  tapenng  to  the  obtiise 
apices ;  blank  spaces  broadly  linear,  con- 
verging at  nodule  and  ends ;  strisd  22  in 
•001",  coarsely  moniliform,  the  outer 
series  forming  a  broad  marginal  band 
much  dilated  opposite  the  nodule.  GD. 
p.  9,  pi.  1.  t  10.  Marine.  Scotland. 
Large  (inner)  bands  of  striae  linear. 
Distinguished  from  N,  Lyra  by  broader 
blank  spaces  and  the  brown  colour  of 
the  striated  portions ;  its  nodule  also  is 
indefinite. 

N.  auhorbtcularis  (Greg.).  — ^^  Small, 
broadly  oval  or  suborbicular ;  striae  con- 
spicuous, about  18  in  -OOl",  divided  by  a 
longitudinal  line  into  two  series,  outer 
one  broadest  opposite  the  indefinite  cen- 
tral nodule.  =  5V.  Stntthit  mhorhicttJwis, 
GD.  p.  15,  pi.  1.  f.  17.  Marine.  Scotland. 

N.  Couneri  (Bailey).  —  Large,  oblong, 
with  sligntly  constricted  sides  and  con- 
tracted mammiform  apices ;  striae  punc- 
tate, divided  into  senes  by  two  narrow 
longitudinal  blank  bands  imited  by  the 
transverse  nodule.  =  JV;im/forwi  Couperii, 
BMO.  p.  39,  pi.  2.  f.  3.  Ignited  States. 
The  outline  is  like  that  of  N.  paradoxa ; 
and  the  markings  somewhat  resemble 
those  of  N.  Lyra,  /9.  Blank  spaces  con- 
nivent  at  their  apices. 

N.  Hennedyi  (S.).  —  Elliptical,  with 
rounded  or  mammiform  ends ;  striae  mo- 
niliform, divided  into  series  by  two  nar- 
row, lunate  longitudinal  blank  spaces, 
the  marginal  series  of  nearly  equal 
breadth  throughout  SBD.  ii.  p.  1)3: 
Greg.  MJ.  iv.  pi.  6.  f.  S.^SUmroneis  art' 
ffiilatOy  Johnston,  MJ.  viii.  p.  13.  Marine. 
Britain,  (vii.  69.)  Striae  24  in  -001", 
not  perceptibly  longer  opposite  the  cen- 
tral nodule,  which  is  iiiaefinite. 

N.  clavata  (Greg.). — Broadly  elliptical, 
with  apices  produced  into  mammiform 
points;  striae  moniliform,  divided  into 
series  by  two  arcuate  longitudinal  blank 
spaces  bent  outwards  at  their  ends; 
marginal  series  of  nearly  equal  breadth 
throughout.  TM.  iv.  pi.  6.  f.  17.  Marine. 
Scotland.  Striae  20  in  -001",  not  per- 
ccntibly  lonjrer  opposite  the  central  no- 
dule, which  is  indefinite. 

N.  nebulosa  (Greg.). — Elliptic-oblonp ; 
blank  spaces  large,  semilunate ;  striae 
fine,  34  to  36  in  001",  forming  a  narrow 
marginal  band  of  equal  breadth.  GD. 
p.  8,  pi.  1.  f.  8.  Marine.  Scotland.  Liner 
bands  of  striae,  very  narrow  linear,  close 
to  median  line.     Aspect  of  valve  hazy 


and  indistinct;  striated  portioits  hivaA 
under  a  low  power ;  nodule  indefinite. 

N.  pr€Bi€xta  (E.\  —  Lft^ge;  elliptk 
with  oroadly  rounaed  ends;  stri©  di- 
stinctly moniliform,  8  to  10  in  "001", 
forming  a  marginal  border  of  neariy  uni- 
form breadth,  which  is  seperated  from 
the  narrow  median  band  by  a  lai^ 
sparsely  granular  space  on  each  side. 
EB.  1840,  p.  20;  GD.  p.  9,  pL  1. 1 11. 
^PinntUanaprtrtexta,  EM.  pL  19.  f  2?^ 
Marine,  Scotland ;  fossil,  Greece.  1-288". 
This  species  is  distingiushed  by  its  lar?e 
size,  coarse  striation,  much  rounded  eniift, 
and  a  broad  semilunate  space  between 
the  marginal  and  inner  bands  ci  striae, 
fumishea  with  scattered  granules. 

N.  CaUformca  (Grev.^.  —  Broadly 
elliptic,  with  flattened  sides ;  strie  mo- 
niliform, divided  into  narrow  marginal 
and  median  bands  by  a  large,  semilu- 
nate, smooth  intermeoiate  space  on  earfi 
side  the  median  line.  Grev.  Edin.  New 
Phil.  Jour.,  U.S.,  x.  pi.  4.  f.  6.  Califaniian 
and  S.  African  guanos.  Marginal  stris 
20  in  -001".  Differs  from  N.  praiesia  in 
having  the  sides  of  the  valve  flattened, 
and  the  broad  intermediate  space  be- 
tween the  marginal  and  median  Btris 
smooth. 

'S.jooly8ticta(Qrey,), — ^Elliptical;  strie 
moimiform,  forming  a  narrow  marginal 
band,  separated  from  the  median  line  by 
an  irregularly  punctate,  lunate  intCT- 
mediate  space ;  strise  25  in  "001".  Grev. 
/.  c.  f.  2.  Califomian  guano.  Valve  mi- 
nute. Differs  from  X,  pratfxt4i  in  its 
smaller  size  and  far  less  rounded  etids. 

N.  Smithii  (Br^.).  —  Elliptic,  with 
rounded  apices;  striae  distinct^  21  in 
•001",  interrupted  on  each  sdde  of  th* 
median  line  by  a  lon^tudinal  line :  the 
inner  series  narrow,  famter.s  JVl  eO^itie^ 
SD.  i.  p.  48,  pi.  17.  £  162.  Marine. 
Europe.  The  outer  series  of  stria>  is 
broad,  but  not  dilated  opposite  the 
central  nodule. 

N.  fusca  (Greg.).  —  L&ilge,  eDiptie- 
oblong,  with  broadly  rounded  <9id^; 
striae  coarsely  moniliform,  about  10  in 
*001";  dividea  on  each  side  by  a  loi^ 
tudinial  line  into  two  series,  the  inner 
one  fainter.  ssiV.  Smithiij  fi  fiisca,  GD. 
n.  14,  nl.  1.  f.  16.  Marine.  Scodand. 
Differs  fix)m  K  Smithii  in  its  much  1arg«3 
size  and  more  distant  striae.  XoduJa 
indefinite ;  median  smooth  space  nazrov 
lanceolate. 

N.  niUscens  ('Greg.). — Small,  elliptie- 
lanceolate,  witn  obtuse  apices;  strisa 
obscurely  moniliform,  about  16  in  001% 
converging  at  centre,  divided  on  eacfc 
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sido  by  a  longitudinal  line  into  two  seriee, 
reaching  the  median  line.=JV.  Smithii, 
y  mU9cen8j  GD.  p.  16,  pL  1.  f.  16.  Ma- 
rine. Scotland.  Colourless  under  a  low 
power;  median  line  linear,  nodule  de- 
finite. Distinguished  from  iV.  Smiihii  by 
its  smaller  size,  the  characters  of  nodule 
and  median  line,  and  its  bright-white 
aspect 

N.  quadrifasciata  (J^X  —  EUiptic-ob- 
lonjg,  with  attenuateo,  obtuse  ends ; 
striffi  20  in  1-1200"^  divided  on  each  side 
of  the  median  line  mto  two  linear  series. 
iiBb  1840.  =  Pinmdaria  quadrifasdtttay 
EM.  pL  19.  f.  25-27:  K  Uneata,  Donkin, 
MT.  vi.  p. 32,  pL3. 117?  Marine.  Fossil, 
Greece ;  recent,  Britain.  1-430".  Series 
of  strife  sejMirated  by  a  narrow  blank  line. 

N.  elltptiea  (K.). — Elliptic  or  linear- 
elliptic,  with  rounded  ends;  strim  di- 
stinct, connivent,  27  in  -OOl",  divided 
into  two  series  on  each  side  the  median 
space  by  a  longitudinal  line.=JV.  Par- 
nrnla,  KA.  p.  80 ;  N.  ovaUs,  SD.  i.  p.  48, 
pL  17.  f.  153.    Europe. 

^.pygmeeaQL,^. — Minute,  elliptic  or 
oblong-elliptic,  with  rounded  ends,  hya- 
line, with  very  faint,  close  strisB,  and  a 
panduriform  blank  median  space.     KA. 

77.=JV:  minutula^  SD.  i.  n.  48,  pi.  31. 

274.  In  brackish  or  fresh  water. 
France,  England.  Although  the  striae, 
which  are  very  indistinct,  are  not  inter- 
rupted, yet  the  peculiar  form  of  its  me- 
dian space  shows  that  its  proper  position 
is  in  tlus  group. 

N.  €e8tiva  (Donkin).  —  Large,  narrow- 
elli|>tic,  with  rounded  ends;  striae  fine, 
distinct,  costate  or  obscurely  moniliform, 
reaching  nearly  to  the  median  line, 
crossed  on  either  side  near  their  inner 
ends  by  a  longitudinal  line.  TM.  vi. 
p.  32,  pL  3.  f.  18.  Marine.  Northum- 
berlano.  This  beautiful  species  differs 
from  N.  Smithii  in  its  more  gracefullv 
elliptical  figure,  in  its  costate  and  much 
finer  striae,  and  in  the  darker-brown 
colour  when  mounted  in  balsam.  The 
dry  valve  is  ]^e-brown.    DonMn. 

N.  AUmaniana  (Greg.). — Small,  oval, 
with  subacute  apices ;  costae  about  20  in 
"001",  somewhat  radiant,  nearly  reaching 
the  median  line,  divided  by  a  line  near 
to  and  concentric  with  the  margin.  = 
Pinmdaria  AUmanianaj  GD.  p.  16,  pL  1. 
f.  21.  Marine.  Scotland.  The  marginal 
series  of  costae  narrow,  conspicuous, 
border-like ;  the  inner  one  fainter. 

2  t  Valves  linear,  with  dilated  centre 
and  ends. 

N.  iJtf6e«Aor<<iV(Ilalfs).  — Elongated, 


I 


slender,  gradually  dilated  at  centre  and 
broadly  rounded  ends ;  striae  fine,  short, 
divided  on  each  side  the  median  line  by 
a  narrow,  blank,  longitudinal  line.= JVn- 
nularia  interrtwta^  Kab  D.  p.  44^  pi.  6. 
t  3.  Italy.  Divided  by  two  constric- 
tions into  three  oblong  portions;  the 
interrupting  line  undulated  like  the 
marquis.  This  species  resembles  a  slen- 
der iV.  nobilis  with  interrupted  striae. 

F.   Valves  with  capitate  or  rostrate  apices, 
t  Valves  inflated  or  ventricose. 

N.  Crux  (E.).  —  Cruciform,  with  di- 
verging costae,  which  do  not  reach  the 
meoian  line.  =  Pinnularia   Cfrux,    EM, 

El.  12. 1  37.    Asia,  Cassel.    This  species 
as  the  lateral  view  like  a  Biblarium,  but 
with  median  line  and  nodule. 

N.  Trochus  (E.).  —  With  strongly  in- 
flated middle,  and  obtuse,  rostrate  ends, 
longitudinally  striated.  E  Inf.  p.  179, 
pl.21.  f.  8.    FossiL    Sweden.    1-860". 

N.  if^lata  (K.). — Minute ;  with  much 
inflated  centre,  and  short,  obtuse,  beak- 
like ends;  striae  wanting  or  indistinct 
KB.  p.  99,  pL  3.  f.  36= iV:  FoUiSy  EM. 
several  figures.  Fossil,  Sweden,  Santa 
Fiore ;  recent,  Europe. 

N.  amphisbcma  (Bory).  —  Inflated, 
elliptic,  with  capitate  or  conic  apices; 
striae  close,  delicate.  E  Inf.  p.  178,  pL  18. 
f.  7 ;  SD.  i.  p.  51,  pi.  17.  f.  147.  Common. 
Europe,  Asia,  Africa,  America,  (yn.  72 ; 
IX.  141.)  1-1700"  to  1-240".  Median 
nodule  orbicular.  The  Pinnularia  ant" 
phisbana,  EM.,  is  probably  a  state  of  this 
species  exhibiting  more  conspicuous 
striae. 

N.  Placenta  (R). — Minute,  ventricose, 
roundish-elliptic,  with  a  nipple-like  pro- 
jection at  each  apex.  EM.  pL  33. 12. 
£  23.     Oregon. 

N.  spharophora  (K.). — Elliptic-lance- 
olate, stron^y  constncted  into  capitate 
or  conic  apices;  striae  wanting  or  in- 
distinct KR  p.  05,  pi.  4.  f.  17;  SD.  L 
p.  62,  pi.  17.  f.  148.  Europe,  Asia.  Very 
similar  to  N.  amphisbtcnay  but  it  is  less 
inflated,  and  it  appears  destitute  of  striae. 
According  to  Raoenhorst,  it  diflers  also 
by  having  faint  longitudinal  lines. 
1-320". 

N.  brevis  (Greg.).  —  Small,  elliptic, 
contracted  into  short,  broad,  mammiiorm 
ends;  striae  fine,  about  35  in  OOl", 
nearly  reaching  the  median  line,  shorter 
opposite  the  mdefinite  central  nodule. 
GrD.p.6,pl.  l.f.4.  Scotland.  Professor 
Walker  Amott  is  probably  correct  in 
uniting  this  to  JV.  amphisbana, 
3m2 
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N.  Iqptoeephala  (Rab.). — Small,  lance- 
olate, with  elongated,  slender,  obtuse, 
somewhat  clayate  beaks ;  8tri»  wanting 
or  indistinct.  Rab  D.  p.  39,  pL  6.  t  69. 
ISurope. 

N.  exUis  (K). — ^Very  minute,  smooth, 
lanceolate,  with  produced,  obtuse  apices. 
KB.  p.  95,  pi.  4  f.  6.    Germany. 

N.  rostrata  (R),  —  Finely  punctated, 
broadly  lanceok^,  almost  rhomboid, 
rapidly  tapering  into  acute  beaks ;  cen- 
tral nodule  large.  £B.  1840,  p.  18 ;  KB. 
p,  94,  pL  a  £  46.  FossU.  Santa  Fiore. 
1-216' .  Front  view  linear,  with  trun- 
cate apices. 

N.  Charontis  (£.). — ^Elongated,  smooth, 
oblong-lanceolate^  with  me  ends  con- 
tracted into  conic  beaks.  £B.  1845, 
p.  239 ;  EM.  pL  35.  bb.  1 12.  Four  times 
as  long  as  broad. 

N.  OtratUina  (Rab.).  —  Oblong-lance- 
olate, with  rounded,  slightly  contracted 
ends.    Rab  D.  p.  44,  pi.  6.  f.  42. 

N.  dirhynckus  (E.). — Small,  narrow- 
lanceolate,  with  come,  rostrate  apices; 
stnab  wanting  or  indistinct  EA.  p.  130, 
pi.  3.  1.  f.  11.    Falaise,  Mexico. 

N.  Gargamca  (Rab.).  —  Minute,  lan- 
ceolate, suddenl;^  contracted  into  short, 
thick,  obtuse  apices ;  strias  distinct,  ob- 
lique, reaching  the  median  line,  six  near 
the  central  n<3ule  stouter  than  the  rest. 
sspinnularia  Gc^gamca^  RabD.  p.  44, 
pLaf.  41.    Italy. 

N.  (tmphiceros  (K). — ^Minute,  broadly 
lanceolate,  with  produced,  rostrate  apices, 
and  fine  strisB.  KB.  p.  95,  pi.  3.  f.  39. 
Germany.  Asia. 

tf.tteUtgera  (E.,  K).— Rhomboid-lan- 
ceolate, with  the  apices  suddenly  atte- 
nuated into  obtuse  oeaks ;  the  very  fine 
punctated  pinnules  distinctly  radiating 
from  the  orbicular,  smooth  umbilical 
space.  KA.  p.  70.  ^PinniilanaiteUigera, 
EB.  1845,  p.  364.    Marine.    India. 

N.  Peterm  (E.,  K)— DQated,  large  at 
each  end,  suddenly  attenuated  into  a  very 
short  beak ;  median  line  double,  with  a 
narrow,  longitudinal  umbilical  space; 
pinnules  very  fine.  KA.  p.  70.=i\wiu- 
Jaria  Pelerm,  EB.  1845,  p.  364.  Mouth 
of  the  river  Tagus. 

N.  guttuUfera  (Rab.^.— Minute,  slen- 
der, acicular,  with  a  glass-like  globe  at 
each  apex.  RD.  p.  40,  pL  6.  f.  74.  South 
Persia. 

N.  pachycephala  (Rab.).  —  Minute, 
slender-lanceolate,  constricted  beneath 
the  capitate  apices;  striaB  converging; 
central  nodule  stout,  terminal  ones  ob- 
solete. =s  Pinmdaria  pachycephday  RD. 
p.  43,  pi.  6.  £  40.    Italy. 


N.  ctncta,  =  Pinmdaria  cincta,  EM. 
pL  10.  2.  f.  6.  Bohemia.  This  species 
18  figured  as  miiiute,  lanceolate,  with 
obtuse  apices ;  strice  oblique,  those  oppo- 
site the  central  nodule  raoiant  and  stouter 
than  the  others. 

N.  CfreyorH  (Raih).  —  Small,  narrow 
linear-lanceolate,  contracted  at  the  ends 
into  minute  beaks ;  striao  distant,  parallel, 
scarcely  reaching  the  median  line.  = 
PinmUaria  apicuiat<i,  Greg.  M J.  iii.  p.  41, 
pi.  4  f.  21.*    Scotland. 

N.  angtutata  (S.). — Minute,  narrow- 
lanceolate,  constricted  beneath  the  capi- 
tate apices ;  striae  indistinct,  45  in  -OOl". 
SD.  L  p.  52,  pL17.  £  im,:=^N.dicephala  ft 
KA.  p.  76P  Britain,  Fakise.  Front 
view  narrow-Unear. 

N.  cryptocephaia  (K). — Very  minute, 
lanceolate,  with  globose,  capitate  apices ; 
strisB  wanting  or  indistinct.  KB.  p.  95, 
pL3.  f.20.    Europe. 

N.  Veneta  (JSJ\.  —  Verjr  minute,  lan- 
ceolate, rather  oroad,  with  produced, 
slightly  obtuse  apices;  striee  wanting 
or  intotinct  KB.  p.  95,  pi.  30.  f.  76. 
Brackish  water,  Venice.  Resembles  N, 
crypto^hah^  but  is  shorter  and  broader. 

N.  Pusidium  (K).  —  Narrow-lanceo- 
late, distinctiy  but  slightly  constricted 
beneath  the  capitate  apices.  EM.  pi.  5. 3. 
£  4    America,  Asia. 

N.  leptogtylua  (E.).  —  Lateral  view 
turgid-lanceolate,  suddenly  tapering  into 
short  beaks  with  capitate  apicea  =  N, 
Pfatofca,EM.  pl.l5A.  £42. 

N.  ampMrrhma  (E.)  =  Pinmdaria  am" 
pJurrhina,  EM.  pi.  15  a.  £  20.  Lough 
Moume  deposit,  Japan,  America.  Ehr- 
enberg  figures  this  species  as  inflated- 
lanceolate,  rapidly  tapering  into  subacute 
beaks ;  striae  parallel. 

N.  amphirhynchm  (E.). — Small;  tur- 

S'd-lanceolate,  suddenly  constricted  at 
e  ends  into  short,  subcapitate  beaks; 
strisB  indistinct  or  wanting.  EA.  pi.  3. 1. 
£  10 ;  KA.  p.  76.  Europe,  Asia,  Aus- 
tralia, Africa,  America,  (xn.  6.^ 

N.  arr^Mstyhts  (E.,  K).— Elongated 
baciUar,  with  turgid  middle,  attenu- 
ated, filiform,  obtuse  apices,  and  deli- 
cate pinnules.  KS A.  p.  75.  s  Pinntdaria 
an^histylua,  ER  1845,  p.  79.  Fossil 
Oregon.     1-372". 

N.  ordinata  (Brdb.). — ^Minute,  smooth, 
connected  in  a  parallel  manner  into 
short,  fragile  filaments ;  valves  slender- 
luiceolate,  contracted  at  the  ends  into 
short,  often  capitate  beaks.  Br^b.  =  JV. 
apwnna  /3,  KA.  p.  69.    Falaise. 

N.  euryciphala  (Rab.).  —  Large,  ro- 
bust, oblong;  slightiy  contracted  at  the 
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eoAi  into  very  short  and  broad,  tnmcate 
beaks.  Rab  D.  d.  40,  pL  0.  f.  70.  Ger- 
many.  Median  Une  and  nodule  strongly 
developed.  Resembles /Stoiirowm  jpforfy- 
Mtotiuif  but  with  a  rounded,  not  trans- 
Terse  median  nodule. 

3t  Valves  linear. 

N.  dicephah  (E.).  —  Elongated  linear, 
couslricted  at  the  ends  into  capitate  or 
broadly  conical  beaks;  striio  either  ob- 
scure or  distinct,  19  in  1-1200". =iVan- 
cula  and  Pinnuian'a  dictphalay  EM.  many 
li":ure8j  Pinnuhria  biceps,  Greg.  MJ.  iv. 
pi.  1.  f.  28?  Common.  Europe,  Asia, 
Afi-ica,  America.     1-8G0"  to  1-480". 

N.  producta  (S.).  —  Linear,  abruptly 
contracted  at  the  ends  into  short,  obtuse 
beaks;  stria)  faint,  42  to  48  in  -001". 
SD.  i.  p.  61,  pi.  17.  f.  144.  =  N.  amphi- 
ty fichus,  SD.  i.  p.  51,  pL  16.  f.  142.  Britain, 
(vu.  00.) 

N.  biroetris  (E.). — Elongated  narrow- 
linear,  suddenly  contracted  at  the  ends 
into  conical  apices ;  strise  distinct,  close, 
parallel.  =  Pinnularia  birostris,  EM.  pi. 
16  A.  f.  24  FossiL  Lough  Moume  ae- 
posit ;  Sweden.  This  form  seems  scarcely 
to  differ  from  N,  diceohala,  except  in 
having  slenderer  frustules. 

N.  gracUlima  (Greff.X — Slender,  nar- 
row-linear, coustrictea  oeneath  the  capi- 
tate apices ;  cost«B  fine,  27  in  OOl",  not 
reaching  the  median  line.  =  Ptmiularia 
ffradUima,  MJ.  iv.  p.  9,  pi.  1.  f.  31 ;  SD. 
li.  p.  96 ;  Pinnularia  tenuis,  M  J,  ii.  pL  4 
f.9?     Britain. 

N.  limaiHs  (Greg.). — Minute,  narrow- 
linear,  constricted  beneath  the  subcapi- 
tate  ends ;  cost«B  very  tine,  about  40  in 
•001",  parallel,  reaching  the  median  line. 
=  Pinntdaria  linearis,  M  J.  iv,  p.  8,  pi.  1. 
f.  29.     Scotland. 

N.  stibcapitata  (^Greff.). — Minute,  nar- 
row-linear, constnctea  beneath  the  capi- 
tate ends ;  strise  subdistant,  conspicuous, 
short  =  Pinnularia  subccmitaia,  MJ.  iv. 
p.  9,  pi.  1.  f.  30.     Scotland. 

N.  Elgitiensis  (Greg.). — ^Minute,  linear, 
constricted  beneath  the  subquadrate 
capitate  ends;  strise  fine,  about  30  in 
•001",  slightly  oblique,  reaching  the 
median  Vm^,^ Pinnidaria Elginen8%s,'^i* 
iv.  n.  9,  pi.  1.  f.  33.     Scotland. 

ri.  limpida  (Perty).  —  Rather  large, 
striated,  oroadlv  linear-oblong,  suddemv 
contracted  at  the  ends  into  short,  broad, 
obtuse  beaks.  Perty,  Mic.  Org.  of  Alps, 
p.  204,  pi.  17.  f.  0.  Alps.  Front  view 
linear,  with  tnmcate  ends;  striae  10  to 
11  m  1-1200". 


N.  Piscicubts  (E.,  K.).  —  laon^ted, 
slender,  striated,  narrow-linear,  slightly 
contracted  at  the  ends  into  conic  beaks ; 
strise  veiT  delicate.  KA.  p.  75.  =  PtM- 
mdaria  Piscicuhis,  EA.  pL  2.  1.  t  3a 
Cavenne,  India,  Falaise. 

N.  Umbata  (E.). — Small,  linear,  each 
end  suddenly  contracted  into  a  short, 
broad,  truncate  beak,  and  a  wide  border 
appearing  within.  EA.  p.  180,  pL  1. 3. 
£1(5.    Chili. 

N.  hngiceps  (Greg.).  —  Minute,  nar- 
row-linear, with  the  ends  contracted 
into  short,  obtuse  points;  nodule  indt>- 
finit«;  striae  wanting  or  inconspicnoua. 
MJ.  iv.  p.  8,  pi.  1.  f  S7.     Scotland. 

N.  a^nis  (E.). — Small,  linear-oblong, 
with  the  ends  suddenly  contracted  inio 
short,  broad,  obtuse  beaks :  striae  want- 
ing or  indistinct  EA.  p.  129,  pL  2. 2.  f.  7; 
Sfi.  i.  p.  60,  pL  16.  f  143.  Very  conuuon. 
Ehrenbei-g  gives  upwards  of  seventy 
habitat*,  (xn.  32.)  1-570"  to  1-420^. 
Resembles  N.  dicephala, 

N.  dttbia  (E.).  —  Small,  linear-lanceo- 
late,  with  the  ends  suddenly  contracted 
into  conic  beaks;  striae  wanting  or  in- 
distinct EA.  J.  130,  pi.  2. 2.  f.  a  Asia, 
Australia,  Africa,  America.  Akin  to 
JV.  affinis, 

N.  ambi^  (E.).  —  Small,  oblongs 
somewhat  inflated,  with  the  ends  sud- 
denly contracted  into  short, conic  beaks; 
striae  wanting  or  indistinct  EA.  pL  2. 2. 
f  9;  EM.  pL  15 b.  1 15.  America,  Aus- 
tralia, Lough  Moume  deposit  Re- 
sembles JV.  affinis  and  iV.  dicephala, 

N.  rosteUata  (K.\  —  Minute,  striated, 
linear-oblong,  witn  elongated,  rostrate, 
acute  apices.  KB.  p.  95,  pL  3w  £  65. 
Wangerooge. 

N.  colmnnaris  (EX — Large,  elongated, 
broadly  linear,  sudaenly  contracted  into 
short,  very  broad,  rounded  ends,  and 
marked  by  numerous  longitudinal  lines. 
EM.  pi.  14.  f  23.    Berlin. 

N.  ampliata,  EM.  pL  17.  2.  f.  7,  & 
nl.  15  A.  f.  32.  Finlimd,  Siberia,  Loogh 
Moume  deposit    Ehrenberg^s  figures  re- 

E resent  this  species  as  ku-ge,  smooth, 
roadly  linear,  suddenly  contracted  at 
the  ends  into  broad,  rounded,  mammi- 
form beaks. 

N.  Vespa  (R). — Small,  line4ir-oblong, 
constricted  beneath  the  capitate  apices ; 
nodules  minute;  striae  parallel,  dose, 
nearly  reaching  the  median  line.=/^ 
mdaria  Fe^Mi,  £M.  pL  33. 5. 1  9.  Asia, 
Africa,  America. 

N.  i$icurra  (Greg.).  —  Small,  linear, 
with  slightly  sinuated  sides ;  ends  ccm- 
tractcd  into  short  truncate  beaks ;  striaa 


Digitized  by  VjOOQ IC 


OF  THE  NAVICCLK^. 


903 


-wantiiig  or  inconspicaous.    M  J.  iy.  p.  8, 
pi.  1.  f.  26.    Scotland. 

N.  apictdata  (Br6b.). — Striated,  linear, 
suddenly  attenuated  at  each  end  into  a 
short  apiculus;  front  view  broad,  <jua- 
drate,  with  striated  lateral  margins: 
sttisQ  strong,  14  in  <X)1",  nearly  reaching 
the  median  line.  Br^b  DC.  p.  16,  pi.  1. 
£  20.^Fitmulana  rostellata,  GDC.  p.  16, 
pi.  1.  f.  20.  Marine.  Europe.  Striae 
somewhat  radiant.  The  frustules  are 
much  compressed,  and  yery  similar  in 
the  front  yiew  to  those  of  if.  retusa, 

4t  Valyes  subauadrate  or  elliptical,  with 
conical  terminal  points. 

N.  lacudris  (Qreg.).  —  Small,  oblong 
QT  subquadrate,  with  acute  or  shortly 
rostrate  apices }  strise  fine,  distinct, 
slightly  oblique,  nearly  reaching  the 
median  line,  28  or  30  in  001".  M J.  iy. 
p.  6,  pL  1.  f.  23.  Scotland.  The  only 
species  with  which  this  could  be  con- 
founded is  N,Jirma\  but  the  latter  is 
longer  and  larger,  of  a  brown  colour, 
with  finer,  less  conspicuous,  and  parallel 
striffi. 

N.  humerom  (Br6b.). — Striated,  sub- 
quadrate  ;  ends  truncate,  with  a  minute, 
conic  central  point;  striae  fine,  monili- 
form,  24  in  -001",  radiant,  reaching 
nearly  to  the  median  line,  shorter  oppo- 
site the  roundish  umbilical  space.  SD. 
ii.  p.  94.  =  N.  quadrata,  Greg.  TM.  iy. 
p.  41,  pi.  6.  f.  6.  Marine.  Europe.  Ac- 
cording to  Dr.  Donkin,  the  dry  yalve, 
undeir  a  low  power,  is  hyalme  and 
colourless. 

N .  granvlata  (Br^.). — Striated,  rather 
large,  elliptic  or  subauadrate ;  ends  with 
a  conic  central  pomt;  stiiaD  conspi- 
cuously moniliform,  16  in  -001"^  radiant, 
reaching  nearly  to  the  median  line. 
Donkin,  TM.  yi.  pi.  3.  £  19.  Marine. 
Europe.  Distinguished  from  N,  hmne- 
rasa  oy  its  more  distant  and  coarsely 
granulated  striae.  "  Dry  yalye  of  a  dull 
bluish  colour,  inclining  to  purple  '* 
(Donkin). 

N.  compacta  (Grey.).  —  Small,  sub- 
quadrate,  with  slightly  concave  sides, 
xounded  shoulders,  and  the  median  line 
prolonged  into  conic  points ;  striee  faint, 
42  in  -001",  reaching  nearly  to  the  me- 
dian line.  Greg.  MJ.  y.  p.  11,  pi.  3.  f.  8. 
Marine.  Not  uncommon.  The  striae  are 
nearly  paralleL  A  species  well  marked 
by  its  quadrate  shape. 

N.  lalimma  (Greg.\ — ^Broadly  elliptic, 
with  slightly  proauced  mammiiorm 
apices ;  stria)  distii^ct,  finely  moniliform, 


radiant,  nearly  reaching  the  median  line, 
shorter,  and  leaving  an  orbicular  hyaline 
space  round  the  central  nodule.  Til.  iy. 
p.  40,  pi.  6.  f.  4.  Marine.  Britain, 
(vn.  70.)  Distinguished  from  N.  t/ra^ 
nulata  by  its  straw  or  light-brown  colour 
in  balsam,  and  less  conspicuous  OTanules. 

N.  Barclay  ana  (Grc^.).  —  Elliptic- 
oblong,  with  minute,  conic  apices ;  striae 
about  38  in  -001",  finely  moniliform, 
short,  forming  a  narrow  marginal  band, 
and  enclosing  a  lar^,  lanceolate  smooth 
median  space.  GDC.  p.  8,  pi.  1.  f.  9. 
Marine.  Britain.  The  marginal  striated 
band  is  of  nearly  uniform  breadth,  ex- 
cept near  the  base,  where  it  becomes 
narrower, 

N.  marina  (Ralfe). — Oyal,  with  slightly 
produced  conic  apices,  and  33  distinct, 
momliform,  radiant  striae  in  001",  which 
reach  the  median  \mQ.  ^  N.  pimctulata, 
SD.  p.  62,  pi.  16.  f.  161.  Marme.  Eng- 
land. 

N.  producta  (Ralfe). — Oblong-elliptic, 
much  constricted  at  each  end,  as  it  ob- 
tusely mucronate ;  surface  elegantly 
marked  by  decussating  punctated  lines ; 

?uncta  in  quincunx. =Jv.  decuasata,  EB. 
843,  p.  256.    Habit  of  K  Amplmhcena, 

G.  Valves  lanceolate  or  rhomboid. 

N.  rhombotdes  (K).  —  Rhomboid-lan- 
ceolate, with  subacute  apices  and  85, 
very  faint,  parallel  striae  in  -001".  EA. 
pi.  3.  1.  f.  16 ;  SBD.  i.  p.  46,  pi.  16. 
I.  129.     Mexico,  Europe,  Australia. 

N.  rhomhica  (Greg.).  —  Rhomboid- 
lanceolate,  with  very  tine  but  distinct 
striae,  45  in  '001",  reaching  the  median 
Ime.  MJ.  iii.  p.  40,  pi.  3.  f.  16 ;  TM.  iv. 
p.  38,  pi.  6.  f  1.  Marine.  Scotland, 
(vn.  71^  According  to  Professor  Gre» 
gory,  N.rhombica  is  distinguished  from 
A",  rhomboides  by  the  different  appear- 
ance of  its  median  line  and  central 
nodule,  as  well  as  by  its  distinct  striae. 

N.  rhonibea  (E.). — Broadly  rhomboid- 
lanceolate,  witn  acute  apices,  and  delicate 
longitudinal  lines  on  each  side;  trans- 
verse strite  wanting  or  indistinct.  EA. 
p.  131,  pL  3.  7,  f.  27.  Mexico.  1-480" 
to  1-360". 

N.  Demerara  (E.).  —  Smooth,  rhom- 
boid, tumid,  strongly  tapering  into  acute, 
subrostrate  apices.  EB.  1846,  p.  79. 
Demerara.  l-o76".  "  Distinguishea  from 
N.  rhombea  only  by  its  subrostrate  ends  " 
(Rabenhorst). 

N.  decussata  (E.,  K.).  —  Rhomboid- 
lanceolate,  with  suoacute  apices,  an  ob- 
solete  umbilical  space,  and  very  tine, 
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decussating,  punctated  strisB.  KA«p.70. 
xzPinttulttria  deeussata,  £B.  1845,  p.  364 
Marine.    India. 

N.  Indica  (E.),  —  Rhomboid-lanceo- 
late,  with  somewhat  obtuse  apices,  a 
small  umbilicus,  and  thick-set,  mie,  lon- 
gitudinal, punctated  lines  (8  on  ^ach 
side).  EB.  1846,  n.  363.  Manne.  India. 
Somewhat  resembles  N,  decu$9ata, 

N.  P  a»oenda  (E.,  K.).— Turgid,  short, 
rhomboid-lanceolate,  six-anffled,  rough 
with  punctated  stri» ;  umbmcus  subor- 
bicular;  the  longitudinal  median  snaoe 
much  dilated  near  the  umbilicus.  KA. 
p.  71.=-R>intiZarkiP  asperula,  EK  1846, 
p.  3G4     Marine.    India. 

N.  Libellus  (Greg.).  —  Rhomboid-kn- 
ceolate,  with  obtuse  ends;  stries  fine, 
uniform,  about  60  in  *001",  reaching  the 
median  line ;  fix)nt  yiew  broadly  linear, 
with  the  central  portion  longitudinally 
lined.  GDC.  p.  67,  pi.  6.  f.  101.  Scotland. 
In  form  it  much  resembles  JV.  rhom-' 
bt'cat  but  is  more  obtuse  and  broader, 
with  uniform  strise.  Professor  Walker- 
Amott  regards  this  species  as  escaped 
firustules  of  Schizonema  GrevHUiy — an  opi- 
nion, indeed,  shared  by  Professor  Gre- 
gory himself. 

St.  suUiUs  (Greg.). — Elongated,  trans- 
lucent, yery  slender,  rhomooid-lanceo- 
late,  with  a  minute,  definite  nodule; 
costse  about  30  in  "001",  parallel,  reach- 
ing the  median  line.  ssPinmthria  mtbtiliSf 
GDC.  p.  16,  pi.  1.  f.  19.  Marine.  Scot- 
land. 

N.  lanceolata  (Ag.,  K.\  —  Minute, 
narrow-lanceolate,  with  44  indistinct, 
parallel  strice  in  <X)1".  KB.  p.  94,  pi.  28. 
f.  38 ;  SD.  i.  p.  46,  pi.  31.  f.  272.  Europe, 
America. 

N.  seriam  (K.).  —  Small,  lanceolate, 
with  fine  longitudinal  lines,  and  subacute 
apices ;  front  yiew  broadly  linear.  KB. 
p.  92,  pi.  28.  f.  43;  SD.  i.  p.  47,  pL  16. 
1. 130.  =  iV.  lineolatoy  EM,  several  figures. 
Europe,  Asia,  Australia,  Africa,  Ame- 
rica. 1-288".  Frustules  frequently  co- 
hering. 

N.  Suhtda  (K.). — Elongated^  slender, 
narrow-lanceolate,  with  tapenng,  sub- 
acute apices,  and  fine  longitudin^  lines. 
KB.  p.  91,  pi.  30.  f.  19.  Marine.  Europe. 

N.  tenelia  (Br^b.).  —  Minute,  smooth, 
yery  narrow  -  lanceolate,  witJi  acute 
apices;  front  yiew  linear,  slightly  con- 
stricted at  the  middle.  KA.p.74.  Europe. 

N.  ampkioxys  (^E.). — Elon^ted,  nar- 
row-lanceolate, with  acute  apices ;  striae 
indistinct  or  wanting.  EA.  pi.  1.  2.  f.  8 ; 
EM.  many  figures.  Europe,  Asia,  Aus- 
tralia, Africa,  America,  Lough  Moume 


deposit.    More  slender  than  N,  gndik. 
Front  yiew  nanow-linear. 

N.  Cctri  (E.). — ^Minute,  smoodi,  lance- 
olate, slender,  acute  at  both  sides,  with  a 
circular  median  nodule.  £1.  p.  179 ;  EM. 
pL12.£20.    FossiL    CaaseL     l-1160'^ 

N.  oxyphyUum  (K.). — ^Pellucid,  glaa^f 
smooth,  slender- lanceolate,  gn^ual^ 
tapering  to  the  acute  apices;  median 
nodule  obsolete.  KR  p.  92,  pL  da  £  17. 
Marine.    Near  Ilinsbiug. 

N.  vehx  (K.).  —  Minute,  smooth, 
broadly  or  oblong  IsnceolAte,  witii  acute 
apices.  KB.  p.  91,  pL  a  £  6a =31  o6- 
lotiga,  EA.  pL  k  1.  £  14.  Wangerooge, 
Mexico. 

N.  aponina  (K.).  —  Minute,  nnooth, 
slender-lanceolate,  with  acute,  aubros- 
trate  ends.  KB.  p.  91^  pL  4^  £  1.  Europe. 
Front  yiew  narrow-knear. 

N.  CesatH  (Rab.).  —  Minute^  smooth, 
slender-lanceolate ;  front  yiew  linear, 
with  rounded  ends.  Rab  D.  p.  39,  pL  6w 
£89.  Piedmont  Very  like  if.  ^^mmmo, 
but  more  slender  in  the  lateral,  and 
broader  in  the  front  \iew. 

N.  digito^adiata  (Greg.). — Small,  ob- 
long-lanceolate, with  obtuse  ends ;  8tri» 
fine,  distinct,  aoout  26  in  -OOl'',  reaching 
the  median  line,  those  near  the  centnd 
nodule  more  distinct  and  hi^^y  radiant* 
^Pmmdaria  diffUa-^adiata,mJ,  iy.  p.  9^ 
pLl.  £32.    Scotbmd. 

"N,  aolaris  (Orki^X  —  Elongated,  nar- 
row-lanceolato,  witn  obtuse  ends ;  atria 
fine,  yery  distmct,  36  in  001",  obliq[ue, 
radiant,  and  shorter  opposite  the  inde- 
finite central  nodule.  TM.  iy.  p.  43, 
pL  6.  £  10.  ^  Marine.  Scotland.  Colour 
Drown;  strise  so  highly  radiant  lonnd 
the  central  blank  spot  as  to  present  the 
appearance  of  a  sun  with  rays.  It  is 
longer  than  N,  radioea,  with  finer  and 
more  inclined  striffi. 

N.  Medkerranea  (K.V — ^Minute,  nar- 
row-lanceolate, with  ODtuse  apioee  and 
20  striss  in  1-1200";  front  yiew  strictty 
linear,  truncate.  KR  p.  93,  pL  a  £  17. 
Marine.  Europe.  1-1200". 
.  N./wiiMjAi&to,EM.pl.l6A.£34,B.£ia, 
14.  ^  Loi^h  Moume  deposit,  Sweden, 
Africa.  Ehrenbeig  figures  this  spedes 
as  riiomboid-lanceolate,  with  longitu- 
dinal, parallel,  dotted  linea, 

N.  cmpendictdata  (Ag.,  K).— -Minute, 
lanceolate,  with  slightly  tui^d  middle 
and  subrostrate  obtuse  ends.  KB.  p.  93, 
pL  3.  £ ^.^FruduUa  and  OwtMLap- 
pen^UctdatOy  Ag.  Europe.  rVont  yiew 
linear,  with  truncate  ends.  In  the  lateral 
yiew  the  apices  are  somewhat  prodaced, 
but  scaicely  rostrate. 
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N.  obUua  (R).  —  Small,  oblong-lan- 
ceolate, with  obtuse,  rounded  ibices. 
£A.  p.  ISl.  North  America,  Ada, 
A&ica.  Kiitzing  thinks  it  probably 
identical  with  N.  appendicukUa, 

N.  mfiexa  (Greg.). — Small,  lanceolate, 
with  subacute  apices:  costao  conspi- 
cuous, 26  in  <X)1",  nighlj  radiant,  nearly 
reaching  the  median  line,  except  oppo- 
site the  central  nodule,  where  they  are 
short,  leaving  a  large,  roundish  blank 

rce,=:IHnmilaria  tit/2exa,  TM.  iy.  p.  48, 
5.  f.  20.  Scotland.  Beneath  each 
apex  is  a  strong,  dark  cross-bar,  pro- 
bably caused  by  a  depression,  Greff. 

N.  fortts  (6reg.).  —  Small,  oolong- 
lanceolate  or  somewhat  rhomboid,  with 
obtuse  apices ;  coatee  conspicuous,  16  in 
-001",  not  reaching  the  median  line, 
gradually  shorter  and  more  radiant  near 
Uie  central  nodule,  s  Pinmiiaria  fortia, 
TM.  iv.  p.  47,  pi.  5.  f.  19.  Scotland. 
Turgid  J  costse  prominent,  so  as  to  i^pear 
more  distant  than  they  actually  are. 

N.  «itrf»ca(K.). — Very  minute,  smooth, 
tuigid-lanceolate,  with  distinct  median 
and  terminal  nodules.  KB.  p.  93,  pi.  3. 
£  32.     Wangerooge.     1-1660". 

N.  JurgensU  (K.).  —  Minute,  smooth, 
turgid  or  oblong-lanceolate,  with  obtuse 
apices  and  obsolete  median  nodule ;  front 
new  broadly  linear,  with  truncate  ends. 
KB.  p.  93,  pi.  3.  f.  8.  Island  of  Wan- 
gerooge,  Germany.     1-720". 

N.  viridula  (K.).  —  Small,  lanceolate, 
with  obtuse,  slightly  produced  apices; 
stxisd  wanting  or  incQstmct.  KB.  p.  91, 
{d.  4.  f.  10.  15.    Surope. 

N.  carinata  (E.).  —  Large,  lanceolate : 
front  yiew  linear,  ydth  a  broad  dorsal 
longitudinal  keeL  £B.  1840,  p.  18. 
Fo^iL  Shores  of  the  Rhine,  in  yolcanic 
schists.     1-216". 

N.  du^hana  (E.).  —  Large,  smooth, 
diaphanous,  elongated,  lanceolate,  with 
obtuse  apices ;  the  umbilicus  intercepting 
the  double  median  line.  £B.  1845, 
p.  78.  Guiana.  1-192".  Habit  of  iStow- 
ronets  phcemcenteron, 

N.  Schaniburffkorum  (EX  —  Large, 
elongated,  lanceolate,  with  obtuse  apices, 
and  the  habit  of  AT.  dumhana,  but  with 
three  longitudinal  median  lines.  EB. 
1845,  p.  79.    Guiana.     1-180". 

N.  iaUuicula  (K.).  —  Rather  large, 
oblong  or  elliptic-lanceolate,  with  rather 
obtuse  apices ;  stries  shorter  opposite  the 
central  nodule,  10  to  12  in  1-1200". 
KB.  p.  93,  pi.  5.  f.  40,^N, patula,  SD. 
L  p.  49,  pL  16.  f.  139.  Europe,  Irelwid. 
Twice  as  long  as  broad;  front  yiew 
broadly  linear,  with  truncate  ends. 


N.  8ehomburgku  (R,  K.).  —  Laige, 
lanceolate,  equeJ,  three  times  as  long 
as  broad,  ydth  subacute  apices,  and  25 
stri»  in  1-1152".  KA._p.  71.  =  Pin- 
nularia  achonUmrakU^  EB.  1845,  p.  80. 
Guiana.  Is  smaller  and  more  obtuse 
than  N.  tegtiaUs, 

N.  paipebraiia  (Br^.).  —  Broadly  kn- 
ceolate,  with  suoacute  apices,  and  27 
radiant  stri»  in  *001",  which  do  not 
reach  the  median  line.  SD.  i.  p.  50, 
pi.  31.  f.  273.  Marine.  France,  Britain. 
StrisB  short,  leaying  a  lanceolate  median 
blank  space. 

N.  anffuloaa  (Qre^X — Broadly  lanceo- 
late or  oblong,  witn  subacute  apices; 
8tri»  conspicuous,  short,  forming  a  nar- 
row maigmal  band,  shorter  near  the 
middle,  and  leaying  a  smooth,  rhomboid 
median  space.  TM.  iy.  p.  42,  pi.  5.  f.  8. 
Marine.  Britain.  AT.  anatdosa  is  larger 
than  N.  pcUpebralis,  and  the  angular  me- 
dian space  IS  a  good  and  permanent  maik 
of  distmction ;  nodule  definite. 

N.  radioM  (K.).  —  Small,  slender- 
lanceolate,  with  subacute  apices^  and 
from  15  to  18  distinct,  radiant  stnee  in 
1-1200".  KB.  n.  91,  pi.  4  f.  23.  =  Pin- 
nularia radioaa,  SD.  i/p.  56,  pL  18.  f.  178. 
G^ermany,  Britain.  With  stronger  stri» 
than  N.  gracilis* 

N.  vu^ina  (K). — Rather  turgid,  lan- 
ceolate, with  acute  ibices;  front  yiew 
broadly  linear,  with  truncate  ends  and 
punctate  mamns;  striss  obscure.  KB. 
p.  92,  pL  3.  £  43.  Germany.  Inter- 
mediate between  N,  gracilis  and  N,  cm^ 
pidattL 

N.  cuspidata  (K).  —  Broadly  lanceo- 
late, with  acute  apices,  a  yery  minute, 
orbicular  central  nodule,  and  close,  yeiy 
fine  transyerse  strisB.  EB.  p.  94,  pL  8. 
£  24, 37 ;  SD.  i.  p.  47,  pi.  16.  £131.= A^o- 
rMt^,^4/(7a,  EM.  many  figures.  Common. 
Europe,  Asia,  Africa,  America.  Txn.  5.) 
Front  yiew  narrow-linear.  1-1150"  to 
1-180".  The  lateral  yiew  is  broader  and 
more  rhomboid  than  in  N,  gracilis. 

N.  Cantonensis  (E.). — Broadly  oblong- 
lanceolate,  with  acute,  slijg^htly  produced 
apices ;  strisa  wanting  or  mdistinct  EB. 
1847,  p.  484.  Canton.  1-480".  Itdifiers 
from  JY.  ctupidftta  in  its  shorter  and  acute 
apices. 

N.  amphisphenia  (R).  —  Lanceolate, 
nayicular,  gradually  attenuated  into  the 
apices,  witn  an  oblong  median  nodule; 
strife  wanting  or  obscure.  EA.  p.  129; 
EM.  pL  9. 1. 1 16.  America,  Asia,  Africa, 
Europe.  Distinguished  from  N,  cuspid 
data  oy  its  oblong  nodule. 

"^.pkyUepta  (K.).  —  Minute,  slender. 
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smooth,  narrow-lancoolate,  with  acute 
apices;  front  view  strictly  linear,  with 
truncate  ends.  KB.  p.  94,  pL  30.  I  66. 
Marine.    Europe. 

N.  Mdeagris  (K.). — Somewhat  turgid, 
lanceolate-acuminate,  with  an  elegantly 
punctate  margin.  KB.  p.  92,  pi.  30.  f.  37. 
Marine.  Europe.  Front  view  broadly 
linear. 

N.  gracilis  (E.).  —  Small,  elongated, 
slender-lanceolate,  with  subacute  ends; 
strisB  very  fine,  radiant,  22  in  <X)1", 
reaching  the  median  line.  E.  Infus. 
p.  176 ;  EM.  many  figures.  Europe,  Asia, 
Africa,  America,  Lough  Moume  deposit 
1-1600"  to  1-660". 

N.  oxyptera  (K.). — Elongated,  slender, 
narrow-lanceolate^  with  acute  apices,  ana 
fine,  slightly  radiant,  transverse  strin. 
KSA.  p.  69. = Pinnularia  ampkioxyi,  EM. 
numy  figures ;  P.  acuttiy  SD.  i.  p.  6o,  pL  18. 
f.  171.  Europe,  Asia^  Australia,  Africa, 
America. 

N.  Kefvingenm  (R). — Small,  striated, 
lanceolate,  navicular;  striao  converging 
at  the  centre,  17  in  1200".  EB.  1840, 
p.  20.  =n  Pinmdaria  Kefvinffensis,  EM. 
pL  10.  2.  f.  4,  6*  Fossil  Bohemia, 
Asia. 

N.  peregrma  (R,  KX — Striated,  nar- 
row-lanceolate, graduaUy  tapering  to  the 
subacute  apices ;  pinnules  oblique,  reach- 
ing the  median  line,  13  in  -001".  KB. 
p.  97,  pi.  28.  f.  62. =^Hnnularia  peregrma, 
EA.  p.  133,  several  figures ;  SI).  L  p.  66, 
pL  18.  f.  170.  Marine,  Europe,  Asia, 
Africa,  America. 

N.  leptostigma  (E.).  —  Striated,  lan- 
ceolate, with  subacute,  slightlv  produced 
apices;  the  transverse  dotted  strisd  in- 
conspicuous. EB.  1846.  =s  Pinnularia 
Uptostigma,  EM.  dL  33. 12.  f.  26.  Fossil. 
United  States.  Twice  as  long  as  broad. 
1-432". 

N.  £hrefibergii(K.y — ^Lanceolate,  with 
somewhat  acute  apices,  and  fine,  radi- 
ating stria.  KR  p.  92,  pL  3.  f.  38.  = 
Naacula  lanceolata,  R  Int  pi.  13.  £  21. 
Europe. 

N.  neglecta  (K.). — ^Turgidj  lanceolate, 
with  subacute  apices,  margms  longitu- 
dinally costate  and  transversely  striated. 
KB.  p.  92,  pi.  28.  f.  44.  ^Pinnularia  lan- 
ccokUa,  EA.  pi.  3. 1.  f.  6.  Europe,  Ame- 
rica. Front  view  oblong,  with  incras- 
sated  middle  and  truncate  ends.  1-1160^' 
to  1-280";  striae  13  in  1-1200". 

N.  Sempronia  (Perty).  —  Minute, 
acutely  lanceolate;  striffi  not  reaching 
the  median  line;  front  view  linear, 
slightly  narrowed  towards  the  ends. 
Perty,  Microsc  Org.  p.  204,  pL  17.  f.  8. 


Alps.    BelonffB  to  the  smaller  specif 
ana  is  very  like  N,  exiUs, 

N.  directa  (S.).  —  Slender,  narrow- 
lanceolate,  acute;  costro  fine,  paraUd, 
reaching  the  median  line,  20  in  •001". 
s  Pinwdaria  directa,  SD.  L  p.  66,  pL  18. 
f.  172.  Marine.  Sussex.  Trout  view 
narrow-linear. 

^.ptdchra  (Greg.). — Broadly  lanceo- 
late or  somewhat  rnomboid ;  stris  radi- 
ant, strongly  monilifonn,  nearly  reaching 
the  median  line,  shorter  opposite  the 
slightly  dilated  indefinite  noaules.  TM. 
iv.  p.  42,  pL  6.  t  7.  Marine.  Scotland. 
Rapidly  tapering  to  the  obtuse  apices. 

]N.  imga  (Greff.). —  Much  elongated, 
lanceolate  or  sligntly  rhomboid,  acute; 
costfld  conspicuous,  about  12  in  OOl", 
nearly  reaching  the  median  line,  some- 
what shorter  and  radiant  opposite  the 
central  nodvlc^P^imdaria  imga,  Greg. 
TM.  iv.p.47,pl.6.£18.  Scotland.  The 
only  known  form  to  which  it  has  any 
resemblance  is  N,  directa,  but  the  latter 
form  is  not  rhombic,  and  the  stnm  are 
much  more  numerous  and  parallel 

N.  acuUusctda  (Greg.).  —  Elongated, 
slender, '  linear-lanceolate,  acute;  costs 
distinct,  about  30  in  *001",  reaching  the 
median  line,  central  ones  radiant  and 
more  conspicuous.  s=/Viiiitd<irMi  aadittt- 
ctda,  TM.  iv.  p.  48,  pL  5.  £1 21.     Scotland 

N.  costata  (K).  —  Oblong-lanceolate, 
with  obtuse  apices,  and  longitudinal 
puncteted  lines  j  median  nodiue  large, 
terminal  ones  mmute.  KR  p.  93,  pL  3^ 
f.  66.  Fossil  Sante  Fiore.  Front 
view  oblong,  with  Ji)roadly  rounded 
apices. 

N.  Norvegica  (R,  K).— Broadly  ob- 
long, with  acute  apices,  a  narrow  striated 
bolder,  and  a  smooth  median  space ;  striie 
30  in  1-1200".  KA.  p.  79.  =  Pimudari^ 
Norvegica,^,  Marine.  Europe.  Front 
view  narrow-linear,  truncate.     1-360*'. 

N.  Libyca  (R.).  —  Small,  striated, 
acutelv  oblong-lanceolate,  with  14  siris 
in  I-I2OO";  front  view  quadrangular, 
with  truncate  ends.  ER  1840,  p.  20. 
Sinai.  1-660".  It  has  the  habit  of  N. 
fvika,  but  is  wider,  and  not  rostzate. 

N.  Pupula  (K.).  —  Minuto,  smooth, 
oblong-lanceolate,  with  slight  produced 
^ices.    KB.  p.  93y  pi.  30.  £40.   Europe. 

N.  alpina  (S,). — Large,  oblong-lMi- 
ceolate,  with  obtuse  ends,  and  7  to  9 
stout  distant,  radiant  costie  in  -001", 
which  do  not  reach  the  median  line.^ 
Pinnidaria  a^nna,  SD.  i.  p.  66,  pL  18. 
f.  168.  France,  Scotland.  Front  view 
broadly  linear,  with  truncate  ends;  costss 
shorter  near  the  central  nodule. 
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N.  distans  (S.).  —  Lanceolate,  with  I 
subacute  apices ;  costce  radiant,  distant, 
10  in  '001",  not  reaching  the  median 
hn&,  ssPinnularia  distans,  SD.  i.  p.  50, 
pL  18.  f.  109.  Marine.  Common,  espe- 
ciallj  from  deen  dredg^gs.  Costas 
shorter  opposite  the  central  nodule. 

N.  degems  (S.).  —  Broadly  or  elliptic 
laiu^olate,  with  slightly  acuminated 
ends ;  striae  distinct,  24  in  <X)1",  waved, 
radiate,  nearly  reaching  the  median  line, 
shorter  opposite  the  central  nodule. 
SD.  i.  n.  49,  pL  16.  f.  137.  Marine. 
£}iiglana. 

N.  permagna  (Bai.).  —  Large,  turgid- 
lanceolate,  with  obtuse  apices,  a  mar- 
ginal band  of  punctated  stnse,  and  a 
Broad,  lanceolate,  longitudinal  median 
blimk  space;  nodule  indefinite.  =i^m<- 
lariapermagnay  BMO.  p.  40,  pi.  2.  f.  28  & 
38.     United  States. 

H.    Valves  linear  or  chUmg,  neither 
rostrate  nor  constricted, 

t  Ends  scarcely  cuneate. 

N.  BaciUum  (E.). — Linear,  with  trun- 
cate, roimded  ends ;  strice  indistinct,  54 
in  -OOl".  EM.  several  figures. =JV.  bacil' 
iarie,  Greg.  M J.  iv.  pi.  1.  f.  24.  Ehren- 
berg  gives  about  50  habitats  in  Europe, 
Asia,  Australia,  Africa,  and  America. 

N.  boreaHs  (E.,  K.).--Small,  striated, 
linear,  with  slightly  attenuated,  rounded 
apices ;  striae  stout,  rather  distant,  not 
reaching  the  median  line,  13  in  'OOl". 
KR  p.  96,  pi.  28.  f.  68-72.  s=  Pifmularia 
bftreiuiSf  EM.  numerous  figures;  Pinnu- 
laria  UUestriata,  Greg.  M J.  ii.  pi.  4  f.  13. 
(vn.  74.)  A  verycommon  and  widely 
diiRised  species.  Ehrenberg  gives  about 
200  habitats  for  it  fi  longer  and  more 
dilated  at  the  middle,  =  Pamularia 
Caraccanay  E.  Under  moss  on  trees. 
The  firont  view  of  this  snecies  is  linear, 
witli  truncated  ends  ana  striated  mar- 
g-ins,  and  resembles  that  of  detached 
S-ustules  of  Denticula  and  Odontidium. 

N.  Chilensis  (E.,  K). — Large,  linear, 
with  broadly  rounded  apices,  and  11  or 
12  stout  costae  m  1-1200'\  KA.  p.  79.  = 
Pinfwlaria  ChUensis,  EM.  pL  34. 11.  f.  3. 
Australia,  Asia,  Africa,  Aiierica.  (xn. 
33.)  CostaB  parallel,  eqiud.  Approaches 
to  N,  viridiSf  but  is  shorter  and  broader. 
N.  rectangulata  (Greg.). — Linear,  with 
truncate  rounded  ends;  costae  rather  di- 
stant, 22  in  "OOl",  nearly  reaching  the 
median  line,  except  opposite  the  dilated 
indefinite  nodule,  and  there  shorter  and 
diverging.  GDC.  p.  7,  pi.  1.  f.  7.  Marine. 
Scotland. 


N.  Iridie  (R).  —  Large,  elongated, 
linear-oblong,  tapering  into  the  obtuse 
apices,  finely  striated  both  longitudinally 
and  transversely,  iridescent.  £A.  p.  130, 
pi.  4.  1.  f.  2.    New  York. 

N.  obUmga  (K.). — Elongated,  slender, 
oblong  or  linear-oblong,  with  rounded 
apices;  costae  stout,  connivent  at  the 
centre.  KB.  p.  97,  pL  4.  f.  2L=-nfima- 
laria  poiyptera,  EA.  p.  133 ;  P.  macHenta, 
R  Common.  We  follow  Kutzing  ana 
Smith  in  referring  P.  macilenta,  E.,  to 
this  species;  Ehrenberg*s  figures,  how- 
ever, difier  from  theirs  in  oeing  more 
linear,  with  less  tapering  apices.  1-140". 

N.  Oregonica  (R,  K.).  —  Elongated, 
bacillar,  uniformly  and  gradually  de- 
creasing towards  the  rounded  apices; 
pinnules  stout,  23  in  1-1152".  KA. 
p.  71.  ^Pinnularia  Oregonica,  EB.  1846, 
p.  79.  Fossil  Oregon.  1-228".  It 
approaches  to  N,  Digttus,  but  is  more 
slender. 

N.  truncata  (EL). — Minute,  smooth, 
linear,  with  truncato-rounded  ends,  and 
an  inner  marginal  border  twice  con- 
stricted; front  view  broadly  linear, 
truncate.  KB.  p.  96,  pi.  a  f .  34  Eu- 
rope. 

N.  Liber  (S.). — ^Linear-oblong,  with 
rounded  apices,  and  48  delicate  striad  in 
•001":  colour  of  dry  valve  purplish. 
SD.  1.  p.  48,  pL  16.  f.  133.  Marine. 
Sussex. 

N.  Sights  (E.).  —  Elongated,  narrow- 
linear,  with  rounded  enSs,  and  having 
longitudinal  dotted  lines  on  each  side. 
EM.  ^1. 15 A.  £  36.  Asia;  Lough Moume 
deposit 

N.  JBrgadensis  (Greg.). — ^Ratiier  small, 
narrowly  linear-oblong,  with  roimded 
ends ;  costae  distinct,  25  in  -001",  nearly 
reaching  the  median  line,  shorter  and 
radiant  opposite  the  roundish,  smooth 
umbilical  space.  sPtimM/arta  JErgadensiSf 
TM.  iv.  p.  48,  pi-  5.  f.  22.    Scotland. 

N.  styUformts  ssPitmularia  stglifonms, 
EM.  pi.  38  A.  17.  t  6.  Australia,  Africa, 
America.  £hrenberg*s  figure  represents 
a  portion  of  an  elongated,  narrow,  strictly 
linear  yalve,  with  rhomboid  ends,  and  fine, 
"iel  strisB  which  reach  the  median 


N.  Dactgkis  (E.,  K). — ^Large,  elon- 
gated, linear-oblong,  passing  by  a  very 
fentle  curve  into  the  slightly  narrower, 
roadly  rounded  apices ;  pinnules  14  in 
1-1200".  KB.  p.  98,  pi.  28.  t  59.= 
Pinntdaria  Dactgius,  EA.  p.  132,  pi.  4. 1. 
f.  3.  Europe,  Asia,  Africa,  America. 
Lough  Moume  deposit. 

N.  viridis  (Nitzsch,  K.). — Elongated, 
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slendeTi  linear-oblong  or  linear  lanceo- 
late, with  obtuse  apices ;  12  to  14  radiant 
coeUe  in  I-ISOCX',  shorter  opposite  the 
central  nodule.  KB.  p.  97,  pL  4,  f.  18.  = 
i^iii/orta  Wru/is,  R,  in  part  P ;  Navieuia 
vtntkdoy  R  (dl  133-136.)  Common. 
1-3000"  to  1-280". 

N.  hem^fiera  (K.). — ^Narrow,  linear- 
oblong,  with  obtuse,  conic  J^jj^es,  and 
14  or  15  radiant  costs  in  l-12w'^  which 
do  not  reach  the  median  line.     KB. 

S.  97. pL  30.  f.  \l,^Pinnular%akemi^a, 
D.  iL  p.  96.  America,  Europe.  Front 
view  linear,  with  rounded  angles.  Often 
overlooked  from  its  resemblanoe  to  N. 
viHdU,  from  which  it  is  distinguished  by 
its  finer  striffi  and  narrower  yalve. 

N.  ttqmnoctiaUa  (Mont).  —  Rather 
laive,  linear-oblong,  with  rounded  apices, 
and  4  stout,  radiant  pinnules  in  1-2600". 
Montague,  Annales  des  Sciences  Nat 
1860,  p.  309.  Guiana.  1-260"  to  1-150". 
In  form  it  resembles  N,  Dactyhu^  but 
difiers  in  its  size  and  much  larger  striss. 
In  tiie  latter  respect  it  approaches  to  K 
paehypteroy  but  has  not  the  median  infla- 
tion of  that  species. 

N.  pieurophora  fK.). — Laige,  stout, 
oblong,  or  linear^oblong,  with  broadly 
rounded  ends,  and  6  stout  coetee  in 
1-1200".  KA.  1^,  79.  ^PMmdanacoetata, 
EM.  pi.  4  2.  f.  5 ;  Phmuhria  tneffoioptera, 
EM.  pi.  3.  1.  £  4    America,  Asia. 

N.  &«fctca  rE.). — Oblong-elliptic,  with 
broadly  rounaed  ends,  short,  stout,  rather 
distant  marginal  oost»,  and  large  central 
blank  space.  E  Inf.  n.  189, 1 21.  £18.= 
PmmUaria  Suecicoj  EM.  FossiL  Sweden. 

N.  ktta  (Br^.). —  Large,  linear-ob- 
long, with  rounded  apices,  and  8  stout 
costffi  in  -001",  which  do  not  reach  the 
median  line,  and  are  shorter  and  some- 
what connivent  opposite  the  central 
nodule.  KA.  p.  79.  =  Pmmdiiria  laiOf 
SD.  i.  p.  55,  pL  18. 1  167.  France,  Bri- 
tain.  Front  view  very  broad  linear,  with 
rounded  angles,  truncate  ends,  and 
striated  margins;  the  central  nodules 
large.  This  species  aj^proaches  closely 
in  character  to  iVl  Suectca, 

N.  DiffUus^Pmnttktria  Digtim,  EM. 
1)1.  33. 8.  f.  15 ;  pi.  38  A.  8  B.  £1.  Ame- 
rica, Jaya.  This  species  is  figured  as 
large,  linear-oblong,  with  broadly 
rounded  ends,  and  stout,  parallel  costs 
which  do  not  reach  the  median  line. 

N.  Duxs^Plnmdaria  Dux,  EM.  pi.  a  2. 
£  5.  FossiL  Hungary.  Ehrenberg  repre- 
sents it  as  large,  elliptic-oblong,  witii 
rounded  ends  and  divergent  costas,  which 
do  not  reach  the  median  line,  and  are 
shorter  opposite  the  central  nodule. 


N.  odreoria  (K.).  —  Small,  elliptic- 
oblong,  with  rounded  ends,  laige  centnl 
nodule,  and  close,  fine  stris.  KA.  p.  77. 
Marine.    France. 

N.  retuaa  (Br^.). — Striated,  narrow- 
linear,  with  rounded  ends;  firant  view 
broad,  quadrate,  with  rounded  angles, 
truncate  ends,  and  concave  and  stnated 
lateral  margins.  Br^  DC.  p.  16,  pL  L 
£  6.  Marine.  Europe.  The  frnstuks 
are  much  compressed ;  and  consequently 
the  front  view  is  so  much  broader  than 
the  lateral  aurfiaoos,  that  it  is  difficult  to 
obtain  a  good  sight  of  the  latter.  JV. 
rgiusa,  N,  tmictiiatay  and  a  few  allied  spe- 
cies probably  oufffat,  as  suggested  by  M. 
de  Br^bisson,  to  form  a  separate  group,  if 
not  a  distinct  genus,  distinguished  by 
the  great  comparative  breMth  of  its 
front  view,  with  its  striated  and  sinu- 
ated  or  constricted  lateral  mareins. 

N.  mta  (S.). — ^Nitescent,  Unear-ob- 
long,  vrith  attenuated,  obtuse  ends;  stzis 
very  fiunt,  45  in  OOl";  nodule  smalL 
ANH.1857,xixjp.8,pL2.£4  Pyrene^ 

N.  parvula  (Cfrey.J. —  Small,  narrow 
linear^lanceolate,  witn  obtuse  eskda  and 
distinct  costse,  which  do  not  reach  the 
median  line,  tsPmnulana  pwrvoj  MJ.  ii. 
p.  98^  pL  4.  £  11.    MulL 

2t  Valves  Hnear  or  oblong,  with 
cuneate  ends. 

N.  amj^Ugomphm  (R).  —  Laige, 
broadly  liiMr,  with  sharply  coneate  ends, 
with  or  without  obscure  longitudinal 
lines;  stri»  obsolete  or  distinct  EA. 
p.  129,  pL  3.  1.  £  8;  EM.  many  figuiea. 
America^  Asia,  Europe.  Lough  l&\aa& 
deposit  ^.  strise  distinct  s  Pimmierm 
amphiffonMuSf  EM.  pL  14.  £  IL 
Cayenne,  France. 

N.  dUatata  (E.). — ^Large,  oUcmg  or 
broadly  linear,  vnth  obtuse,  cuneate  eiid^ 
and  furnished  with  longitudinal  Hnes 
near  the  margins.  EM.  many  figuitas. 
Europe,  Lougn  Moume. 

N.  di9/fhema  (E.,  K.). — Linear,  elon- 
gated, with  sharply  cuneate  ends,  finely 
striated  near  the  margins.  KB.  p.  8^ 
pL  2a  £  54.  =  Pinmilana  duphema^  EA. 
p.  132.  America,  Australia.  Approaches 
to  JV.  an^^higomphus, 

N.  aet«to(K.). — ^Narrow-linear,8mooth, 
with  acute,  shortly  cuneate  imices.  KB. 
p.93,pL3.£49.  Island  of  Wangwwge, 
Australia. 

N.  subacuia^Pimmlaria  tmbaeutOf  EM. 
nL  35  A.  6.  £  12.  Perth,  Anstrahiu 
Ehrenbeig's  figure  represents  this  spedet 
as  linear^  with  cuneate  apices,  fine,  close, 
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parallel  strife,  which  reach  the  median 
une^  and  a  eniall  central  nodule. 

N.  acuminata  (S.).  —  Linear,  with 
acutely  cuneate  ends  and  parallel  cosUe, 
which  do  not  reach  the  median  line.  = 
Pmntdaria  acuminata^  SD.  L  p.  65,  pL  18. 
£  164.    Premnaypeat. 

N.  minor  (Greg.). — Minute;  lateral 
Tiew  linear,  with  acutely  cuneate  ends; 
strisB  fine,  nearly  paralle],  not  reaching 
the  median  line,  36  to  40  in  -001".  GDC. 
p.  5,  pi.  1.  f.  1.    Scotland. 

N.  cra8sa  fGrep.). — ^Linear-  or  elliptic- 
oblong,  wiui  obtusely  cuneate  ends; 
strife  fine,  but  distinct,  moniliform,  radi- 
ant^ nearly  reaching  the  median  line,  but 
leaving  an  orbicufiir  blank  space  round 
the  central  nodule.  MJ.  iii.  p.  41,  pi.  4. 
£  18.  Scotland.  Is  of  a  brown  colour 
in  balsam. 

N.  Utricului  (E.,  K.).  —  Striated, 
linear-oblong;  enos  attenuated,  with  a 
slight  mimi^inal  curvature,  into  the  obtuse 
^ces.  KB.  p.  9S,^PifinulaHa  Utri- 
cuhUf  EA.  p.  184.  Mexico.  Akin  to 
N.  iMsphema. 

N.  triponoeephala  (£.).  —  Striated^ 
linear,  with  the  ends  dilated  into  large 
cuneate  heads.  =  Pinnularia  trigonoce' 
phala,  EM.  pi.  84. 8.  £11.  Japan.  Veiy 
unlike  any  other  species  in  having  the 
cuneate  heads  much  dilated  and  broader 
than  the  intermediate  portion. 

N.  mierostoma  (EL). — Large,  turgid, 
elongated  oblong,  witn  obtusely  cuneate 
endfli,  longitudinal  lines,  and  a  veiy  mi- 
nute oblong  median  nodule ;  strisa  nume- 
nooB,  obscure.  KA.  p.  71.=JV:  itrfo,  KB. 
p.  92,  nL  8.  £  61;  N.Jirma,  SD.  p.  48, 
pL16.  £138.  Europe,  ftont  view  broadly 
finear,  with  truncate  ends,  rounded^  an- 
glesy  and  broad  lateral  borders,  tumd  at 
the  middle.  Perhaps  Professor  Smith 
was  right  in  uniting  this  to  N.firma. 

J^.Jktna  (K.).— Large,  turgid,  obloMr- 
kmceolate.  with  obtuse,  cuneate  ends, 
thick  borders,  and  large  median  nodule ; 
striiB  wanting^ or  obeSure.  KB,  p.  92, 
pL  21.  £  10.    FossU.    Santa  Fiore. 

N.  maxima  (Greg.). — ^Large,  striated^ 
linear^  with  longitucunal  lines,  and  ob- 
tuse,  cuneate  or  conic  ends ;  strise  fine, 
parallel,  nearly  reaching  the  median  line, 
shorter  opposite  the  central  nodule, 
about  62  m  OOl".  GDC.  p.  16,  pL  1. 
£  la  Marine.  Britain,  (vn.  76.) 
Generally  elongated;  nodule  definite, 
gurrounded  by  a  smooth  space.  Front 
view  linear,  narrowest  at  the  middle, 
with  striated  margins.  Difiers  from  N. 
firma  in  its  paler  colour,  finer  striee,  and 
more  obtuse  apices,  Greg. 


l^,formo9a  (Greg.). — ^Large,  striated, 
linear  or  linear-oblong,  with  tonntudinal 
lines,  obtuse,  cuneate  or  come  ends; 
striffi  distinct,  slightly  inclined,  not 
reaching  the  median  line,  shorter  oppo- 
site the  large  central  nodule,  about  86 
in  -OOl".  TM.  iv.  p.  42,  pi.  6.  £  6. 
Marine.  Scotland.  Agrees  in  form  with 
iV.  maxima^  but  is  distin^^hed  by  its 
more  couBpicuous  and  sl&htly  inclined 
strisd  which  do  not  reach  the  median 
line,  leaving  a  longitudinal  median  blank 
band. 

N,  KergueUngiB  (R).  —  Oblong,  with 
obtusely  cuneate  ends ;  costae  stout, 
radiant ;  nodule  indefinite.  =s  Pinnularia 
Eerffuelen8i8,E!A.^l  36 A.2.f,  lb.  Africa. 

L   Valves  elliptic,  with  rounded  ends. 

N.  cocconeoides  (Rab.\ — Small,  ellip- 
tic, with  broadly  rounaed  ends,  and  ll 
to  18  parallel  and  distinct,  but  faint 
strife  in  1-1200",  which  reach  the  median 
line,  s  IVnmi/arui  coceoneoidee,  Bab  D. 
p.  43,  pi.  6.  £  18.    Stockholm. 

N.  scutelloides  (S.).  —  Small^  subor- 
bicular,  with  18  moniliform,  radiant 
stri»  in  "OOl".  nearly  reaching  the 
median  line.  SD.  ii.  p.  91 ;  Greg.  M  J.  iv. 
pi.  1.  £  16.    Britain. 

^.pectinalis  (Br^b.). — ^Linear-elliptic, 
with  rounded  ends,  and  22  striae  in  wl". 
SD.  ii.  p.  92.  Marine.  France,  Britain. 
Front  view  with  truncate  ends. 

N.  Algeriensis  (Mont). — Elliptic-ob- 
long, with  10  striad  on  each  margiiL 
M.Fl.d'Alg^r.  p.l90.  Marine.  Algiers. 

N.  Cluthcnns  (Greg.).— Elliptic,  with 
broadly  rounded  ends:  striaa  conspicu- 
ous, moniliform,  reacning  the  median 
line,  about  20  in  <X)1";  median  line 
broadest  at  the  central  nodule,  slightly 
attenuated  towards  the  ends.  GDC. 
p.  6,  pi.  1.  £  2.    Scotland,    (vn.  78.) 

N.  omUs  (Nag.).  —  Finely  striated, 
oval  elliptic ;  front  view  broadly  linear. 
1-720'' to  1-600''.  KA.p.890.  Switzer- 
land. 

N.  chhngeUa  (Nag.).  —  Smooth,  ob- 
long-oval; front  view  broadly  linear. 
1-720"  to  1-480".  KA.  p.  890.  Switzer- 
land. 

N./oMtZw,EM.pl.l0.1.£6.  Bohemia. 
Ehrenber^s  figure  shows  this  species 
elliptic,  slightlv  rhomboid,  with  rounded 
ends ;  the  meoian  suture  of  three  lines, 
interrupted  by  the  indefinite  central 
nodule. 

N.  nana  (Greg.  3f8.). — ^Minute,  oval, 
obtuse;  costas  radiant,  nearly  reaching 
the  median  line;  umbilical  space  not 
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dilated,  a  PmnuJaria  pygmeM,  £M. 
pL  10,  1.  I  9;  MJ.  IV.  pL  1.  £1  a 
Europe. 

N.  lepida  (Gre^.Y— Minute,  hyaline, 
oval,  or  oblong,  witn  obtuse  ends ;  striffi 
indistinct  firom  their  transparency, 
sliffhtly  radiant  MJ.  iv.  p.  1,  pi.  1. 
f.  25.    Scotland. 

N.  oceanica,  —  Elliptic-oblong,  twice 
as  long  as  broad,  with  subacute  apices, 
small,  round,  dearly-defined  umbilicus, 
and  double  median  line;  mu^n  deli- 
cately but  widely  striated ;  pinnules  20 
in  1-1200".    Southern  OceML    1-670". 

K.  Median  line  JlexuoBe, 

N.  tumida  (Br6b.).  —  Large,  tumid, 
striated,  twisted,  oblong,  with  obtuse 
apices,  a  iiexuose  median  line,  and  close, 
line  striae,  which  reach  the  median  line. 
KA.  p.  77.=siV;  Jenneriiy  SD.  i.  p.  49, 
pi.  10.  t  134.  Marine.  FVance,  Britain, 
(vn.  55.)  Front  view  broad  linear  ob- 
long, with  rounded  angles;  fruatulee 
twisted,  so  that  the  hyaline  central  por- 
tion appears  iiexuose. 

N.  convexa  (S.). — Large,  tumid,  stri- 
ated, twisted,  linear  oblong,  with  conic 
apices,  a  flexuose  median  line,  and  21 
striae  m  '001",  which  do  not  quite  reach 
the  median  line.  SD.  i.  p.  49,  pL  18. 
f.  136.  Marine.  England.  Front  view 
broadly  linear-oblong,  with  round«?d 
angles,  and  a  narrow,  flexuoee,  longi- 
tudinal median  band. 

N.  Westii  (S.).— Broadly  lanceolate, 
with  subacute  apices,  and  38  delicate 
8tri«B  in  -OOl",  which  nearly  reach  the 
slijjhtly  flexuose  median  Ime.  SD.  i. 
p.  49,  pi.  16.  f:  135.  Marine.  England. 
Colour  of  dry  valve  dark  purple;  front 
view  linear,  with  rounded  angles,  and  a 
narrow,  slightly  Iiexuose  median  band. 

N.  P  campyiogramma  (^E.).  —  Small, 
ovate,  obtuse,  smooth,  with  a  flexuose, 
sigmoid  median  line,  and  orbicular  cen- 
tral nodule.  EB.  1863,  p.  36.  Bavaria, 
Rhine.  Probably  identical  with  Achnan- 
thidiumfle^eUumj  since  Ehrenberg  states 
that  he  has  seen  it,  toother  with  Ach- 
natUhea  P  Bavaricay  distributed  under  the 
name  of  CymheUaJkxeUa, 

N.  tortuosa  (E.). — Smooth,  crystalline, 
rather  turgid,  and  somewhat  tortuous, 
so  that  one  end  has  a  more  obtuse  apex. 
EB.  1843,  p.  271.     1-288". 

N.  dissimiUs  (S.). — Frustules  oblique ; 
elliptic ;  median  line  somewhat  diagonal 
from  the  obliquitj^  of  the  fiustule,  re- 
curved at  extremities;  striae  obscure. 
ANH.  1857,  xix.  p.  8,  pi.  2.  f.  6.  Pyrenees. 


L.  Frustules  lunat^y  ettrved  m  (he 
front  view, 

N.  genufleJca  (K.). — Parasitic,  smooth, 
narrow-limceolate,  obtuse;  front  view 
linear,  with  truncate  ends,  lunately 
curved.  KB.  p.  101,  pL  2L  £  6.  Marine, 
Peru. 

M.  Ihtstules  lunately  curved  m  the 
lateral  view, 

N.  NeapoHtana  (Rah,).  —  Lunately 
curved,  linear,  with  truncate  end^  and 
transverse  striae.  =s  Faleatetia  NeapoU- 
tana,  Rab  D.  p.  46,  pi.  5.  f.  a     Italy. 

N.  lunata  (K.). —  Smooth,  small.  In- 
nately curved,  narrow-linear,  with 
slightly  rounded  ends;  front  view 
linear,  truncate.  KB.  p.  101,  pL  4. 
f:  L  4^^Falcateaa  Umata,  Rab  D.  p.  4a 
Italv. 

jf.  J2<wMma(Rab.). — Smooth,  attached 
by  a  gelatinous  base;  lunately  curved, 
linear,  with  truncate  ends;  fit>nt  view 
linear  lanceolate,  truncate.  =  FakaieBa 
Bomana,  RabD.  p.  46,  pL  5.  £1  L    Italy. 

Doubtful  or  xnsufficienQy  described 
Species, 

N.  varians  (Greg.). — ^Form  and  size 
variable;  striie  obliqu^  14  to  18  in 
*001"^  nearly  reaching  the  median  lin^v 
more  conspicuous  opposite  the  ceiit7:il 
nodule,  and  highly  radiant  TM.  iii 
p.  12,  pL  2.  Britain.  In  this  speeiei 
I^fessor  Gregory  disregarded  form  and 
size,  considering  the  number  and  dispo- 
sition of  the  strice  as  the  essential  oia- 
racters. 

N,  mutabHis  (Greg.). — ^Form  and  siie 
variable;  strisd  as  in  iV.  varitms,  but 
finer,  and  from  24  to  26  in  -001".  TM. 
iii.  p.  l^ssBinnularia  exigua^  MJ.  ii. 
pL  4.  f.  14.  Britain.  We  concur  ia 
opinion  with  the  late  Profeasor  Smith, 
that  these  species  are  too  vaguely  de- 
fined, and  that  probably  they  are' con- 
stituted of  forms  belonging  to  varioos 
other  species. 

N.  minutissima  (llab.). — Exceedinsly 
minute,  but  with  distinct  median  nodme. 
Rab  D.  p.  39,  pi.  6.  £  80.    Peiaa. 

N.  megalodon  =  Pumularia  megahdoMj 
EM.  pi.  33.  14.  f.  21.  America.  The 
central  portion  of  a  large,  oblong  .species, 
with  stout,  distant,  parallel  coatae,  wliic^ 
do  not  reach  the  radian  line. 

N.  omphalia  (E.). — Large,  iridescent, 
with  very  fine,  granulated,  decussating 
lines;  umbilicus  orbicular,  solid,  hyaline, 
divided  bv  the  sbuight  median  Hn^ 
FossiL    fragments  in  Bennwia  deposiu 
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N.  JthapTtoneis  ^  Piftnularia  Rhtqtho^ 
neis,  EM.  pi.  35  a.  9.  f.  7.  Ganges. 
Minute,  oblong,  with  subacute  apices,  a 
small  central  nodule,  and  diverging  striao. 

N.  euryaonia  (E.). — Minute,  smooth, 
elliptic,  with  rounded  ends,  and  marked 
by  two  narrow,  longitudinal  blank  lines, 
nvhich  converge  at  each  end  and  are 
connected  at  the  centre  by  the  transverse 
nodule.  EB.  1838.  =  Stattroneis  eury- 
^»ia,  EM.  pi.  21.  f.  36.  Fossil.  Algiers. 
Apparently  more  allied  to  the  lyrate 
group  of  Navicula  than  to  Stauroneis. 

Species  from  Ehrenhergy  hnoum  to  us 
only  by  name, 

N.  ceratosttymoy  N,  Jordam,  N,  LegU" 


men,  N,  atnphUepta,  N.  obUquOy  N,  turgidoy 
N,  Seneyalensis,  N.  Falklandia,  N.  Catha- 
rina,  N.  compcrsa,  K  Savanna^  N,  ctula- 
cophioma,  JV.  Barbadensis,  N,  Miryale, 
N.  leptoceroSf  N.  spharoptera^  N,  V&Ho, 
N,  l^totermia, 

Pmmdaria  affinis,  Ehrenberg  pves  80 
habitats.  It  may  be  a  form  of  Navicula 
ajffiniSf  with  more  evident  strisB. 

P.  ambigua,  P.  australisy  P.  insuUms, 
P.  pleuronectes,  P.  PreissH,  P.  Iktsus,  P. 
Fhenana,  P.  Cratictda,  P.  pterophoenay 
P.  platysoma,  P.  CatharimB,  P.  anofnala, 
P.  Hemprichii,  P.  Licuara,  P.  Capensis, 
P.  Cc^a,  P.  antarctica,  P.  Folium,  P. 
microsphenia,  P.  pleuronectes,  P.  Arau- 
cania,  P.  Bttrbadensis. 


Genus  STAURONEIS  (Ehr.,  Kiitz.).— Frustoles  simple,  free  in  fh)nt  view 
parallelogramic ;  valves  with  median  line  and  nodules,  central  nodule  trans- 
versely dilated.  Stauroneis  differs  from  Navicula  in  having  the  central 
nodule  prolonged  into  a  transverse  pellucid  band  (stauros)  free  from  strijB. 
"  In  a  few  cases  we  meet  with  the  semblance  of  a  stauros  in  the  genus 
Pinnularia  [Navicula] ;  but  in  these  instances  a  closer  examination  will  show 
that  this  appearance  arises  from  the  interruption  of  the  costsB  merely,  and 
not  from  the  dilatation  of  the  central  nodule,  which  is  still  found  unchanged '' 
(Smith).  Ehrenberg  divides  this  genus  into  Stauroneis  and  Stauroptera — the 
former  having  smooth,  and  the  latter  striated  frustules ;  but  we  agree  with 
Professor  Kutzing  in  thinking  the  distinction,  as  in  Navicula  and  Pinnularia, 
unsatisfactory,  and  that  many  species  would  be  referred  by  the  observer  to 
the  one  or  other  genus  according  to  the  magnifying  power  of  the  microscope 
used  in  the  examination. 

S.  Legumen  (E.).  —  Small,  oblong- 
lanceolate,  each  margin  with  three  un- 
dulations; apices  apicidated:  stauros 
linear,  reaching  the  margin.  EB.  1844, 
n.  135;  EM.  pi.  39.  3.  f.  104;  Grep. 
MJ.  iv.  pi.  1.  fTO.  =  Stauroneis  linearis, 
SD.  i.  p.  60,  pi.  19.  f:  193.  America, 
Europe,     (vn.  67.) 


*  Valves  constricted  at  the  centre, 

Stauronbis  constricta  (E.). — Small, 
oblong,  deeply  constricted  at  the  centre, 
and  slightly  contracted  into  obtuse 
apices.  EA.  p.  134,  pL  1.  2.  f.  126. 
cSiili,  Australia,  Africa. 

S.  Itabenhorstii. — Linear,  with  broadly 
rounded  ends  and  concave  sides;  costsB 
stout,  oblique ;  stauros  linear.  =  Stauro- 
ptera consti-icta,  Rab  D.  p.  50,  pL  9.  £  10. 
Italy. 

2*  Valves  with  2  or  3  undulations, 
S.  inflata  (K.).— Small,  linear,  with 
two  constrictions,  and  th'ree  dilatations ; 
ends  broadly  rounded;  stauros  linear, 
reaching  the  margin.  KB.  p.  105,  pi.  30. 
£22.    Trinidad.     1-480"  to  1-428". 

S.  JFWme»(Br^b.).~Lanceolate,  acute, 
-with  two  undulations;  stauros  very 
slightly  dilated  towards  the  margin; 
stnce  distmct,  22  in  OOl" ;  front  view 
rectangular.  O08"  to  -015".  TM.  vii. 
p.  180,  pi.  9.  f.  6.  Fresh  water.  Mel- 
bourne. This  beautiful  species  resembles 
&  acutOf  but  is  easily  distinguished  by 
its  marginal  undulations. 


3*  Valves  with  a  sigmoid  median  line, 

^  S.  Sigma  (E.).  —  Stout,  lanceolate, 
sigmoid,  with  obtuse  apices;  stauros 
abbreviated.  EB.  1844,  p.  88 ;  EM. 
pi.  18.  f.  63.  Fossil.  Richmond  deposit. 
It  has  the  form  and  size  of  Pleurosiama 
acuminatum)  but  its  median  nodule  is 
dilated,  as  if  geminate.     1-240".    Ehr. 

S.  obliqua  fereg.).  —  Small,  short,  ob- 
long, or  broadly  lanceolate,  with  a  sigmoid 
or  oblique  median  line ;  stauros  reaching 
the  margin ;  striaa  fine,  45  in  -001".  M  J. 
iv.p.l0,pl.l.f.35.  Lochleven.  (vii.G3.) 

4*  Valves  tcith  rostrate  or  capitate 
apices, 

S.  dHatata  (E.). — Small,  ventricose, 
with  minute,  mammiform  beaks ;  stauros 
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linear,  nearly  reaching  the  margin.  EA. 
•1.  1.  2.  £  120;  SD.  i.  p.  60,  pi.  10. 
,  101.    America,  Australia,    (xn.  16.^ 

S.  exHis  (K,). — Very  minute,  ventn- 
cose,  shortly  rostrate:  stauros  linear. 
KB.  p.  105,  pL  30.  i  21.  Trinidad. 
1-2400". 

S.  jpundata  (K.).  —  Small,  yentrioose, 
with  rostrate  apices,  and  27  radiant 
punctate  strife  in  *001";  stauros  linear, 
abbreviated.  KB.  p.  108,  pL  21.  f.  0 ; 
SD.  i.  n.  61,  pL  10.  £  180.  Britain. 
Fossil,  Santa  Fiore. 

S.  anceps  (E.).  —  Small,  lanceolate, 
constricted  beneath  the  subcapitate 
apices ;  stauros  linear,  not  reaching  the 
margin ;  striae  yery  delicate,  45  in  wl", 
EA.  D,  134,  pL  2.  1.  £  18 ;  SD.  i.  p.  60, 
pL  10.  £  Iw).  Europe,  Asia,  Africa, 
America. 

S.  Crucicula  (S.).  —  Small,  elliptic- 
lanceolate,  somewhat  yentricose,  pro- 
duced at  the  ends  into  minute,  conical 
beaks;  stauros  yery  narrow,  linear, 
reaching  the  margin.  SD.  i.  p.  60,  pL  10. 
£  102.    Marine.    Ireland,    (vn.  64.) 

S.  ventricoaa  (K).  —  Very  minute, 
yentricose,  constncted  beneath  the  capi- 
tate apices ;  stauros  linear,  not  reachmg 
the  margin.  KB.  p.  105,  pL  30.  £  27. 
Germany,  France,  Britain. 

S.  capUata  (E.). — Very  small,  oblong, 
twice  as  long  as  broad,  suddenly  con- 
stricted beneath  the  capitate  apices; 
strisB  18  in  X-1560".  EB.  1844  Southern 
Ocean.    Front  yiew  linear.     1-1162". 

8.  pkyUodes  (E.). — Tui^d-lanceolate, 
with  the  fwices  produced  into  short, 
subacute  beaKs ;  stauros  linear,  reaching 
the  margin.  EA.  p.  135,  nl.  1.  2.  £  10, 
America,  China,     (xn.  7-9.) 

S.  Semen,  EM.  pis.  36  a,  and  38  a. 
many  figures.  Ehrenberg  gives  about 
80  habitats  in  Asia,  Africa,  and  Ame- 
rica. Lateral  yiew  small,  yentricose, 
with  mammiform  apices  and  linear 
staures. 

^,  Tuscula  (E.).  — Small,  striated, 
elliptic-oblong;  apices  suddenly  con- 
tracted, umbonate ;  stauros  linear,  reach- 
ing the  margin;  striae  oblique. =JVart«/& 
Tuscuhy  EB.  1840,  p.  21;  KA.  p.  77; 
Stauroptera  Tuscula,  EM.  pi.  6.  1.  £  13. 
Fossil  Santa  Fiore,  Siberia.  Front 
yiew  linear. 

S.  mesopachi/a,  EM.  pi.  15  a.  £  26. 
Lough  Moume  deposit  Lara^e,  oblong- 
lanceolate,  suddenly  contracted  into  mam- 
miform, obtuse  apices ;  stauros  linear. 

S.  biroatris  (E.).  —  Small,  narrow- 
lanceolate,  with  produced,  rostrate,  sub- 
acute apices;  stauros  linear.   EA.  p.  134, 


pi.  2.  2.  £  1.    America,  Africa 

S.  PUUalea  (E.). — ^Li^^ral  yiew  alender 
lanceolate,  conslaricted  beneath  the  capi- 
tate fences ;  stauros  linear.  EM.  pL  15a. 
£  30.     Lough  Moume  deposit ;  Mexico. 

S.  SiebMii  (E.).  —  Large,  tmgid- 
lanceolate,  tapenng  into  obtuse  beucs; 
stauros  linear.  EM.  pL  34.  a  £  12. 
Japan. 

8.  EkrenherffU  (E.).  —  Small,  inflated, 
oyal,  with  produced,  mammiform  apices ; 
stauros  linear;  strisB  parallel  =  Stam- 
roptera  pUxtystomOj  EM.  pL  14.  £  1^ 
Berlin. 

S.  pfixtyUoma  (E.,  K.). — Linear-ob- 
long, contracted  at  the  ends  into  mammi- 
form beaks ;  stauros  linear.  KB.  p.  105, 
pi.  3.  £  58;  EM.  pi.  a  1.  £  a=iVadfidfl 
platystoma,  E  In£  pL  13.  £  &  Germany, 
America,  Asia,  (dl  142.)  1-1100"  to 
1-240". 

S.  amphicepTuUa  (K). — ^Linear-oblong, 
with  produced,  rostrate,  capitate  apices ; 
stauros  linear.  KB.  p.  105,  pL  30.  £  25. 
Germany,  France. 

S.  linearis  (E.\ — Minute,  Unear-ob- 
long,  with  parallel  marjgfinal  Hnes,  at- 
tenuated at  the  apices  mto  somewhat 
obtuse  beaks ;  stauros  linear.  EA.  p.  136, 
nl.  1.  2.  £  11.  America,  Europe.  Lough 
Moume  deposit 

S.  macrocephala  (K.). — Linear,  deo- 
der,  constricted  breath  the  capitate 
apices;  transrerse  striso  yeiy  aense. 
KA.  p.  ^.^StawropUra  macroeapkala, 
RabD.  p.  40.    France.     1-425". 

S.  pkOycephalassSkntroptera  piafyc^ 

C'ito,EM.pLl7.2.£0.  FossiL  Kn- 
d.  Linear,  suddenly  constricted  be- 
neath the  dilated,  broaoly  rounded  ^ids; 
stauros  linear,  reaching  the  margin; 
strisd  parallel. 

S.  exeeOens  (Perty).~Striated,  broadly 
linear,  suddenly  contracted  into  broadly 
rounded,  mammiform  beaks.  Perty,  InL 
p.  205,  t  17.  £  IL  Alps.  Form  and 
size  of  S.  phtystomtiy  but  striated.  Its 
nearest  ally  is  S,  microttauron,  E. ;  but  it 
is  lai^r  and  somewhat  broader,  witit 
lees  broadly  rounded  ends. 

S.  fnicrosUmron  (E.,  KX  —  Striated, 
linear,  suddenly  constricted  beneath  the 
broadly  rounded,  subcapitate  apices; 
stauros  linear.  KB.  p.  106,  pi.  20.  £  IS. 
SB  Stauroptera  rmcroHauron^  EA.  ]^  L  4 
£  1.    Asia,  Aj&ica,  America. 

S.  nwnogramma  (R). — Oblong,  torgid 
at  the  middle,  and  contracted  at  each 
end  into  a  broad,  rounded,  conical  beak. 
EA.  p.  135;  KB.  p.  105,  pi.  29.  £  18. 
Surinam.  Resembles  Aehnanthes  voh 
tricosa. 
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S.  gramiUda  (E.).  —  BaciUar,  with 
turgid  middle  aiui  obtuse  ends;  trans- 
Terse  8tri»  granulated,  ss  Stauroptera 
gramiiatay  ER  1847,  p.  484  Canton. 
1-480".  Allied  to  FragOaria  ?  mewtyloj 
and  to  Achnaniket  ventrieosa, 

6*  Vtthes  neither  constricted,  rostrtOef 
nor  furnished  with  a  sigmoid  median 
ime, 

t  Valves  lanceolate. 

S.  Fhcenicenteron  (Nitasch.,  R).  — 
Large,  broadly  lanceolate  or  somewhat 
riiomboid,  gradually  attenuated  into 
rather  obtuse  apices;  stauros  slightly 
dibU^  outwards,  readiing  the  maigin; 
striae  fine.  EA.  pL  2.  5.  f.  1;  SD.  i. 
p.  69,  pi.  19.  f.  186.  ^BaciOaria  BuBm- 
eenUron,  Nitzsch ;  CymMla  Phcenicen- 
teron,  AD.  p.  10;  Navicula  Fhamcen- 
terony  E  In£  Common.  Europe,  Asia, 
Africa,  America,  (dl  139 ;  xn.  17, 18.) 
1-400"  to  1-140". 

S.pteroidea  (E.). — Large,  broadly  or 
Bbarply  lanceolate,  with  obtuse  apices, 
and  very  fine,  punctated^  transverse 
strisB ;  stauros  linear,  reachmg  the  mar- 
gin. EA.  p.  136;  EM.  pL  8.  8.  t  7. 
America.  Akin  to  &  BaHegi;  larger 
than  S,  Fhoenicentercny  E. 

8.  Btdleyi  (K), — ^Laige,  broadly  lan- 
ceolate, tapering  graduafly  to  the  obtuse 
apices;  surface  with  very  fine  longi- 
tudinal, undulated  lines ;  stauros  linear, 
reaching  the  margin.  EA.  p.  134;  EM. 
several  figures.  America.  Akin  to  8, 
I^hoemcentertm  and  &  pteroidea,  E. 

S.  amphOepta  (E.V — ^Lanceolate,  little 
acuminated,  with  ootuse  apices ;  stauros 
linear;  strise  none,  or  indistinct.    EA. 

gl^  1.  2.  f.  9-18.  America,  Africa, 
iberia.  It  is  scarcely  distinct  from  8, 
Fhcenieenteron, 

S.  gracilis  (E.).  —  Slender-lanceolate, 
gradiudly  attenuated  into  obtuse  apices ; 
stauros  linear,  scarcely  reaching  the 
margin;  striie  indistinct,  very  delicate. 
EA.  pL  L  2.  f.  14;  SD.  i.  p.  69,  pL  19. 
£.  18o.  America,  Europe,  Asia,  Africa. 
Smaller  and  more  slender  than  the  pre- 
ceding species. 

S.  €^nculata  (Grev.). — Oval,  obtusely 
apiculate;  stauros  linear,  abbreviated; 
^ruefine,d4in-00r.  Edin.NewPhiL 
Joum.,  n.s^  z.  pL  4  £  8.  Californian 
guano.  Inflated,  suddenly  contracted  at 
the  ends  into  conic  beaks;  stauros  not 
Teaching  more  than  halfway  from  the 
median  line  to  the  margin. 

S.  hnceolata  (K.).  —  Slender-lanceo- 
late, taperinginto  the  narrow,  subrostrate 


ends ;  stauros  linear,  reaching  the  mar- 
gin; stri»  obsolete  or  indistmct.  KR 
p.  104)  pL  30.  f.  24.  Falaise.  1-180" 
to  l-10(y'. 

S.  AUantica  (E.).— Small,  lanceolate, 
with  obtuse  apices;  fr(mt  view  linear. 
EB.  1846,  p.  166.  In  pumice  from  the 
Isle  of  Ascension.  Akin  to  8,  amphHepta, 
but  more  obtuse.    1-1162". 

S.  saUna  (Sm.). — Small,  slightly  con- 
tracted at  the  obtuse  apices;  stauros 
linear,  nearly  reaching  the  margin;  stri» 
fSunt,  46  in  -001",  SD.  i.  p.  00,  pi.  19. 
£  188.    Marine.    Britain. 

S.  minuta  (K.). — Smooth,  lanceolate, 
rather  obtuse,  three  times  as  long  as 
broad.   KA.  p.  89.   Thuringia.   1-1200". 

S.  dubia  (Greg.).  —  Minute,  smooth, 
narrow-lanceolate,  with  somewhat  trun- 
cate apices ;  stauros  linear,  nearly  reach-* 
ing  the  margin.  MJ.  iv.  p.  11,  pL  1. 
f.  37.  Scotland.  When  examined  under 
a  hiffh  power,  the  valve  exhibits  two 
paraUel  lines  within  the  margin  on  each 
side. 

S.  staurophcena  (E.).  —  Lanceolate, 
smooth,  slightly  contracted  at  the  sub- 
acute apices ;  stauros  linear,  not  reaching 
themaigm.  EA.p.ld6;  EM.  pi. 2. 3.  f.  11. 
North  America.  Distinguished  from  8 
Fhcsmcenteron  by  its  abbreviated  stauros. 

S.  CrregorH  (k&\&), — Rhomboid-lan- 
ceolate, with  acute  apices ;  stauros  linear, 
reaching  the  maismi ;  strisd  fine,  nearly 
parallel,  60  in  vOl",  ^8taur<meis  am^ 
phtoxys,  Greg.  TM.  iv.  p.  48,  pL  6.  f .  2a 
Scotland.  Highly  convex,  and  even  in 
the  best  position  showing  the  margin  as 
a  broad  black  line,  Oreg. 

S.  inanis  (Perty).--^triated,  lanceo- 
late or  elliptic-lanceolate,  with  very  fine 
transverse  stri».  Perty,Inf.  p.  206,  pi.  17. 
f.  7.  Alps.  In  form  nearly  agreeing  with 
8  linearis,  E.,  but  striat^. 

S.  UneoUxta  (E.). — ^Broadly  lanceolate, 
with  obtuse  apices,  and  parallel,  dotted, 
longitudinal  Imes;  stauros  linear.  EA. 
p.  136,  pi.  2.  1. 1  19.     Cayenne. 

S.  pumiia  (K). — ^Minute,  elliptic-lan- 
ceolate, with  acute  apices,  and  short, 
marginal,  punctated,  transverse  strice; 
stauros  reaching  the  margin.  EB.  p.  106, 
pi.  30.  f.  43.  Marine.  Christiania.  Front 
view  linear,  with  rounded  angles  and 
truncate  ends.     1-1440"  to  1-1080'. 

S.  Aeknanthes  (E.,  K).  —  Lanceolate, 
with  obtuse  apices;  strise  distinct,  ob- 
lique ;  stauros  linear,  reaching  the  mar- 
gin. KB.  p.  106,  t.  29.  f.  22.=Stattroptera 
Achnanihes,  EA.  p.  185,  pi.  8.  8.  f.  7; 
EM.  pi.  17. 1.  f.  10.  Australia,  Ame- 
rica, Falaise. 

3ir 
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S.  tnmeata  (Rab.).  —Minute,  oblong- 
lanceolate,  with  veiy  obtuse  apicee; 
gtauros  linear;  striffi  distinct,  oblique, 
14  or  15  in  1-1200".  szStaurtmtera  <nm- 
eata,  RabD.  p.  49,  pL  9.  t  12.    Bosnia. 

S.  acrocephala  (Rab.).  —  Broadly  lan- 
ceolate; turgid  at  the  middle,  rapidly 
tapering  to  the  acute  apices;  stauroe 
dilated  outwards,  reaching^the  margin ; 
striae  punctate,  parallel  JElab  D.  p.  48, 
pi.  9.  f.  19.    Saxony. 

S.  acuta  (S.).  —  Elongated  slender- 
lanceolate  or  rhomboid,  ti^erin^  to  the 
subacute  apices;  stauroe  con^icuously 
dilated  outwards,  reaching  the  margin ; 
striae  obHque,  80  in  -001".  SD.  i.  p.  59, 
pi.  19.  t  187.    Britain,    (vn.  76.) 

S.  puicheUa  (S.).  —  Lanceolate,  or 
linear-lanoeolate ;  stauros  conspicuously 
dilated  outwards,  reaching  the  margin ; 
strice  oblique,  yery  distinct,  punctate, 
80  in  OOl".  SD.  1  p.  61,  pi.  19. 1  194 
Marine.  Britain,  (vn.  77.).  Front 
Tiew  broad,  linear-oblcmg,  wim  rounded 
angles  and  constricted  centre. 

S.  atpera  (E.,  K.  WTuijgid,  lanceo- 
late or  linear^lanceolate,  with  subacute 
apices ;  striae  oblique,  punctate-asperate ; 
stauros  abbreviated,  dilated  outwards. 
KB  p.  106.^ Stawrfmtera  atpera,  EA. 
p.  184,  pi.  1.  1.  f:  12 ;  BC.  vii.  pi.  1.  f.  18. 
America,  Europe.  Eront  view  linear, 
with  truncate  ends.  , 

2t  Valves  oval  or  oblong. 

S.  Fenestra  (E.). — Small,  elliptic-ob- 
long, with  parallel  marginal  lines,  and 
obtuse,  cuneate  apices.  EA.  pL  2.  1. 
f.  20.    America,  Japan. 

S.  Peckii  (Rab.).— Small,  oval,  with 
rounded  ends ;  costae  stout,  11  or  12  in 
1-1200";  stauros  linear,  reaching  the 
margin,  s  Stauroptera  Peckii,  Rab  D. 
p.  ^,  pi.  9.  f.  18.    Lusatia. 

S.  polygramma  (E.). — EUiptic-oblong, 
with  rounded  ends  and  longitudinal 
dotted  lines ;  stauros  abbreviated.  EA. 
p.  185,  pi.  2.  6.  f.  30.    Cuba. 

S.  semicrtteitda  (E.). — ^Very  lai^,  re- 
sembling Navicula  viridis,  but  having  the 
crucial  umbilicus  of  Stauroneis.ssS{ati- 
roptera  semier^ieiata,  EB.  1848,  p.  45. 
Asia. 

8t  Valves  linear. 

S.  dendrobaies  (E.).  —  Narrow-linear, 
with  obtuse  ends,  and  a  densely  ana 
obliquely  striated  border;  firont  view 
oblong-quadrate.  =  Stauroptera  dendro- 
hatesyl^.  Under  moss  on  trees.  America. 
1-490". 

S.  Horainue  b=  Stauroptera  RoraifMB, 


EM.  pi.  34  5a.  f.  9.  Linear,  with  ca- 
neate  ends,  a  transverse  median  line,  and 
parallel  striae. 

S.  oUonga  (Bail.). — ^Linear,  with  acate, 
cuneate  ends,  and  oblique  punctato-a*- 
perate  striae;  stauros  abbreviated,  dilated 
outwards,  s  Stauroptera  oUonga,  BC.  m 
p.  10,  pL  1.  £  17.  Arnica.  The  siae 
and  markinjgs  of  Stauroptera  atferoj 
E.,  but  havmg  its  valves  oblong,  wilh 
parallel  sides,  and  acute  angpilar  ends, 
Bailey. 

S.  Jtostauron  (R,  EL).  —  Elongated, 
linear,  with  broadly  rounded,  slighllj 
attenuated  ends ;  stauros  linear,  leaSuDg 
the  margin ;  striae  paralleL  KB  pi  106. 
ssStaunptera  laoiauron^  EA.  p.  135; 
EM.  pL  16.  1. 1  7.  Labrador,  Sweden, 
Finland,    (xn.  78.) 

S.  lAostmtron  (R). — Stylifbrm,  linear^ 
oblong,  with  scanty  attenuated,  rounded 
^ioes;  stauros  linear.  EA.  p.  135; 
EM.  pL  5.  1.  f.  16.    Iceland. 

Doubtful  Sjtecies, 

&P  expUeata  (Pertv). —  Small,  not 
striated,  with  rounded  ends,  and  mndi 
inflated  centre  (cruciform) ;  enlaise- 
ments  acute.  Perty  In£  ^  205,  pL  17. 
f.  10.  Alps.  About  the  sue  of  &  vat- 
tricosum,  K.,  but  still  more  inflated  at 
the  middle,  and  the  inflations  pointed, 
not  rounded,  Vestv.  The  figore  has  no 
median  line  or  other  marldi^s,  uid  re- 
sembles a  Biblarium  rather  tl^  a  Stao- 
roneis. 

8.  mesogongyla  (R).  —  Lateral  Tiew 
linear,  wim  rounded  ends  and  gibbons 
centre;  transverse  strias  parallel,  inter- 
rupted by  a  transv^ve  central  band. 
Probably  a  Navicula,  since  the  figure 
shows  a  small,  definite  central  nodule. 
EM.  pL  6.  1.  £  7.  Guiana.  FoaaO,  San 
Fioro. 

S.  gMa  (E.,  K.).— Form  of  Xaciada 
gibba,  but  fumiahed  with  an  impeifeet 
transverse  fascia.  KB.  p.  107,  pL  S^ 
f.  24.  s  Staurcptera?  otbboy  EA.  p.  135, 
pL  L  2.  £  8.  America,  Africa.  The 
figure  repres^its  a  Navicula  with  the 
striaa  shorter  opposite  the  dilated  nm* 
bilical  space. 

S.  paudeoetata  (fiab.\ — Small,  linear, 
with  mflated  centre,  ana  dilated,  rounded 
apices ;  coatao  distant,  4  or  6  in  l-l^OCT, 
much  inclined.  »  Stauroptera  ptmti- 
oostata,  Rab  D.  p.  49,  pL  9.  £  15.  En- 
rope.  The  figura  ^ows  a  ilioaiboid 
umbilical  space  resembling  the  dilated 
nodule  seen  in  many  Naviculao,  bnt  aoi 
a  true  stauros. 

S.    maeulata    (BaiL).  — •  OTal,    with 
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slightly  produced,  mammifonn  apioee; 
surface  punctato-striate,  with  a  large 
smooth  central  space.  BMO.  p.  40, 
pL  2.  £  32.  Florida.  Resembles  & 
punctata,  K,  hut  is  larger,  and  has  the 
ends  not  so  much  produced.  The  figure 
shows  a  dilated  umbilical  space  nSker 
than  a  true  stauros. 

S.  scaiaria  (R,  K.).— Small,  lineaiv 
oblong,  with  rounded  ends  |  costce  stout, 
paralld,  12  in  1-1200",  not  reaching  the 
median  line.  KB.  p.  106^:=Stauropt€ra 
scalarisy  EA.  pL  4.  2.  fl  3.  Labrador. 
(xxL  10, 14,  30.)  Scarcely  belonging  to 
thisffenus,  since  £hr«[iberg^s  figures  show 
a  definite  central  nodule.  It  mfiers  from 
Navic%da  horedHs  bj  its  coarser  costee  and 
their  interruption  opposite  the  median 
nodule. 

S.  amphioxys^Stauroptera  amphioxys, 
EM.  pL  6.  1.  i  14.  Fossil.  Santa  Fiore. 
Ehrenberg's  fiffure  represents  an  elon- 
gated, narrow-Linceolate  Navicula,  with 
acute  Ibices,  and  a  minute  central  nodule 


which  is  not  dilated  into  a  stauros  ^  strisB 
radiant. 

S.  peregrina  =«  Stauroptera  peregrina, 
EM.pl.6.  l.f.  16.  FossS.  Santa  Fiore. 
Ehrenberg's  figure  represents  a  small, 
lanceolate  Nayicula,  with  a  minute 
central  nodule,  but  no  stauros;  striss 
radiant. 

S.P  avaUs  (Greg.). — Small,  smooth, 
oval ;  stauros  broad,  indistinct  reachmff 
the  margin.  MJ.  iv.  p.  11,  pi  1.  f.  8^. 
Britain.    Perhaps  a  Cocconeis. 


I      Specieifrom  Ekrenberg  known  to  us 
I  onlg  hy  name. 

I  8,punUa,  8,  tpluBrophoromf  8,  Indiea, 
'  8,  Plaeentula,  8,  Moloaramma,  8,  ffthbosa, 
I  8.  .^thiopica,  8.  Amphisbanay  8,  (hpensts, 
I  8,  Galapagica,  8.  decurrens,  8.  hrevirostris, 
j  8tauroptera  nobilis,  Stauroptera  leptoce^ 
'phala,  Stauroptera  Distatiridmm,  8tau^ 
I  roptera  BrasmenstBy  Stauroptera  Tdbel^ 
\  laria,  8,  aaperuloy  Stauroptera  SiamensUy 
j  Stauroptera  trinodis. 


Genus  STATJROGBAMMA  (Bab.). — like  Stauroneis,  but  with  decussating 
strke,  and  prominent  knots  at  the  intersections,  Rab. 

Staukoobambca  Persicum  (Rab.). — 
Oblong-lanceolate,  with  truncate  apices ; 
stauros  linear,  reaching   the    margin; 


median  line  dilated  towards  the  ends. 
RabD.  p.  50.  s  Stauroptera  decusaata, 
Rab  D.  pi.  9. 1 14.    Persia,    (vm.  36.) 


Genus  PROROSTAUROS  (E.).  —  Frustules  simple,  free;  with  the  cha- 
racters of  Stauroneis,  except  that  its  terminal  pnncta  in  the  front  view  are 
approximate  and  not  lateral.  We  doubt  whether  this  genus  can  be  separated 
fnnn  Stauroneis ;  for,  if  we  understand  Ehrenbeig's  definition,  the  apparent 
poeition  of  the  terminal  pnncta  depends  upon  the  greater  convexity  of  the 
lateral  yalves,  which  therefore  appear,  in  the  front  view,  like  a  border  on 
each  side  of  the  connecting  zone,  and  the  puncta  are  within  the  angles.  The 
species  are  unknown  to  us.     EB.  1843,  p.  136. 

Pbobostaubos  ip/£m20fw(E.). — River 


Senegal. 


P.  P  »M&M/a<t«P  (E.).— Senegal,  Cape  of 
Good  Hope.  At  firot  sight  it  reminds 
one  of  Oomphonema  gracue,  E. 


Genus  PLEUR08IPH0NIA  (E.). — The  characters  of  this  genus  are 
unknown  to  us ;  but,  from  Ehrenberg*s  figure  of  P.  ajffints,  we  think  it  is 
probablj  identical  with  Mastogloia. 


Plsxtbosiphonia  qffim$  (E.).  —  Ob- 
long-lanceolate, with  capitate  ends,  me- 
dian line  and  nodules,  and  a  marginal 
buid  of  transverse  striae.  EB.  1866, 
p.  82.  =s  FragOaria  Navicuia,  E.  1841  j 
EM.  83. 1.  f.  14.    Arabia,  Afirica,  Peru. 


Species  known  ovdy  hy  name, 
P.  Amphishoma  (E.).  Arabia,  Afirica, 
Peru,  Mexico  5  P.  fuiva  (EX  Arabia, 
Africa ;  P.  Phoemcenteron  (E.),  Arabia, 
Africa ;  P.  Lihyca  (R),  Afirica ;  P.  obtusa 
(E.),  Aficica;  P.  gradUs  (K)  Africa. 


Genus  PLEUROSIGMA  (Smith)  (Gyrosigma,  HassaU,  Babenhorst,  <fec.). 
— Frustules  simple,  free,  elongated ;  front  view  linear  or  lanceolate,  narrower 
than  the  lateral  view ;  valves  depressed  or  slightly  convex,  sigmoid  (rarely 
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straight),  with  a  sigmoid  median  line,  central  and  terminal  nodnles,  and  fine 
decussating  stri£B,  which  are  resolvable  into  dots.  Pleurosigma  is  distinguished 
from  Donkinia  and  Amphiprora  by  the  elongated-narrow  front  view  and 
more  depressed  valves.  The  median  line,  also,  is  sigmoid,  whilst  in  those 
genera  it  is  usually  straight,  or  appears  sigmoid  merely  from  the  twisting  of 
the  frustule.  This  genus  was  first  separated  by  Dr.  Hassall  from  Naviink, 
under  the  name  of  Gyrosigma.  Hassall,  however,  like  Ehrenberg,  erroiieoQalj 
considered  it  identical  with  the  Sigmatella  of  Eiitzing,  whereas  they  bekiog 
to  very  distinct  families ;  and  even  their  sigmoid  forms  belong  to  diffocnt 
surfaces,  Sigmatella  having  it  in  the  front,  and  this  genus  in  the  lateral  view. 
Gyrosigma  has  been  adopted  by  Eabenhorst  and  othirs ;  nor  do  we  think  &e 
name  so  objectionable  as  to  render  its  rejection  necessary.  K,  then,  we  admit 
Professor  Smith's  name,  we  do  so  for  the  reasons  given  by  Brebisaon : — 
**  Gyrosigma  (Hass.). — FeutStre  ce  dernier  nom  de  genre  n'etait-il  pas  bien 
convenable  selon  les  lois  de  la  nomenclature ;  dans  tons  les  cas,  il  est  oertadn 
que,  malgr^  son  droit  de  priority,  il  est  &  peu  pr^  g^dralement  abandomie. 
D'ailleurs,  on  est  d'autant  moins  dispose  k  reprocher  ce  changement  de  nom 
k  M.  W.  Smith,  que  le  soin  tout  monographique  qu'il  a  apporte  k  I'^tode  des 
nombreuses  esp^ces  de  Pleurosigma  qu'il  a  d^uvertes,  en  fait  un  genre  tout 
k  lui  "  (£r^  DC.  p.  17).  Ehrenberg  does  not  admit  Pleurosigma,  because  it 
''  does  not  differ  in  its  physiological  characters  from  Navicula  "  (£B.  1854, 
p.  236). 

•  IhuHiki  rogtraU,  2  f  Beaks  short,  stout. 


t  Beaks  filiform. 

Pleubosigma  ^a9c»b^  (E.,  S.). — Tur- 
gid-lanceolate, with  long  linear  beaks 
abruptly  curved  in  contrary  directions ; 
striiB  64  in  OOl",  mdiBtinct.  SD.  i.  p.  67, 

B.  21.  f.  211,^ Ceratoneis  Fascioii,  £. 
arine.  Europe,  (xn.  60,61.)  Colour  of 
dry  valve  pale-pink.  1-430".  Mr.  Sollitt 
states  this  Diatom  near  Hull  is  very 
small,  the  markings  00  in  *001"^  while 
those  from  Boston  in  Lincolnshire  are 
large,  with  onlv  60  striae  in  -001". 

P.  macrum  (S.). — ^Elongated  slender- 
lanceolate,  with  very  long  filiform  beaks 
curved  in  contrarv  directions ;  transverse 
striae  86  in  •OOl'^,  very  indistinct.  SD. 
i.  p.  67,  pL  31.  t  276.  Brackish  water. 
England. 

P.  prolongatum  (S.).  —  Narrow-lance- 
olate, gradually  tapering  into  slender 
beaks  curved  in  contrair  directions; 
transverse  striae  66  in  <X)1",  indistinct. 
SD.  i.  p.  67,  pL  21.  f.  212.  Marine. 
England. 

F.  arcwxium  (Donkin).  —  Turgid-lan- 
ceolate, straight  with  long,  verv  slender, 
strongly  arcuate  beaks  curved,  in  con- 
trary directions ;  striae  obscure  j  median 
line  straight,  central.  TM.  vi.  p.  26, 
pi.  3.  £  10.  Marine.  England.  Closely 
allied  to  P.  macrum,  but  distinguished 
from  it  by  the  long,  strongly  arcuate 
beaks.  Dry  valves  very  pale-brown. 
(Donkin.) 


P.  distortum  (S.). — Stout,  turgid-lan- 
ceolate, produced  into  short,  broad,  ob- 
tuse, subrostrate  extremities,  which  are 
abruptly  bent  in  contrary  diredioiii; 
transverse  striae  obscure,  76  in  ■OOF; 
median  line  central.  SD.  i.  p.  67,  pL  30l 
f.  210.  Marine.  England.  Small;  ooloiir 
pale  pink.     1-820". 

P.  .^Sgtuarn  (Br^.,  S.).  —  Broadly 
lanceolate,  rapidly  tapering  into  enb- 
rostrate,  obtuse  ends;  mo(&an  line  di- 
agonal, submarnnal  near  the  ends;  stritt 
oblique,  64  in  -Sol" :  colour  pale  purple. 
SD.  i.  p.  66,  pi.  8L  fl  275.  =  Afe- 
cida  JEstuaru,  KA.  p.  890;  Gyrongmm 
JEstuaridf  ]^^  Marine.  Europe. 
Rather  small:  1-290".  Habit  of  F. 
ITmrinfficumy  out  smaller,  paler,  and 
without  the  marginal  notch,  Kiitz. 

P.  Uttorale  (S.).  •—  Turgid-lanceolate, 
rapidly  attenuated  into  the  curved,  sub- 
rostrate, somewhat  acute  ends ;  loi^ta- 
dinal  striae  conspicuous,  24  in  -001'', 
transverse  60  in  <X)1";  colour  pur- 
plish. SD.  L  p.  67jpl.  22.  f.  214 
Marine.  Europe.  l-20Gr ;  median  H^ 
subcentraL 

2«  Takes  giblnna  atihe  middle, 

P.  Smensis  (E,\  —  Large,  elongAted, 
broadly  linear,  nexuoee,  sismoid,  with 
gibbous  centre  and  broadfy  rouxided, 
somewhat  incrassated  ends,  which  are 
curved  in  contrary  directions. =AVr»ridfl 
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iS£pMMw,  ER 1847,  p.  484 ;  £M.  pL  84  7. 
£.  11.    China.    1-80". 

P.  refDermun  (Greg.).  —  Elongated 
narrow-linear,  with  inflated  or  lanceolate 
centre,  and  dilated  ends  which  are  turned 
in  contrary  directions ;  median  line  sig- 
znoid,  subcentral  except  near  the  ends ; 
strias  extremely  fine.  GDC.  p.  68,  pL  6. 
£.  105.  Marine.  Scotland.  This  form 
xnaj  be  identical  with  P.  Sinensis;  but 
the  Talves  are  narrower  and  with  less- 
ronnded  apices  than  in  Ehrenberg's 
figure  of  that  species. 

d«  Valves  linear. 

P.  BaUicum  (E.,  S.).— Large,  broadly 
linear,  straight,  except  towards  the 
attenuated  obtuse  ends,  which  are  curved 
in  contrary  directions ;  lonintudinal  and 
transrerse  striae,  88  in  -OOl";  colour 
dark  brown.  SD.  i.  p.  66,  pL  22,  t  207. 
^Namada  BatticOy  Einf.  ^L  13.  t  10; 
Cryrosigma  Bakicumj  Rab  D.  p.  47^  pi.  5. 
f.  6p  P.  makron,  Johnston,  MJ.  yiiL 
Marme  or  braddsh  waters.  Common, 
(vm.  88;  ix.  144)  1-70".  Median 
Une  flexuose,  subcentraL 

P.  obscurum  (S.). — Small,  linear,  with 
attenuated,  rather  obtuse  ends ;  median 
line  very  flexuose,  not  central ;  strisd  ob- 
lique^ 76  in  OOl".  SD.  L  p.  66,  pL  20. 
f  .  206.  Marine  or  brackish  waters.  Britain. 
Var.  /3  smaller.  1-103" ;  colour  pale  pink ; 
median  line  marginal  near  the  ends. 

P.  simum  (E.).  —  Small,  linear,  with 
the  ends  obliquely  rounded  on  opposite 
sides ;  median  line  sigmoid,  nearly  cen- 
trsLssNavicula  stmOyKB,  1846,  p.  363; 
EM.  pL  34,  7.  f.  9.    India.    1-4*)". 

P.  Sca^telUtm  (K.).  —  Small,  linear, 
slightly  sigmoid,  gradually  attenuated 
into  the  obtuse  apices ;  meoian  line  sub- 
central.  = Navicuta  Sccdpelktm,  EA.  p.  86 ; 
KB.  pi. 30.  f.  13;  Gyrosigma ScalpeOumy 
Rab  D.  p.  47,  pL  6.  f.  10.  Tnnidad, 
Persia. 

P.  Sciotoensis  (Sullivant).  —  Linear, 
moderately  sigmoid,  gradiudly  attenu- 
ated into  the  rather  obtuse  ends ;  strisB 
transrerse  and  longitudinal,  40  in  •QOl". 
SiUiman's  J.  xxvii.  p.  261.  Fresh  water. 
United  States.  -001".  "Not  unlike  P. 
SpencerHf  for  which  it  has  passed  as  a 
variety ;  but  it  is  a  larger  species,  with 
sides  more  parallel  and  ends  less  acute. 
Its  striation  at  once  distinguishes  if 
(SulL). 

4  *   Voices  lanceolate  or  Unear^lanceolate, 
t  Valves  linear-lanceolate. 
P.  Wansbeckii  (Donkin). — Linear-lan- 


ceolate, with  taperiitt^,  subacute,  slightly 
sigmoid  ends;  median  lines  sigmoid^ 
not  central ;  longitudinal  and  transverse 
8tri»,  about  60  in  -001".  Donkm,  TM. 
vL  p.  24,  pL  a  1 7.=P.  BaUicumy  ft  SD. 
Marine.  England.  Pale  straw-coloured. 
•0046"  to  -006".  Much  smaUer  than  P. 
Baltieumf  and  with  more  numerous  strife. 

P.  lan^nycanmwn  (E.).  —  Slender, 
narrowly  linear-lanceolate,  tapering  to 
the  rather  obtuse  apices ;  sigmoid,  with 
fine  transverse  striae;  median  line  cen- 
tral; front  view  hneBJ.^Navicula  latn^ 
procanma,  EB.  1840,  p.  20 ;  KB.  p.  102, 
]^.  4.  £  6  ;  Gvrosiama  lanwrocampttm^ 
Kab  D.  p.  47,  pi.  6. 1 9.  Marme.  Europe, 
1-144". 

P.  curmlum  (R). — Linear-lanceolate, 
with  rather  obtuse  apices.  -  sigmoid,  ss 
Navicula  cunmla,  E  Inf.  pi.  13.  t  14 ; 
Gyrosiama  cunmlumf  Rab  D.  p.  47,  pL  6. 
f.  8.     Europe,  America. 

P.  speciosum  (S. ). — Linear-lanceolate, 
flexed  chiefly  at  the  somewhat  abrupt, 
obtuse  ends ;  median  line  submarginal 
near  the  ends ;  striae  oblique,  44  in  -001" ; 
SD.  L  p.  63,  pi.  90.  f.  197.  England. 
Pale  straw-colour.  1-86".  It  is  shorter, 
less  tapering,  and  has  more  rounded 
apices  than  P.  formosmn ;  the  median 
Ime  also  is  not  diagonal  at  the  centre. 

F,  fonnosum  (S.). — Large,  elongated, 
linear-lanceolate,  much  flexed,  gradually 
tapering  to  the  obtuse  apices;  median 
line  diagonal ;  striae  oblique,  36  in  -001". 
SD.  L  p.  63,  dL  20.  f.  196.  Marine.  Eng- 
land. (vin.32.)  Colour  chestnut-brown. 
1-66".  Well  distinguished  by  the  po- 
sition of  its  median  line,  which,  owmg 
to  a  twist  in  the  valves,  appears  to  coin- 
cide with  the  edges  for  a  considerable 
distance  at  either  end,  and  then  crosses 
in  a  diagonal  direction. 

P.  Zonffinutn  (Bri.).  —  Lanceolate, 
flexure  moderate,  extremities  greatly 
elongated,  acute;  median  line  central; 
striae  transverse,  36  in  OOl".  -020"  to 
•026".  Colour  pale  straw.  TM.  vii. 
p.  180,  pi.  9.  f.  7.    Arctic  regions. 

P  sinuosum  (E.).  —  SmiQl,  striated, 
linear-lanceolate;  striae  16  in  1-1200^'. 
1-480".  =  Navicula  sinuosa.  EB.  1840, 
p.  21.  Marine.  Europe.  Has  the  flgure 
of  P.  simum,  but  is  more  slender. 

P.  subtile  (Br^b.), — ^Veiy  slender,  pel- 
lucid and  delicate ;  slightly  sigmoid,  very 
narrow  linear-limceolate,  subuliformwith 
rather  obtuse  apices,  s  Navicula  subtilis, 
KA.  p.  87.  Marine.  France.  1-160" 
to  1-120". 

P.  temtissimum  (S.).  —  Very  narrow 
linear-lanceolate,  gradually  tapering  to  a 
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fine  point;  transyerse  stnm  48  in  KX)!" ; 
medi&i  line  centraL  SD.  i^.  67,  pL  22. 
t  213.    Brackish  water.    Essex. 

P.  ApuUtm  (Rab.). — Slender-lanceo- 
late, much  curved,  with  obtuse  ends, 
transyersely  striated;  front  view  broadly 
linear.  Rab  D.  p.  47,  pi.  6.  t  7.  Italy. 
In  the  figpures  the  valves  are  linear,  yety 
but  not  symmetrically  sigmoid,  with 
tapering  ends  and  central  median  line. 

2 1  Valves  lanceolate,  with  oblique  stri». 

P.  deHcatuhtm  (S.).  —  Slender-lance- 
olate, gradually  tapering  to  the  acute 
apices;  flexure  moderate;  median  line 
central ;  stris  oblique,  64  in  <X)1".  SD. 
i.  p.  64,  pi.  21.  f.  202.  Brackish  water. 
Bntain.  Length  1-112";  breadth 
1-15W.    Colour  pale  pink. 

P.  inflatum  (Shadbolt).  —  Small, 
broadly-lanceolate,  with  acute  apices: 
median  line  central,  much  flexed,  as  well 
as  the  valve;  strias  oblique.  TM.  ii. 
p.  16,  pi.  1.  f.  9.    Marine.    Natal. 

P.  ckcorum  (S.).  —  ^^^'^f^y  elongated, 
rhomboid-lanceolate,  uniiormly  flexed, 
gradually  tapering  to  the  subacute  apices ; 
striae  oblique,  96  in  '001" ;  median  line 
diagonal,  marginal  near  the  ends.  SD.  L 

L63,  nL  21.  f.  19a  Brackish  water, 
gland.    Colour  pale  chestnut 

P.  an^uiatum  (Quekett,  S.).  —  Large, 
broad,  sigmoid,  rhomboid-lanceolate, 
rapidly  tapering  to  the  subacute  apices ; 
median  bne  somewhat  diagonal;  striie 
oblique,  62  in  001".  SD.  i.  p.  66,  pi.  21. 
f.  206.  s  Nacictda  anffulata,  Quekett, 
Microsc.  p.  488,  pi.  8.  £  4  to  7.  Marine. 
Britain.  Colour  pale  chestnut ;  flexure 
moderate. 

P.  qtsadraium  (SX  —  Large,  very 
broad  rhomboid,  rapimy  tapering  to  the 
subacute  apices,  which  are  sughtlv flexed; 
strias  oblique,  46  in  -001" ;  meoian  line 
central.  6D.  i.  p.  66,  pL  20.  f.  204.:=i>. 
anfftUaium,  ANH.  2na  series,  ix.  p.  7. 
Marine.  Europe.  Colour  chestnut; 
length  1-110" ;  teeadth  1-428".  Eaaily 
recognized  by  its  Tervbroad  angular  form. 

P.  lanceoiahtm  (Donkin).  —  Straight, 
broadly  lanceolate,  acute ;  median  line 
straight  or  gently  sigmoid,  wiHi  tiie  ter- 
minal nodules  turned  in  contrary  direc- 
tions ;  strias  very  fine,  oblique,  about  70 
in  -001".  TM.  vi.  p.  22,  dL  8.  f.  4.= P. 
transversalef  /3,  Mr.  Koper.  marine.  Eng- 
land. Straw-coloured;  -0056"  to  -OOT ; 
front  view  narrow  linear-lanceolate. 
The  extremely  fine  striaa  require  the 
most  careful  manipulation  with  very 
oblique  light,  to  rencter  them  visible  with 
a  superior  l-5th  objective. 


P.  tuwietdaeeum  (BrA.).  —  Rather 
small^  lanceolate,  strai^^  gnidaaUy 
tapenng  to  the  obtuse  afnoee,  which  are 
ahghtly  turned  in  contrary  directicos; 
median  line  sigmoid,  not  central ;  etnm 
veiT^fine,  oblique.  K  Diat  of  Cherbooig, 
18M,  p.  17,  t  7,^Chfnmgma  traMnr- 
sale,  Mjcrog.  Diet  pL  11.  £.  37, 38;  P. 
transversdUy  SD.  iL  p.  00.  Marina. 
Common,  especially  in  de^  watera.  This 
species,  viewed  laterally,  greatly  resem- 
bles a  Navicula  in  its  lanceolate  stniiEht 
form.  Its  apices  are  only  slightly  in- 
clined to  opposite  sidee.  The  median 
line,  however,  is  sigmoid,  and  the  stria 
are  oblique  and  decussating. 

P.  marinum  (Donkin). —  Broadlv  lan- 
ceolate, straight,  slightly  sigiiioid[  near 
the  obtuse  ends ;  median  line  sogmoidcHi 
each  side  of  the  central  nodule;  stria 
oblique.  TM.  vi.p.  22,pL  3.  £  a  Marine. 
Northumberland.  Straw-coloured ;  striie 
about  46  to  60  in -OOr.  -0056"  to  006". 
The  well-marked  sigmoid  flexure  of  Ihe 
median  line  on  both  sides  of  tJie  oenlial 
nodule  distinguishes  this  species^  and 
renders  it  easy  of  recognition. 

P.  Nubecuia  (S.).--Small,  lanceoliie, 
nearly  straight,  with  obtuse  apices,  an- 
tral median  line,  and  66  obliaue  stris  m 
<X)1";  colour  very  pale.  SD.  i  p.64> 
pL  21.  f.  20L    Marine.     England. 

P.  wUarmedimi  (S.).~Elongated,  pak 
straw-colour,  slender  lanceolate,  ncMxfy 
strai^t,  tapering  to  the  subacute  apicee  \ 
median  line  subcentral;  striae  oblique, 
66  in -001".  SD.  L  p.  64^  ]^  21.  £  30a 
Marine.    England. 

P.  rigidum  (S.).  — Laige,  stout,  jwle 
straw-^our,  lanceolate,  neady  straight, 
with  rounded  apices;  median  line  cen- 
tral; striae  oblique,  48  in  -001".  SD. 
i.  p.  64^  pi.  20.  f  198.  Marine.  England 

P.  vcd^dum  (Sh.). — ^Laige ;  lancMSte, 
nearly  straight,  with  very  obtuse  apices^ 
oblique  striae,  and  slightly  flexed  n^disB 
line.  MT.  ii.  p.  16,  pL  L  1  a  Marine. 
NataL 

P.  eUmgatmm  (S.).  —  Laige^  nrocb 
elongated,  lanceolate,  gradually  tapering 
to  the  acute  apices,  nearly  stzaigfat,  ex- 
cept at  the  ends,  whicH  are  sl^^ 
curved;  striae  oblique,  48  in  wl"; 
median  Hne  nearly  strai^t.  SD.  L  p.  64^ 
pi.  20.  i.  199.  Marine.  England.  Clear 
straw-colour.  Length  1-76";  breadth 
1-920". 

P.  strwoswn  (S.).  —  ^^c^^}?^  elongated, 
broadly  knceolate,  graduaUy  attenuated 
to  the  obtuse  apices ;  flexure  slight :  me- 
dian line  not  central  near  Uie  ends; 
striae  oblique,  44  in  -001".     SD.  L  p  61, 
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pL21.  £203.  Marine.  Britain.  l-W; 
ooloiir  pale  straw;  firont  Tiew  narrow 
linear-lanceolate^  with  obtnae  apices. 

3  1*  Valves  lanceolate,  with  longitudinal 
and  transverse  8tri». 

P.  obtusatum  (SoUirantV  ---  Oblcmg- 
lanceolate,  slightly  si^oid,  with  obtuse 
apicee;  -0085";  atnse  transverse  and 
lon^tudinal,  56  in  OOl".  Silliman's  J. 
xxvii.  p.  251.  Fresh  water.  United 
States.  A  very  small  species^  remark- 
able for  the  obtuse  ends.  It  may  be  a 
Colletonema,  but  wie  have  not  observed 
it  in  gelatinous  envelopes. 

P.  Spenoeri  (Quekett,  SX  —  Small, 
lanceolate,  moderately  flexeo,  gradually 
tapering  to  the  obtuse  apices;  median 
line  central ;  striae  very  mie,  transverse 
60  in  OOl",  longitudinal  55  in  -001". 
SD.  L  p.  68,  pi.  22.  I  21S,^N(mcula 
&fencert,Q}iekett  Fresh  water.  America, 
£urope.     Colour  pale  brown.     1-270". 

P.  Parkeri  (Harrison).  —  Lanceolate, 
considerably  flexed,  apices  produced, 
median  line  central;  striffi  transverse, 
55  to  60  in  <X)1";  longitudinal  strice 
faint ;  colour  pale  yellow.  Lincoln- 
shire.   MJ.  viii.  p.  105. 

P.  Wormleyti  (SuUivantj).  —  Lance- 
olate, conspicuously  sigmoid,  suddenly 
attenuated  into  acute  apices;  <X)3"; 
strise,  longitudinal  and  transverse,  52  in 
<X)1".  Sifliman's  J.  xxvii.  p.  251.  Fresh 
water.  United  States.  Kesembles  P. 
S^^enceriy  but  is  a  smaller  species,  more 
evidently  sigmoid,  and  with  rather  ab- 
ruptly attenuated  ends;  its  strips  are 
more  difficult  to  resolve,  and  the  texture 
of  its  valves  is  thinner. 

P.  lacitstre  (S.). — Lanceolate,  consider- 
ably flexed,  gradually  tapering  into  the 
obtuse  apices;  longitudmal  and  trans- 
verse stnie,  48  in  <X)1";  median  line 
BubcentraL  SD.  i  p.  68,  pL  21.  £  217. 
Freah  water.    Enrfand.     1-144". 

P.  I^wnw^irwm  (fc.).— Lanceolate,  sig- 
moid, gradually  attenuated  to  the  sub- 
acute apices,  obsoletely  notched  at  the 
middle  of  each  margm;  median  line 
central;  strias  wanting  or  indistinct  a 
Novieula  Thwingica^  KB.  p.  102,  pL  4 
£  27 ;  Gyrosigma  I7nirwff%cum,  Rab  D. 
p.  47,  pL  5.  £  4.  Thuringia.  Front 
view  nan-ow-linear ;  1-264"  to  1-168". 

P.  AgeUus  (E.).  —  Large,  lanceolate, 
flexed,  gradually  tapjerinjj  to  the  obtuse 
apices,  marked  longitudmally  with  very 
fine  lines,  and  thus  appearing  furrowed ; 
median  Une  central.  ssiVarto^  Ag^lus, 
ER  1840,  p.  18;  EM.  pL  15  a.  £  81 ; 
Of/rosigma  Agdkts,  Rab  D.-p.  47.    Fresh 


water.  Germany,  Lough  Moume  deposit, 
Siberia.  Front  view  nearly  linear,  with 
subacute  apices ;  180".  Is  more  slender 
and  longer  than  P.  Hwpocanqms,  E. 

P.  attenuatum  (K.,8.). — Lirge,  elon- 
gated, flexed,  lanceolate,  gradually  at- 
tenuated into  the  obtuse  apices;  lon- 
gitudinal stride  80,  and  transverse  40  in 
<X)1" ;  median  line  central.  SD.  i.  p.  68, 
pL  22.  £  216,= Novieula  aUermata,  KR 
p.  102,  pL  4  £  28 ;  Qyrosigma  tUtemuUumy 
Kab  D.  p.  47.  Fresh  water.  Europe. 
1-120".  Colour  purplish  brown;  front 
view  narrow-lanceolate,  with  truncate 
ends. 

P.  eutpidatum  (Rab^.  —  Slender-lan- 
ceolate, very  much  flexed,  with  long, 
tapering,  obtuse  ends ;  median  line  cen- 
tral =  Oyrosigma  cuspukUum,  Rab  D. 
p.  47,  pi.  5.  £  5, 6.  Fresh  water.  Europe, 
America.  It  is  always  mixed  witii  P. 
acumifuiium. 

P.  acuminatum  (K.,  S.). — Lanceolate, 
tapering  into  the  obtuse  apices ;  flexure 
considerable ;  median  line  central ;  lon- 
gitudinal strias  40  in  *001".  transverse 
52  in  -001".  SD.  i.  p.  66,  pi.  21.  £  209. 
=  Navicula  acuminata^  ELB.  p.  102,  pi.  4. 
£  26 ;  Navicula  Sigma,  EB.  1843,  p.  209 ; 
Oyrosigma  Hasaallii,  Rab  D.  p.  47. 
Marine.  Europe,  Asia,  Africa,  America, 
(rx.  146.)  Front  view  narrow-linear, 
with  obtuse  apices ;  1-162" ;  colour 
pale  brown. 

P.  Hwpocanyma  (E.,  S.).  —  Large, 
elongated,  broadlv  lanceolate,  obtuse; 
flexure  considerable ;  colour  pale  brown; 
striae  as  in  P.  attenuatum ;  median  line 
central.  SD.  i.  p.  68,  pi.  22.  £  215.= 
Navicula  Hwpocampua,  E  In£  pi.  13.  £  9 ; 
Ggrosigma  MippoeampuSj  HBA.  pi.  102. 
£  11;  KabD.  p.  47.  Marine.  Europe. 
(IX.  145.)  1-166" ;  front  view  linear, 
truncate. 

P.  Strigilia  (S.).  —  Large,  much  elon- 
gated, lanceolate,  imiformly  tapering  to 
the  subacute  apices,  flexed;  median  line 
central;  striae,  transverse  and  longitu- 
dinal, 36  to  40  in  -001".  SD.  i  p.  66, 
pL  22.  £  208.  Brackish  water.  England. 
Length  1-80";  breadth  1-830" ;  colour 
pale  brown.  Notable  for  its  graceful 
form  and  distinct  striae. 

P.  ScaJprum  (GaiUon).  —  Small,  sig- 
moid, gradually  attenuated  into  the 
rather  obtuse  apices,  longitudinally 
striated.  =  OymbeUa  Scalprum,  AD.  p.  11 ; 
Navicula  Sealprum,  E.  In£ ;  ER  pi.  4. 
£  25.  Marine.  Europe,  Asia,  America. 
Length  1-430"  to  1-290". 

P.  NormanU  (n.  sp.).  —  Broadly  lan- 
ceolate, slightly  flexed,  with  rather  ob- 
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tote  ends,  and  a  sli^ffat^  teansrene  cen- 
tral depreadon ;  median  line  stout,  nearly 
central;  atiiie  obliqne,  40  in  001".  s 
P.  kmceoUUmmy  Norman,  M&  Marine. 
Europe.  Found  in  nearly  every  gather- 
ing m>m  deep  water,  and  in  stomachs 
of  Ascidiansy  Noctilucsd,  Pectens,  &c 
Colour  tawny  brown ;  •0048"  to  -0110" ; 
median  line  scarcely  flexed,  except  near 
the  ends.    The  description  is  by  George 


Norman,  Esq. 

P.  aeutuni  (Norman,  MSi)  —  ^^^"'fSh 
broadly  lanoeoiatey  elongated,  modentoly 
flexed,  gradually  tapenn|r  to  the  Teir 
acute  apices ;  median  line  delicate,  miH^ 
flexed,  not  central ;  8tri»  oblique,  50  in 
OOr'  Marine.  Stomachs  of  Aacadians, 
&c  Europe.  Very  pale  atraw-coloar  or 
nearly  hyaline ;  vil" ;  mp>dian  line 
flexed  throughout. 


Qennfl  TOXONIDEA  (Donkin).  —  Frostules  simple,  free;  lateral  valTca 
elongated  conyez,  with  the  sides  not  Bymmetrical ;  median  line  arcuate,  with 
centxal  and  terminal  nodulea,  its  ends  curved  towards  the  same  mai^in; 
striflB  oblique.  Marine.  Toxonidea  is  closely  allied  to  Pleorosigma  ;  indeed 
the  forms  placed  here  are  r^arded  by  Professor  Amott  as  distorted  species 
of  that  genus.  The  absence,  however,  of  a  sigmoid  flexure,  both  in  the  valves 
and  median  line,  is  so  different  from  what  we  find  in  Pleurosigma,  that  we 
think  it  advisable  to  admit  Toxonidea  until  Dr.  Donkin*s  views  are  di^troved 
by  more  perfect  observation. 


ToxoNiDBA  Qregcriana  (Donkin). — 
Large,  lanceolate,  with  the  obtuse  ends 
curved  upwards  j  median  line  concurrent 
with  the  lower  maigin  near  the  ends ; 
striad  fine,  oblique,  about  50  in  <X)1". 
TM. vL p.  19jPl. 3. f.  1.  Britain.  Straw- 
colourea;  •CKJB"  to  -OOO";  median  line 
curved  upwards  near  the  end,  and  "  re- 
sembling the  figure  of  an  unbent  Scy- 
thian bow^*'  dorsum  rather  more  con- 
vex than  the  venter, 

T.  insigim  (Donkin).  —  Arcuate  or 
semi-lunate,  with  produced,  subacute 
ends ;  median  line  not  central,  strongly 
arcuate ;  striae  very  fine,  about  76  or  80 
in  -001".  TM.  vi.  p.  21,  pL  a  £  2.  O048" 


to  O06"  5  "  valves  resembling  a  stimw- 
coloured  strung  bow  or  a  cocked  hat," 
with  very  convex  or  gibbous  dorsum  and 
straight  Venter.  Professor  Amott  le- 
rards  this  species  as  a  distorted  state  of 
^leurosiama  JEstuariL    Britain. 

T.  undulata  (Norman,  MS.). — Arcuate, 
with  three  slight  dorsal  undulations,  <^ 
tuse  somewhat  recurved  apices,  and  con- 
cave venter  ^bous  at  its  centre ;  8fii» 
oblique,  50  m  OOl".  From  Ascidians. 
Nortn  Sea,  Very  pale  straw-colour,  with 
pinkish  reflections ;  -0055'' ;  longitudinal 
suture  concurrent  with  the  ventral  mar- 
gin except  at  the  inflated  centre,    (vm. 


Genus  DONKINIA  (n.  g.).  —  Frustules  simple,  free ;  front  view  pandori- 
form,  as  broad  as  the  lateral  view ;  valves  oonvex,  keeled,  with  no^es  and 
decussating  striae  as  in  Pleurosigma.  Marine.  We  have  oonstitated  this 
genus  for  the  reception  of  some  Diatoms  possessing  characters  intermediate 
between  Pleurosigma  and  Amphiprora,  and  have  much  pleasure  in  dedicating 
it  to  Dr.  Donkin,  who,  amongst  his  many  interesting  discoveries,  first  directed 
attention  to  several  of  the  species  placed  in  it.  Dr.  Donkin  referred  the 
species  to  Pleurosigma  on  account  of  the  similarity  of  striation ;  but  they 
(Mer  from  that  genus  in  the  broad,  constricted  frt)nt  view ;  and  frt)m  these 
characters,  together  with  their  very  convex,  keeled  valves,  we  were  induced 
to  regard  them  as  more  nearly  allied  to  Amphiprora.  Indeed  there  is 
little  essential  difiFerence  between  keel,  crest,  and  wing,  these  being,  in  oar 
opinion,  merely  different  stages  of  development,  ifes  opinion  was  also 
adopted  by  Professor  Amott,  whose  critical  knowledge  of  genera  commands 
the  highest  deference.  The  species  placed  in  Donkmia  differ  from  Amphi- 
prora, not  only  in  their  decussating  striae  (a  character  sometimes  difficult  to 
verify,  and  of  rather  doubtful  generic  value),  but  also,  according  to  Dr. 
Donkin,  in  the  absence  of  lateral  wings  to  the  valves. 

DoNKmiA  cristata  (E»). — ^Nairow-lan-  I  central  nodule  transversely  oblonff ;  me- 
ceolate,  gradually  subulate  at  each  end  j  |  dian  line  sigmoid,  crested.  =  Nmiadu 
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eritiata,  EB.  1854,  p.  340;  EM.  pL  36 
BB.  4.  £  Id.    Atlantic. 

D.  incena  (E.). — Short,  narrow,  sig- 
moid, with  subacute  apices ;  front  yiew 
very  broad,  quadrangular,  constricted  at 
the  middle,  with  broadly  truncate  ends 
and  xnuvinal  glands. =iVariCM/a  itwer8(M, 
ER  1840,  p.  18.  Europe.  1-676".  "It 
ia  allied  to  AmpMprora  alata,  but  wants 
the  winf;ed  portions"  (E.J. 

D.  earmata  (DonMn). — Straight,  linear- 
lanceolate,  acute,  verr  convex ;  colour 
dull  purple;  median  line  strongly  sig- 
moid, marginal  near  each  end :  stnee 
oblique,  fine,  about  66  to  00  in  "OOl".  = 
I^eurofiama  carinatum,  Donkin,  I  d  p.  23, 
pL  8.  f.  6.  Enj:land.  -0046";  valve 
twisted ;  median  Ime  diagonal  at  the  cen- 
tre, maiginal  near  the  ends.   (ym.  49.) 

D.  eonwacta  (Grev.).  —  Straight,  very 
convex,  linear,  obtuse,  si^oid  from 
having  the  ends  sloped  m  contrary 
directions ;  median  line  much  flexed, 
diagonal  at  the  centre,  marginal  near 
the  ends ;  strise  very  fine,  63  to  60 
in  "001",  ssFleuroaigma  can^actunif  MJ. 
v.  p.  12,  ^.  3.  £  9 ;  Fieurostgma  rectum, 
Donkin,  TM.  vi.  p.  23,  pi.  8.  £  6j  Am- 
ja^aprora  Ralfm,  Amotl^  MJ.  vi.  p.  91. 
Britain.  -0046"  to  -006".  Accordmj^  to 
Br.  Donkin,  the  strisd  are  longitudmal 
and  transverse ;  colour  very  pale. 

D.   tmnuta  (Donkin).  —  Short,  very 


convex,  linear-oblong,  subacute,  sigmoid 
from  the  sloping  of  one  margin  near  each 
end  in  contrary  directions ;  median  line 
much  flexed ;  stri»  very  fine,  transverse 
ones  distinct,  about  66  in  -OOF,  longi- 
tudinal ones  obscure.  sJVeuroa^ma  mi- 
tmtum,  Donkin,  /.  c.  p.  24,  pL  3.  £  8. 
England. ,  0026" ;  colour,  very  pale 
brown.  2>.  minuta  seems  to  difler  m>m 
2>.  eompaeta^  to  which  Professor  Amott 
would  unite  it,  chiefly  in  its  smaller  size. 

D.  angwta  TDontin).  —  Very  con- 
vex, linear,  wim  acute^  slightly  apicu- 
lated  apices ;  median  Ime  strongly  sig- 
moid, marginal,  except  a  central  diagonal 
portion;  striae  obscure,  longitudinaL 3 
JHetarosigma  an^iM^m,- Donkin,  I  c.  p.  24, 
pL  3.  £  9.  Et^land.  O06"  to  •0066" ; 
colour  dull  purple.  Another  form  closely 
allied  to  D.  comvacta. 

D.  reUeidaia  (Norman,  MS.), — ^Linear- 
lanceolate,  witn  rather  obtuse  ibices; 
median  Ime  strongly  diagonal  at  the 
centre,  then  marginal  and  slightlypro- 
jecting;  striae  oblique,  distinct,  22  in 
•001".  Stomach  of  Ascidians,  Shark's 
Bay,  Australia.  Collected  by  Dr.  Mac- 
donald.  Colour  purplish  brown;  front 
view  oblong,  with  truncate  ends  and  con- 
stricted middle.  For  tiie  description  of 
this  species  we  are  indebted  to  George 
Norman,  Esq. 


Genus  AMPHIPROBA  (Ehr.)  (Entomoneis,  Ehr.), — ^Fmstulee  free,  simjple, 
in  front  view  constricted  at  the  middle ;  valves  convex,  with  a  longitudmal 
wing,  and  central  and  terminal  nodules ;  striae,  when  present,  transverse. 
Marine.  Amphiprora  is  distingnished  by  its  lateral  wings,  which  are  con- 
stricted at  the  middle,  so  that  the  frustule  in  front  view,  when  not  twisted 
(which,  however,  frequently  occurs),  is  more  or  less  panduriform,  with  trun- 
cate or  broadly-ronnded  ends.  The  late  Professor  Smith  stated  that  the 
peculiar  frnistules  of  this  genus  could  not  be  confounded  with  any  others, 
save  those  of  a  few  species  of  Nitzschia.  From  the  recent  discoveries  of 
Dr.  Donkin,  Amphiprora  is  found  far  more  closely  allied  to  Fleurosigma 
and  Donkinia.  From  these  genera  it  differs  by  its  alate  valves,  and  by 
having  transverse  strisB  only.  According,  however,  to  the  late  Professor 
Gr^ory  and  Dr.  Donkin,  the  valves  of  Amphiprora  are  furmshed,  in  addition 
to  the  median  crest,  with  lateral  ones  also,  sinular  to  those  of  Surirella ;  and 
certainly  the  fiiistules  in  the  frront  view  most  frequently  exhibit  a  longitu- 
dinal Ime  on  each  side  between  the  margin  and  the  central  portion — an 
appearance  not  unlikely  to  depend  on  such  a  formation,  particularly  in  A» 
ornata  and  A,  paludosa,  in  which  these  lines  are  undulated.  An  end  view 
is  required  to  ascertain  whether  this  be  really  the  case,  since  the  same 
appearance  would  result  from  a  depression  along  the  sides  of  the  median 
crest,  and  even  the  undulations  may  be  produced  by  transverse  ridges. 


AuFHiPBORA  o/a<arE.,K.).— -Very  hya- 
line, generally  twistea ;  front  view  broad- 
ly winged,  strongly  constricted ;  wing  con- 


tinued round  the  ends ;  lateral  view  with 
apiculate  ends  and  a  double  line  of  puncta 
accompanying  the    keel;    striss  42  in 


Digitized  by  VjOOQ IC 


STSTEKATIO  HI8I0BT  OF  THE  DTFUBOBIA. 


OOl".  KB.  p.  107 ;  SD.  i.  p.  44j  pi.  15. 
t  124,sa2iavumla  and  JEntomone%$  alata, 
£R  1846,  p.  154.  Commoii,  eepecially 
in  salt-water  marshes,  (xm.  o  to  7.) 
1-570"  to  1-430^'  5  central  portion  with 
longitudinal  lines. 

A.  KutssUigii  TBr^.). —  Very  hyaline; 
front  view  slightly  constricted,  longi- 
tudinally lined,  with  rounded  apices. 
KA.  p.  98.    France. 

A.  comtricta  (E.).  —  Very  hyaline ; 
fit)nt  Tiew  ohlong,  sinuato-constricted, 
with  rounded  ends ;  lateral  view  narrow, 
with  straight  median  line,  and  transverse 
stauros-likeband.  EA.p.  122,  pi.  2. 6.  f.  28; 
SD.  i.p.  44,  pi.  15.  f.  126.  Europe,  America, 
(xn.  1.)    dtri8B  very  fidnt,  68  in  -001". 

A.  duplex  (Donkin). — Broad,  panduri- 
form,  with  truncate  ends  and  rounded 
angles;  lateral  view  narrow,  not  stri- 
ated; keel  strongly  sigmoid,  tmaccom- 
rnied  bv  puncta.  TM.  vi.  p.  165,  pi.  8. 
18.  !&gland.  Resembles  A,  tiata  in 
the  broad,  deeply-constricted  front  view 
with  conspicuous  al»^  but  differs  from  it 
in  the  absence  of  stnse  and  puncta,  and 
in  the  narrow-linear  lateral  view. 

A.  pUcata  (Greg.). — Front  view  deenly 
constricted,  with  broadly  rounded  enos ; 
each  valve  with  a  plate  extending  from 
its  inner  margin  to  the  nodule,  frimiBhed 
like  the  wings  with  about  50  fine  trans- 
verse stri»  in  *001" ;  central  portion 
with  fidnt  vertical  lines  or  folds.  GDC. 
p.  88,  pL  4.  £  57.  Scotland.  Approaches 
nearest  to  A.  alata,  but  differs  m>m  it  in 
the  folds  of  the  middle  space,  and  in  the 
presence  of  lateral  plates.  Jud^^ing  from 
the  figure  quoted,  the  longitudmal  lines 
are  similar  to  those  present  in  A,  aUUa 
and  other  species,  and  we  doubt  the 
distinction  or  the  lateral  plates. 

A.  ptdchra  (Bailey).  —  Large ;  front 
view  deeply  constricted,  with  rounded 
ends,  distmctly  striated,  punctate  near 
the  margin.  BC.  ii.  p.  38,  pi.  2.  f.  16 
&  18.  Florida.  Often  twisted ;  central 
portion  narrow,  sigmoid^  with  a  few  fine 
longitudinal  lines. 

A.  ^uadrifasciata  (Bailey). — Small; 
front  view  moderately  constricted,  with 
truncate  or  slightly  rounded  ends ;  valves 
striated,  lanceolate,  with  produced  ros- 
tellate  apices.  BCI.  ii.  p.  38,  pL  2.  L  2-4 
United  States.  When  living,  the  colour- 
ing matter  forms  four  yeUowi^  trans- 
verse bands ;  not  contorted. 

A.  vitrea  tS.),  —  Straight;  front  view 
oblong,  with  rounded  ends  and  slight 
constnction  ;  lateral  view  lanceolate  : 
8tri8B  52  in  OOl".  SD.  L  p.  44,  pi.  31. 
f;270,    Britain.  ^      ^ 


A.  eUaam  (^.), — Stra^ht ;  front  view 
linear-oblong,  with  broamy  rounded  ends 
and  veiy  sl^ht  notch-lin^  coDslrictkm; 
lateral  view  lanceolate ;  atrise  40  in 
•OOr.  SD.  ii  p.  90.;  GDC.  p. 38, pL4 
f.  58.  Britain.  '' Distinguished  from  .<! 
vitrea  by  its  longer  and  compaiativelj 
more  lanceolate  and  slender  frostol^ 
and  closer  stri»  "  (S.\  Profeflsor  Amott 
would  unite  this  witn  A.  vitrta, 

A.  obtMMa  (Greg.). — Front  view  linear- 
oblong,  with  slignuy  sinu&ted  aides  and 
rounded  ends ;  striae  very  fine.  GDC 
p.  34,  pi.  4.  f.  60.  Scotland.  Alsaof 
neariy  uniform  breadtli. 

A.  minor  (Greg.). — ^FVont  view  ohkmg, 
with  slightly  sinuated  sides  and  routed 
ends;  striaa  rather  coarse;  central  amooth 

r»rtion  Iance<date.  TAL  v.  p.  75,  pL  L 
38.    ScoUand. 

A.  putiUa  (QtT^,),  —  Front  view  qua- 
drangular; alie  slightly  constricted,  ^ 
constriction  apparently  overlapped  hf 
the  convexity  or  the  valve ;  latml  view 
acutely  lanceolate;  striae  fine,  about  60 
in  OOr.  GDC.  p.  83,  pL  4  £  66.  Scot- 
land. 

A.  lepidoj^tera  (Greg.).  —  Elcmgated; 
front  view  linear,  with  oroadly  rounded 
ends ;  the  notdi-like  conatriction  of  tiie 
also  apparently  overlapped  by  the  con- 
vexity of  the  valve ;  lateral  view  lan- 
ceolate, apiculate ;  stris  fine,  abont  48 
in  OOl'*;  GDC.  p.  83,  pL  4  £  59.  Scot- 
land. The  alsB  are  carried  round  the 
ends,  and  in  Hie  lateral  view  appear  like 
an  apiculua. 

A.  maxima  (Greg.). — ^Front  view  very 
broad,  panduruorm,  with  rounded  en^ 
the  notch-like  constriction  overlapped 
by  the  convexi^  of  the  valve;  stria 
distinct,  about  86  in  OOl" ;  lateral  view 
acutely  lanceolate.  GDC.  p.  35,  pL  4 
f.  61.    Scotland. 

A.  eomplexa  (Greg.).  —  Front  view 
broadly  panduriform,  with  broadly  round- 
ed ends;  alse  with  marginal  puncte:  s^am 
delicate,  about  45  in  wl" ;  eentrnl  por- 
tion oblong,  with  concentric  longituamal 
lines.  GDC.  p.  86^  pi.  4  £  e£  Sc^yt- 
land. 

A^pahtdoea  TS.). — Twisted;  front  vierw 
dilate<L  broadly  winged,  deeply  ooa- 
stricted,  with  rounded  or  truncate  eswda, 
and  a  waved  longitudinal  line  on  eack 
side  between  the  margin  and  ci^itral 
portion :  striflB  60  in  •001"  SD.  L  jp.  44, 
pi.  8L  i  269.  Britain.  Fresh  or  allgiitlj 
orackish  water,  according  to  Smith; 
marine,  according  to  Professor  Amott. 

A.  ormito(Bailev). — Small;  front  vieir 
deeply  constrictecl,  with  tnmcated    or 
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rounded  enda^  and  a  longitadinal  row  of 
nndulations  on  each  side.  BC.  iL  p.  38^ 
pL  2.  £  15  &  23.  America.  Often 
twisted  "  The  ruffle-like  rows  of  pin- 
nules distinguish  this  species  firom  all 
others"  (BaSey). 

Ikntbtfui  J^fecies. 

A.  recta  (Greg.).  —  Front  view  qua- 
dran^^olar^  with  rounded  angles  and  very 
slightly  constricted  sides ;  stri»  fine  but 
distinct  TM.  v.  p.  67,  pi.  1.  £  40.  Scot- 


land The  figure  presents  no  appearance 
of  aliBy  but  only  convex  lateral  valves, 
such  as  are  seen  in  several  species  of 
Navicula. 

A.  ftavictUarts  (K),  —  Oblong,  with 
obtuse  ends  and  radiant  transverse  strips ; 
front  view  quadrangular,  with  two 
pnncta  at  each  end.  KA.  p.  122  ;  EM. 
several  figures.  Fresh  water.  America. 
Apparency  a  Navicula  with  the  ter- 
mmal  puncta  of  the  front  view  less  mar- 
ginal uian  usuaL 


Genus  BIADESMIS (Eiitz.). — Frustoles  navicular,  united  into  a  filament; 
valves  with  central  and  tenninal  nodnlee.  Habit  of  Fragilaria,  but  the  valves 
furnished  with  median  line  and  central  nodule.  Diadesmis'  differs  from 
Spbenosira  only  in  having  the  lateral  surfaces  with  similar  ends. 


♦  lyeshioater  or  FossiL 

DiADBSiOB  confervacea  (E.). — ^Breadth 
of  articulations  twice  the  length ;  valves 
minute,  smooth,  with  acute,  acuminate 
ends.  KB.  p.  109,  pi.  80.  £  8.  Trinidad 
(xiv.  32,8a)    1-90O". 

D.  U^vis  (E.,  K.).  —  Smooth ;  breadth 
of  articulations  three  to  four  times  the 
length.  KB.p.  109,pl.29.  £e0.=r<iftc^ 
Utrw  ksvis,  EA.  pL  1.  2.  £  17.  Chili. 
(xii.40.) 

D.  scu^ta  (E.,  K.).  —  Articulations 
with  striated  margins ;  valves  Hnear- 
oblong,  with  rounded  ends  and  a  narrow 
striated  border.  KB.  p.  109,  pi.  29.  £  26. 
=  TabeUaria  sctOpta,  EA.  pi.  1.  2.  £  6. 
Chili.     Besemblee  Navictda  boreakSf  E. 

D.  P  BaciUum  (E.,  K.).— Articulations 
striated,  linear-oblonff,  with  rounded 
endfl^  and  a  large,  oblong,  longitudinal 
median  nodule.  KB.  p.  109.  nx  Navicula 
BcunOum^  E.    Fossil.    Greece. 

D.  Navicula  (E.\  —  Frustules  oblong, 
smooth,  four  or  nve  times  as  long  as 


broad,  with  a  smooth  median  stricture. 
=  Fragilaria  ?  Navicula,  EA.  p.  127, 
pi.  1.  3.  £  8.  Peru.  We  place  tMs  form 
m  Diadesmis  because  the  frustules,  in 
the  front  view,  have  a  minute  pimctum 
at  the  middle  of  each  lateral  manpn, — 
an  appearance  which  usually  indica4»s 
the  presence  of  central  nodules. 

D.  OaUica  (S.).  —  Filaments  straight 
or  curved ;  valves  linear-elliptical,  with 
about  45  obscure  strise  in  1)01".  Sm. 
ANH.  Jan.  1857,  p.  11,  pL  11.  £  16. 
Havre. 

D.  peregrina  (8. ). — ^Victoria  tank,  Glas- 
gow.   This  species  is  unknown  to  us. 

2*  Marine, 

D.  WHUamecm  (8.,  Greg.).  —  Front 
view  linear,  with  central  and  terminal 
dilatations;  valves  linear,  with  attenuated 
ends  and  16  to  18  dotted  strisa  in  OOl. 
GBC.  p.  25,  pi.  2.  £  40.  a  HimarOidium 
WaUamsani^BED,  ii.  p.  14,  pi.  83.  £  287. 
Marine.    Scotland 


Genus  8TIGMAPH0RA  (Wallich). — Frustules  free,  naviculoid;  valves 
lanceolate,  loculate ;  loculi  with  central  and  marginal  puncta.  Marine. 
Pnistules  very  hyaline,  with  two  minute  cells  at  the  middle  of  each  margin 
in  both  views ;  valves  with  median  line. 


SxiGMAPHORA  rostrota  (Wallich). — 
Valves  rostrate  J  beaks  with  a  median 
row  of  puncta.  TM.  viii.  p.  48,  pL  2. 
£  5,  6.    (vm.  43.)    India. 


8.  lanceolata  (Wallich).  —  Valves 
acutely  lanceolate,  without  median  rows 
of  puncta.  TM.  viii.  p.  48,  pL  2.  £  7,  8. 
Lima. 
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2  *  FrustuUi  fuwicuhid,  enveloped  in  gelatine  or  enclosed  in  a  d^niU 
tubular  or  gekUinoia  frond, 

Subfemfly  SCHIZONEMKE  ob  IACEENAT.^ 

This  group  is  remarkable  for  the  great  external  resemblanoe  some  of  its 
species  have  to  acknowledged  Alg»,  widelj  as  they  differ  in  internal  stnictare. 

Genns  FRTJSTIJLIA  (Ag.). — Frostules  baoillar  or  nayicnlar,  immersed  in 
an  amorphous  gelatinous  substance.  For  the  present  we  retain  this  gemiB 
in  the  SchizonemesBy  bnt  believe  that,  in  most  if  not  all  the  species,  the  fins- 
tules  are  more  like  a  Synedra  than  a  Navicula,  and  want  the  centel  nodnle 
of  the  latter. 


t  Stri»  evident. 

Feustulia  salma  (TE.). — ^Very  nairow 
linear,  transveisel v  striated ;  in  front  view 
with  rounded  enos,  in  lateral  view  sud- 
denly acute.  £  Infl  p.  232.  Saline 
springs,  Germany. 

2 1  StrisB  wanting,  or  very  indistinct. 

R  KiMngiana  (Rah.).— Smooth,  lan- 
ceolate, with  truncate  apices.  Rab  D. 
p.  85,  pL  a  f.  S,ss8ynedra  mucicola,  ER 
p.  68,  pL  14.  £  6.  On  stones  in  a  rivulet 
near  Nordhausen. 

F.  minuta  (Rab.).  —  Minute,  linear, 
smooth,  in  front  view  with  truncate 
apices ;  valves  with  acutely  cuneate  ends. 
Rab  D.  p.  86.  t  8.  f.  4.  =  Sgnedra  Brua- 
tulum,  KB.  pi.  30.  f.  77.  Fresh  water. 
Germany  and  Italy.  It  forms  an  olive- 
brown  gelatinous  mass  on  stones,  and 
becomes  green  in  drying. 

F.  torfacea  (Braun).  -—Rhomboid-lan- 
ceolate, with  obtuse  apices,  a  stout  me- 
dian rib,  and  small  central  nodule.  RabD. 
p. 60,  t  7.  £  2.  Germany.  It  formsdirty- 
yellow,  rather  firm,  smooth  or  rugged 
gelatinous  masses  about  plants  in  bogs. 
An  authentic  specimen  Irom  Professor 


£14 


Braun  appears  to  us  identical  with  Nar 
vicyla  rhomboules. 

F.  Saxamca  (Rab.).  —  Slenderer  than 
jP.  torfaceoj  with  valves  more  acute; 
front  view  hnear,  with  broadly  rounded 
ends.  Rab  D.  p.  60,  t.  7.  £  1.  Saxozty. 
Forms  dirty-olive-brown  tremulous  jelly- 
like  masses  in  little  cavities  of  damp 
rocks. 

F.  Hadceriana  (Rab.). — ^Valves  spin- 
dle-shaped, with  acute,  pointed  ^ds; 
front  view  narrow-lanceolate,  with  ob- 
tuse apices.  Rab  D.  p.  60,  pL  10. 
Gkirmany.  Forms  dirty  gelatinous  i 
on  moss  in  streams. 

F.  acieulartM  (£.).  -^  Bacilla  slender, 
smoolii,  with  acute  apices:  valves  mora 
acute,  like  a  fine  needle.  ERBA.  ISoS, 
p.  627.  Marine.  Kingston  Bay.  Fni»- 
tules  like  those  of  FragHaria  JRkahJo- 
Bomciy  but  free  and  heaped  together 
without  order. 

F.  badUarii  (£.). — ^Bacilla  linear,  pn- 
nulate,  with  truncate  apices  in  the  front, 
and  rounded  in  the  lateral  view.  EB. 
1863.  Marine.  Kingston  Ba^r.  This 
species,  like  JP.  aeieularis,  seems  indnded 
in  gelatine  dilated  like  an  ulva,  which, 
when  dry,  appears  membranaceoira.  In 
the  same  membrane  both  species  are  in- 
cluded, with  many  other  Ihatomacese. 


Genus  MASTOGLOIA  (Thwaites). — ^Frustules  oblong,  naviculoid,  annulate, 
in  a  gelatinous  mammillate  cushion  or  frx>nd ;  annuli  loculated ;  locnli  open- 
ing by  foramina  along  the  line  of  suture.  *'  The  frustules  of  Mastogloia 
are  notably  distinct  frx)m  those  of  the  other  genera  of  this  tribe,  having  the 
annulate  structure  of  Rhabdonema  with  the  canaliculi  of  Surirella."  ''  The 
canaliculi  are,  however,  formed  differently  frt)m  those  of  Surirella,  not  being 
connected  with  the  valve,  but  with  the  annulus,  which  projects  as  a  s^tom 
into  the  body  of  the  frustule.  The  frustule  itself  is  ordinarily  excentric  to  tl» 
mucus  developed  around  it,  and  sits  as  it  were  on  the  summit  of  a  little 
nipple-like  cushion  of  gelatine  "  (Smith). 


Mastogloia  DameU  (Thwait^.  — 
Valves  elliptic-oblong,  with  8  to  20  lo- 
culi;  8tri»  42  in  001".     SD.  ii.  p.  64^ 


pi.  62.  £  388.  s  Diddeia  Dtm$tmy  AKK 

184a  Brackish  water.  Britain,   (xv.aa) 

M.  Umceolata  (Thw.). — ValTes  oblong- 
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lancedAte,  with  subacute  apices  and  8  to 
d01oculi;stii»42in-00r'.  SD.iLp.64, 
pL54.  £340.    Bra^^sh  water.    Britain. 

M.  iam;^*(Tliw.).— Valves  oblong- 
lanceolate,  with  produced,  obtuse  or 
capitate  apices,  ana  6  to  24  loculi ;  strisB 
42  in  OOr'.  SD.  ii.  p.  65,  pL  64.  f.  841. 
Fresh  or  brackish  water.    Britain. 

M.  apiadata  (S.). — Valves  elliptic- 
lanceolate,  with  slightly  produced,  ob- 
tuse, conic  apices,  and  30  to  60  loculi ; 
strisd  42  in  -001".  SD.  ii  p.  65,  pL  62. 
£  387.    Marine.    Britain. 


M.  QreMU  (S.).--Valves  linear,  with 
obtuse,  cuneate  ends,  and  16  to  20  loculi ; 
stri»  moniliform,  24  in  001.  SD.  ii 
p.  66,  pi.  62.  f.  389.  Fresh  water.  Britain. 

M.  minuta  TGrev.).  —  Valve  elliptic- 
lanceolate  or  elliptic-oval,  conspicuously 
apiculate ;  loculi  12  to  18 ;  strise  very  fine 
and  close.  Trinidad.  Grev.  MJ.  v.  p.  12, 
pL  3.  f.  10.  It  is  a  species  evidently  allied 
to  M,  <miculata,  but  differs  in  being 
scarcely  half  the  size,  and  essentially  in 
the  much  larger  loculi ;  it  is  also  much 
more  apiculate. 


Gtenus  PHLYGT-^INIA  (Kiitz.). — ^Frostules  navicular,  included  in  (globose) 


gelatinous  cells.     Marine. 

Phlyct-«nia  imnuta(EJ). — ^Parasitic ; 
cells  hyaline,  achromatic,  solitarv,  scat- 
tered, or  binatelv  approximate  and  aggre- 
gated; includea  navicul®  few,  binately 
or  quatemately  conjoined,  smooth  ] 
front  view  linear,  with  truncate  apices ; 
Talves  broadly  lanceolate,  with  acumi- 
nated ends.    KSA.  p.  06.    Adriatic  Sea. 

P.  maritima    (E.,  K.).  —  Naviculffi 


smooth  (P),  linear,  with  rounded  ends 
containea  in  distinct,  but  contiguous^ 
gelatinous  ceUs.  EA.  p.  9Q.=iIht8tuIia 
maritima,  E  Inf.  p.  232.  Near  Gothen- 
burg. 1-1200"  to  1-1160".  This  species 
occurs  as  a  brownish  jelly-like  mass  on 
stones.  In  the  gelatinous  cells  Ehr- 
enberff  observed  from  one  to  twenty 
frustmes. 


Gbnus  DICKIEIA  (Berkeley). — ^Frond  subgelatinous,  plane,  attenuated  to- 
wards the  base,  containing  scattered,  navicular,  imperfecdy  silicious  friistules. 
Marine.     DicHeia  is  distinguished  by  its  plane  frx)nd  and  scattered  friistules. 

DiCKisiA  uhoides  (Berk.).  —  Fiond 
undivided ;  valves  elliptical.    ANH.  xiv. 
9;    SBD.  ii.  p.  66,  pi.  64  £  342. 
Britain,     (xv.  81.)      Frond  linear  or 


g 


obovate-stipitate ;  stri»  obscure,  36  in 
<X)1" ;  nodule  transverse,  Sm. 


D.  pinnata  (Ral&).  —  Frond  divided] 
valves  elliptic-lanceolate.  ANH.  2nd 
ser.viiLpL5.£6;  SBD.  iL  p.  66,  pL 64. 
f.  343.  Britain.  Autumn.  Divisions  of 
frond  subpinnate;  strisa  obscure,  40  in 
•001"  5  nodule  punctiform,  Sm. 


Genus  RHAPHIDOGLCEA  (Kiitz.).— Frond  globose,  gelatinous,  tender, 
filled  with  fusiform  bundles  of  naviculse  disposed  in  radiating  threads. 
Marine.  **  The  principal  character  of  this  genus  is  taken  from  the  amor- 
l^ous  disposition  of  the  gelatinous  substance  in  which  the  frustules  are 
immersed.  The  frustules  are  mixed  togetiier  in  a  disorderly  maimer  in 
Berkeleya,  whilst  in  BJiaphidoglcea  they  are  arranged  in  fusiform  fascisB, 
confluent  by  the  pointed  extremities"  (Meneg.).  We  think  this  genus 
might,  without  inconvenience,  be  united  with  Berkeleya. 


Rhaphidooixba  medusina  (K.).  — 
Minute;  £Eiscicles  lanceolate-acuminate, 
in  irregular,  reticulately-branched,  con- 
tinuous, radiating  threads ;  navicules 
lanceolate.  KB.  p.  110,  pL  22.  £  7.  Me- 
diterranean Sea.    l-600'\ 

R.  manipuiata  (K.).  —  Globose,  pisi- 
form; rays  of  fascicles  reticulatea,  not 
interrupted;  naviculsa  linear-lanceolate^ 
obtuse.  KR  p.  110,  pi.  22.  £  6.  Europe. 
1-700"  to  1-290". 

R.  interrt^  (K).  —  Pisiform,  with 
slender  rays  of  fascicles,  interrupted  in 
a  joint-like  manner,  with  gradually  ta- 
pering branches;  naviculee  linear,  slightly 


attenuated  at  the  truncate  apices.  KB. 
p.  110,  pi.  22.  f.  6.  Adriatic  Sea.  1-300". 
R.  mtcans  (Lyngb.,  K.). — Subglobose ; 
rays  of  the  larger  fascicles  irregular, 
oMolete  ;  navicuhe  linear  -  lanceolate, 
subulate,  rather  acute,  elongated.  KB. 
p.  110,  pi.  22.  f.  8.  s  SekizorSma  micofis, 
AD.  p.  17 ;  Naunema  micana,  £  Inf. ; 
FrustuUa  coatata,  LobarzeuskyinLoDnsea, 
1840,  pi.  6.  f.  1.  Europe.  Mr.  Tuffen 
West  informs  us  that,  from  carefrd  obser- 
vation of  living  specimens,  he  is  satisfied 
that  this  species  is  identical  with  ^m- 
phipleura  peOwndOy  in  which  opinion  the 
late  Prof.  Smith  fuUv  concurred. 
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Genus  BERKELEYA  (Ghrev.)*  —  Frm^^olae  naTiculoid,  linear^laiieeQlate, 
included  within  tabular  sabmembranaoeoos  filaments,  which  are  free  at 
their  extremities;  but  immersed  below  in  a  more  or  less  definite  tnbnde. 
Marine.  Berkeleya  differs  from  Schizonema  in  having  the  base  of  the  fila- 
ments immersed  in  an  orbicular  gelatinous  tubercle.  This  tubercle  is  at  first 
firm  and  definite,  but  finally,  especially  when  growing  on  rocks,  beoonies 
enlarged,  soft,  and  often  somewhat  indefinite. 


Bbbkslbya  fragHiB  (Grey.).  —  Fila- 
ments subflimple,  minute ;  frustules 
crowded,  slender,  lanceolate  or  linear- 
lanceolate,  with  ^e  Btrin  obsolete  or 
wanting.  GBF.  p.  416  j  SD.  ii  p.  67, 
pL  64.  £  344  On  Zostera,  Alg»,  and 
rocks.  Europe.  The  gelatinous  tubercle 
during  growth  becomes  attenuated  and 
more  difiused,  and  sometimes  forms  an 


indefinite  slimy  coTering  about  the  base 
of  the  filaments.  In  a  dried  state  thk 
species  acquires  a  metallic  lustre. 

B.  Adriatica  (K.). — ^Filaments  brancb- 
ed ;  branches  distinctly  subdivided ;  frus- 
tules narrowly  linear-lanceolate,  rather 
obtuse.  KB.  p.  109,  pL  22.  £  4.  Adriatie 
Sea.  (xiy.  &,d5.)  1-300^'.  Scaredy 
distinct  from  B,  fragiUs, 


Genus  COLLETONEMA  (Br^.). — Frustules  naviculoid,  arranged  in  series 
within  a  tender,  simple  or  divided,  filiform  or  globose  frt)nd.  Aquatic. 
According  to  Professor  Smith,  <<  the  freshwater  habitat  and  slightly  divided 
frond  distinguish  the  present  genus  from  Schixonema;  and  [he  adds]  the 
frustules  are  also  more  firmly  siliceous  than  those  of  that  genua,  and  tiie 
character  of  the  valve  can  usually  be  well  seen  after  maceration  in  acid." 
Professor  Eiitzing  describes  Colletonema  as  having  a  filiform  frond  composed 
of  series  of  naviculae  held  together  and  enveloped  by  an  amorphous  gelatinous 
mucus,  without  an  exterior  gelatinous  tube.  We  doubt  if  any  of  Uie  above 
characters  sufficiently  distinguish  Colletonema  from  the  allied  genera,  because 
they  are  either  inadmissible  in  generic  definitions,  uncertain,  or  not  peculiar 
to  the  genns.  The  absence  of  an  external  tube,  if  constant,  would  be  of 
generic  importance ;  but  we  sometimes  find  the  frustule  contained  within  an 
evident  (although  tender  and  evanescent)  tube,  whilst  in  Miciomega,  on  the 
other  hand,  the  presence  of  an  external  tube  is  sometimes  doubtfuL  The 
fronds  are  exceedingly  thin  and  tender,  readily  permitting  the  escape  of  their 
frustules,  which  may  then  be  mistaken  for  species  belonging  to  other  genera ; 
thus  Professor  Smith  remarks  that  it  is  possible  iiiat  PmfwJ^aria  radiota  may 
be  merely  the  free  state  of  ColUixmema  neglectum,  and  Navictda  cramnervitt 
the  same  condition  of  (7.  wlgare. 


CoLLETONSMA  eximmm  (Thw.,  K.), 
—  Frond  filiform ;  frustule  in  lateral 
view  sigmoid,  striated.  KA.  p.  891 ; 
SD.  ii.  p.  69,  iL  56.  t  350.  =  SchKumema 
eximmm.  ANH.  1848;  Oloionema  sig^ 
maid€8,  EB.  1845 ;  Encyonema  sigmoicksy 
KA.  p.  62.  P  Britain,  Demerara  P  Valves 
linear^  sigmoid  from  the  ends  sloping  in 
opposite  directions:  stries  56  in  -001". 
(viii.43.) 

C.  viriMum  (Br6b.\— Frond  filiform ; 
navicuUs  spirally  and  densely  arranged  j 
valves  lanceolate,  rather  obtuse,  smooth : 
front  view  hnear-oblong,  sli^tly  and 
gradually  attenuated  towards  the  trun- 
cate apices.    EA.  p.  105.    France. 

C.  t€U!Uitre  (Ag.,K.).— Frond  filiform, 
simple  or  suhramose,  finer  than  a  hair, 
enclosed  in  an  imperceptible  membrane ; 
naviculffi  elliptic  or  parallelc^pramic,  in 
a  single  or  double  senes.     KSA.  p.  105. 


s  Schizanema  Jacustrtf  Ag  CD.  p.  IfiL 
Sweden.  Tufts  erect.  brownSh  yellow  ;ui 
sixe  and  habit  like  Sphacelaria  drromi. 

C.  t?wfyare  (Thw.).— Frond  filifinm, 
simple  or  divided,  gradually  tapering; 
containing  one  or  two  regular  rows  m 
frustules ;  valves  oblong-lanceolate,  with 
slightly  contracted^  obtuse  ends.  SD.  iL 
p.  70, pi.  56.  f.  S^h^SchiDonema  rtOgan, 
ANH.  184a  En^^d  and  France.  Less 
common,  according  to  Professor  Smith, 
than  the  next  species.    Strin  72  in  «00i^ 

G.  negkctum  (Thw.).— Fnmd  dightiy 
divided,  obtuse,  containing  nnmsioiii 
and  closely  packed  frustules ;  valves  las- 
ceolatSi  with  obtuse  ends.  SBD.  iL 
p.  70,  pL  56.  f.  352.  s  SMamema  neg- 
AM^tim,  ANH.  1848.    England. 

C.  $ubeohmen»  (Thw.).— Frond  glo- 
bose, gelatinous,  pervaded  by  iixegular 
rows  of  friistules;  valves  oluong,  with 
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SD.  iL  p.  70,  pL  66. 
Stri»  28  m  -OOlV  In 


loimded  apicee. 

1 353.    Dorset 

the  character  of  its  firond  this  species 

somewhat  agrees  with  KhaphidogloBa; 

but  the  fimstules  are  arranged  in  series, 

not  in  &0cicleS;  as  in  that  genus. 

DoubtfuliSiMicies. 

C.  ?  amphioxf/8  (E.,  K.^. — ^Enown  only 
from  fragments.      Navicul®   parallelo- 


flramicy  smooth;  yalves  acutely  lanceo- 
late. KSA.  p.  105.  =  Naunema  am-' 
phiaxt/8,  EA.  pL  3.  2.  f.  5.  Mexico, 
(xn.  5W57.) 

C.  ?  Americaimm  (E.,  K.J. — Naviculie 
striated,  laive,  linear,  with  subacute 
apices,  densefy  arranged  within  branched 
tubes.  KA.  p.  105.  «  Naunema  Amerv- 
canum,  EB.  Ib46,  p.  79.  River  Hudson. 
Striaa  18  in  1-1200". 


G«iu8  SCHIZONEMA  (Ag.,  KUtz.)  (Monema,  Grev. ;  Monn«na,  Meneg. ; 
Naanema^  Ehr.), — ^Frofitules  nayiculoid,  arranged  obn^sedly  or  in  a  single 
file,  ^thin  a  capillary,  submembranaoeous,  single-tubed,  more  or  lees  branched 
frond,  of  nearly  equal  diameter  throughout.  This  genus,  constituted  by 
Agardh,  has  been  repeatedly  divided  and  reunited,  and  the  generic  names 
altered  and  transposed  in  an  arbitrary  manner  without  regard  to  priority. 
Dr.  Greville  founded  Monema  for  the  species  with  single  tubes,  retaining 
those  with  compound  fr*onds  in  Schizonema.  This  division  seems  judicious, 
and  indeed  has  been  adopted  by  nearly  every  succeeding  writer,  although 
Greville's  names  have  been  disused  or  differentiy  applied.  Agardh  recognized 
the  distinctions,  but  retained  Schizonema  for  the  species  with  a  frond  of 
simple  structure,  and  founded  Micromega  for  the  species  having  a  compound 
structure.  As  this  arrangement  has  been  followed  by  Kiitzing,  and  acquiesced 
in  by  Greville,  we  use  it  here.  There  is  the  greatest  difference,  however,  in 
the  distribution  of  the  species,  even  amongst  those  who  admit  both  genera. 
<'  This  discordance  of  x>pinion,''  observes  Men^hini,  '<  as  to  the  arrangement 
of  some  species  in  one  or  other  of  the  two  genera,  which,  independently  of 
their  names,  appear  so  distinct  and  so  clearly  defined,  arises  from  the  great 
difficulty  ci  discerning  the  parallel  tubes  including  the  particular  series  of 
naviculse.  In  some  species  ihe  wall  of  the  external  tube  is  clearly  distinct, 
and  the  naviculse  are  confused  within ;  but  in  some  others  it  seems  as  ii^ 
instead  of  a  tube,  there  were  a  mucous  mass  in  which  the  navicular  are  im- 
mersed." Professor  Smith  considered  that  **  this  great  diversity  of  opinion 
owes  its  origin  to  the  variableness  and  inconstancy  of  the  charactm^  adopted 
by  the  writers  who  arranged  the  species  under  two  genera.  Hie  presence  of 
only  one  or  of  many  files  of  finistides  is  certainly,  to  some  extent,  dependent 
upon  the  stage  of  growth  of  the  specimen  examined ;  and  the  appearance  of 
secondary  tubes  within  the  general  mucus-envelope  is  more  or  less  apparent 
in  different  portions  of  the  same  frond,  or  according  as  it  is  examined  in  the 
freak  or  dry  state.  A  very  extensive  comparison  of  specimens  leads  me  to 
believe  that  in  every  case  where  the  development  of  the  frond  is  much 
adyanced,  as  in  the  older  or  basal  portions,  numerous  files  of  frustules  may 
be  observed."  For  these  reasons  Professor  Smith  united  the  genera  and 
divided  Schizonema  into  two  sections,  "the  first  having  firustules  firmly 
siliceous,  and  frronds,  in  consequence,  somewhat  setaceous  and  robust ;  and  the 
second  including  those  species  whose  frmstules  are  flaccid  and  dc^cate  in 
character. '^  As  we  consider  the  diagnostic  differences  sufficient,  we  have 
retained,  with  slight  alteration,  the  arrangement  of  the  species  in  these 
genera  given  by  Men^hini  in  his  memoir  upon  the  Diatomacese.  The  frx>nd 
in  8chizonema  is  generally  densely  tu^tied  and  more  sparingly  branched  than 
in  Micromega.  It  is  always  single-tubed,  and  usually  very  slender,  with 
even^  parallel  margins.  The  ends  of  the  filaments,  which  in  the  early  state 
are  often  ^npty,  finally  become  ruptured  and  permit  the  escape  of  the 
naviculse.     In  a  recent  state  these  characters  will  generally  suffice  to  deter- 
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mine  the  genus,  even  before  minute  microscopic  examination.  We  place 
more  reliance  upon  colour  in  the  discrimination  of  species  than  some  writers 
allow.  The  colour  for  the  most  part  depends  upon  flie  contents  of  the  frus- 
tules,  and,  according  to  our  experience,  is  subject  to  little  Tariation,  except 
in  old  specimens  rendered  unfit  for  comparison  by  the  escape  of  the  navicnle. 


•  Central  nodule  transveraefy  dHated, 
ScHizoNEHA  cruciffer(S.), — ^Filaments 
much  divided ;  naviculea  crowded ; 
valyes  lanceolate,  acute,  striated;  me- 
dian nodule  transversely  dilated  into  a 
stauios.  SD.  ii  p.  7^  pL  66.  f.  864. 
Britain.    Stri»  distinct,  4D  in  -001". 

2*  CerUral  nodule  puncHform,  aometimes 
obsolete, 

S.  GrevilUi  (Ag.). — Frond  membra- 
naceous, much  branched,  level- topped ; 
navicuLffi  in  front  view  subquaorate; 
valves  oblong-lanceolate,  with  60  stride 
in  -OOr'.  AgCD.  p.  19;  SD.  ii  p.  77, 
uL  68.  f.  864.  ss  Monnema  GrevUlii, 
Meneg. ;  S.  quttdrwunctatum,  Harv.  On 
rocks  and  mud.  Fronds  densely  tufted, 
brown,  turning  to  a  dirty  verdigris-green 
when  dried,  and  adhering  imperfecfly  to 
paper.  Naviculss  large,  crowded  at  l)ase, 
m  a  single  file  near  tne  extremities.  S. 
quadr^nmcUdum  of  British  writers  is  an 
old  state,  and  turns  of  a  rusty  colour  in 
drymg.    1-676". 

S.  crinoideum  (Harv.).  —  Filaments 
very  slender,  achromatic,  sparingly 
branched,  densely  woven  into  a  pale- 
green  or  brownish  stratum;  naviculce 
very  minute^  disposed  in  an  irregular 
loose  series.  Harv.  Manual,  p.  214  ss& 
teneUum,  KB.  p.  Ill,  pL  28.  £  8 ;  ^fon- 
nema  quadrtpunctatum^  Meneg.  Europe. 
Filaments  exceedingly  slender,  with  long, 
simple,  flexuose  branches.  Brown  when 
recent,  olive-green  and  glossy  when  dry. 
1-1386". 

S.  Dilhowni  (Ag.).  —  Frond  densely 
tufted,  rich  brown,  verv  slender;  navi- 
cuhe  minute;  valves  lanceolate-acute, 
smooth.  SD.  iL  p.  77,  pi.  68.  f  866.= 
Monema DaiiPynu,GCF.T^l2Q7.  Rocks, 
mud^  and  Algae.  NavicuIsB  imper- 
fectly sHicious,  more  or  less  crowded, 
especially  near  the  extremities;  fronds 
turning  deep  green  on  immersion  in 
fresh  water,  and  quiddy  acquiring  an 
offensive  smell;  generally  glossy  when 
dried.    1-1000". 

S.  impUcatum  (Harv.).  — Frond  capil- 
lary, densely  tmted,  much  branched, 
curied,  and  entangled;  naviculsd  very 
minute,  irre^arly  crowded ;  valves  lan- 
ceolate, ratner   obtuse.     SD.  ii.  p.  78, 


pL  69.  £  867.  On  mud  in  sheltered 
places.  Tufts  of  a  duller  brown  thia 
8,  DillwymL  nadually  turning  in  fresk 
water  to  a  daric  olive-green,  not  quickly 
becoming  offensive.  Frustulee  in  fonn 
and  size  similar  to  those  of  &  rutSans. 

S.  dubmm  (Harv.).  —  Hesembl^  & 
DUhoynU]  but  the  long  branches,  naked 
below,  are  frmiished  towards  their  sum- 
mits with  numerous  curled  ramulL  Harr. 
Manual,  p.  212.  =  S,  IXlltcymi  /3,  EA. 
p.  101.  Rocks,  &c  TuRs  unequal- 
topped  j  apices  of  ramuli  acute ;  naviculn 
very  nunute  and  densely  packed. 

S.  virescena  (Harv.).  —  Fronds  very 
slender,  densely  tufted,  tenacious^  ver? 
much  oranchea  from  the  baae;  ramuli 
numerous,  curled,  upper  ones  longeet, 
swelling  towards  the  tips,  which  are 
dark-cdoiired  and  end  in  a  sudden 
point ;  naviculie  minute.   Harv.  Manual, 

E.  212.  North  Devon.  Tufts  dense, 
rownish  olive,  not  much  altered  in 
drjring.  Under  the  micax>scope  it  has 
much  the  appearance  of  &  J)ilbeym; 
but  the  thicKened,  dark-coloured  tips 
are  remarkable. 

S.  ruiUans  (Trentepohl,  Ag.). — ^Densely 
tufted  J  filaments  elongated,  subsimj^ 
brownish  and  empty  at  base,  hTanne 
and  filled  with  crowded  linear-ohkng 
frustules  at  the  apex ;  when  diy^  shining 
and  reddish.  AgCD.  p.  18;  K!B.  p.  11^ 
uL  28.  f.  6.  1,  2.  s  Monnema  nO^mt, 
Meneg.  "  It  differs  from  &  DtUtcymi  Iw 
its  more  varnish-like  lustre,  reddiu 
colour  when  dry,  and  finer  and  mcae 
simple  filament"  (Ag.). 

S.  HoffnumnU  (Ag.).  —  Fllamenti 
tufted,  subsimple,  arachnoid,  when  dry 
shining  with  a  reddish  lustre ;  navieobs 
small,  smooth,  crowded ;  valves  lanceo- 
late. =  &  rtftilans,  var.  Hoffnumm,  KB. 
pi.  28.  f.  10:  Monnema  Hoffmanni,  Meneg. 
Europe,  Aoerdeen.  (x.  »)7.)  Professor 
Kiitzmg  nuJces  this  form  a  variety  g£ 
8.  mtilans ;  but  Menechini  observes  that 
they  differ  in  external  characters  and  in 
the  dimensions  and  shape  of  the  ii*vi- 
culsB.    1-1080"  to  1-960". 

S.  BaMcum  (TE.).— Navicuhe  striated, 
slender,  linear-lanceolate,  in  front  view 
truncate,  in  lateral  view  subacute,  dense, 
crowded  in  the  intricately  branched  fiU- 
ments.    £  Inf.  p.  286,  pi  2a  £  15wxs& 


Digitized  by  VjOOQ IC 


OP  THE  KAVICULKiB. 


029 


rvHUrns,    var.  viride :    Monnema    odo- 
tarpoides,  Meneg.      Europe,    England. 

S.Bhrenberffti  (K.). — Frond  parasitic, 
labricouj9,  tufted,  fpeeen,  branched; 
branches  cryBtal-hjaline,  soft,  obtuse  at 
the  apex;  nayiculaB  (in  dried  specimens) 
inconspicuous,  tender,  arranged  in  obso- 
lete series,  oblong  in  one  view,  truncate 
in  the  other,  with  rounded  ends.  KB. 
p.  118.  pL  23.  Id.^Naunema  DiUwymi, 
E  Inf.  p.  236,  pi.  20.  f.  13.  Europe. 
1-1320". 

S.  qnuHceuhi  (QreyX — Filaments 'ca- 
piUaiy,  tufted,  much  branched,  of  a  red- 
dish olive-green  colour;  ramuli  much 
divaricated,  ultimate  ones  patent ;  navi- 
cul»  linear-oblong,  elongated.  Orev.  in 
Hooker's  Br.  Fl.  p.  412.  Scotland. 
Fronds  often  with  a  faint  metallic  lustre 
when  dry.  Filaments  veir  slender,  and 
of  neariy  equal  thickness  tnroughout. 

S.  Adriakcum  (Ag.). — ^Filaments  finer 
than  a  hair,  elongated,  subsimple,  when 
dried  of  an  opaque  olive  srreen ;  naviculae 
narrow,  lanceolate.  AgCl).p.21.  Venice. 

S.  confertum  (S.).  —  Frond  filiform, 
sparingly  divided  throughout ;  naviculae 
exceedingly  crowded ;  valves  shortly  lan- 
ceolate, acute,  with  indistinct,  marginal 
striie.  SD.  ii.  p.  75,  pi.  67.  f.  359.  Aber- 
deen.     -0008"  to  -OOll". 

S.  hUescens  (K.).— Tufted,  when  dry 
of  a  reddish  colour,  glossy;  filaments 
subsimple,  capillaiy,  coloured  and  emp^ 
at  base,  hyaline  and  filled  with  navi- 
cuke  at  the  apex ;  naviculsB  oblong-lan- 
ceolate, obtuse.  KB.  p.  112.  Europe. 
1-1200". 

B.Jlamm  (K.). — Frond  tufted,  lubri- 
cous^ yellow;  filaments  tenacious^  cry- 
stalline, achromatic,  straight,  fastigiate, 
branched;  branches  attenuated  at  the 
apex,  erect;  naviculae  scattered  or  inter- 
ruptedly aggregate,  oblong  or  linear,  with 
obtuse  or  truncate  ends.  KSA.  p.  101. 
France.    Naviculae  rather  broad. 

S.  Udeum  (EJ). — ^Frond  tufted,  yellow ; 
filaments  achromatic,  capillary,  subfra- 
irile,  nearly  equal  throughout ;  naviculae 
Bnear  or  acicular,  inconspicuous,  alter- 
nately loosely  and  densely  compacted. 
KA.  p.  102.    France.    1-1080". 

Genus  MICROMEGA  (Ag.,  Kiitz.)  (  =  Schizoiiema,  il/en^.).  —  Frustules 
navicnloid,  arranged  in  two  or  more  longitudinal  series  within  a  gelatinous, 
filiform  or  setaceous  frond,  or  contained  within  tubes  united  longitudinally 
into  a  compound,  often  membranaceous  frond.  Micromega  is  distinguished 
from  Schizonema  by  its  compound  frond.  We  believe  that  under  one  genus 
have  been  comprised  species  belonging  to  two  distinct  types,  which  perhaps 
ynght  to  form  two  genera. 
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S.  sordidum  (K.).  —  Fronds  minute, 
tufted,  parasitic,  dull  brownish-grey; 
filaments  subdichotomous,  achromatic, 
with  equal  branches;  naviculae  slender, 
truncate ;  valves  lanceolate-linear,  rather 
obtuse.  KB.  p.  113,  pl.24.  f.  l.=-afo«- 
I  nema  sordidum,  Meneg.  On  Zostera. 
I  Europe.  1-1440"  to  1-1200". 
I  S.  tenue  (Ag.). — ^Filaments  arachnoid, 
irregularly  branched ;  naviculae  elliptic, 
disposed  almost  in  a  single  series.  KB. 
n.  112,  pi.  23.  £  2.  =  Monnema  tentie, 
Meneg.  Adriatic  Sea.  When  dried  it 
appears  as  a  sulphur-green  stain;  fila- 
ments inconspicuous  from  their  tenuity, 
Ag.  Professor  Kutzing  refers  Agardh^^s 
species  to  his  &  mucosum,  but  we  doubt 
their  identity. 

S.  simplex  (E.,  K.).  —  Frond  subsoli- 
tary;  naviculae  smooth,  oblong,  with 
rounded  ends,  in  a  simple  series  within 
flexible  filiform  tubes.  KA.  p.  90.  s 
Naunema  simplex,  E  Inf.  p.  234,  pi.  20. 
£  12 ;  Monnema  inconspicuum,  Meneg. 
p.  436  ?  Adriatic  Sea.  1-1160"  to  1-670". 

S.  Lenormandi  {K,\ — ^Parasitic,  short, 
subsimple,  in  woolly  tufts ;  filaments 
achromatic,  for  the  most  part  with  empty 
apices  ;  naviculae  quadrangular,  arranged 
in  a  simple  series.  KA.  p.  09.  =  Mon- 
nema Lenormandi,  Meneg.  France. 
Allied  to  S.  tenue,  but  with  smaller 
frustules,  Meneg. 

S.  tenuissimum  (K.).  —  Filaments 
crisped,  subramose,  hyaline,  very  slen- 
der, densely  interwoven  into  a  compact, 
brown  mucous  stratiun;  naviculae  very 
minute,  linear,  truncate,  in  obsolete 
series.  KR  p.  Ill,  pi.  23.  f.  111.  1-^. 
^Monnema  tenuissimtim,  Meneg.  Adri- 
atic Sea. 

S.  striolatum  (K.).  —  Fronds  tufted, 
green,  crisped,  capillary,  fastigiately 
branched;  filaments  transversely  stn- 
ated,  nearly  emptv  at  the  base,  Glled  at 
the  apex,  crystal-hyaline  throughout; 
naviculae  oblong,  obtuse  in  the  lateral, 
truncate  in  the  front  ^dew.  fi  clmiqerum, 
branches  irregular,  covered  with  obovate 
or  clavate  ramuli.  KB.  p.  114,  pi.  26.  f.  2. 
=s  Monnema  striolatum,  Meneg.  Ger- 
many and  France. 
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The  first  contains  species  having  series  or  files  of  navicuke  surromided  by 
a  gelatinous  covering,  and  hy  their  union  forming  a  compound,  generally 
stout  frond,  externally  furnished  with  a  common  epidermis.  Type,  M,  SmWrn, 
The  species  of  this  section  are  highly  gelatinous,  and  conseqnently  adhere 
firmly  to  paper  in  drying,  are  frequently  of  considerable  thickneBB  at  the 
base,  and  often  have  their  extremities  lobed,  proliferous,  or  penicfllate.  The 
margins,  especially  in  old  specimens,  are  generally  more  or  lees  rough  or 
irregular.  The  firustules  are  released  by  the  destruction  of  the  gelatine,  and 
not  by  injury  to  the  extremities,  as  in  the  case  of  tubular  fironds.  Each 
series  of  mistules  seems  to  have  its  own  proper  gelatinous  ooveiing,  and  the 
junctions  are  marked  by  faint  longitudinal  lines;  but  these,  which  have 
been  supposed  to  indicate  tubes,  are  often  very  indistinct ;  henoe  arises  mueh 
of  the  difficulty  in  determining  their  proper  genus. 

The  second  section  contains  species  which  have  a  strictly  oompoond  frond 
of  distinct  tubes  longitudinally  connected,  each  tube  similar  to  a  frond  of 
Schizonema.  The  fronds  are  generally  membranaceous,  and  adhere  imper- 
fectly to  paper;  the  friistules,  arranged  more  or  less  irregularly  in  tiieir 
tubes,  are  liable  to  escape  from  an  opening  at  any  part.  Type,  M.  commda. 
If  these  sections,  as  is  probable,  should  hereafter  rank  as  genera,  the  three 
allied  genera  might  be  named  and  characterized  as  follows : — 

1.  MoKiTEicA  (Grev.,  Men^.)  (=sSchizonema,  -%.,  KiUz.). — ^Frond  tubular, 
single- tubed. 

2.  ScmzoKBMA  (Ag.,  Grev.,  Meneg.)  (=Microm^;a,  Ag.,  KtUz.).  —  Frond 
gelatinous,  not  tubular. 

3.  MiCBOMsoA  (Ag.,  £hr.). — ^Frond  tubular,  two-  or  more  tubed.  The 
branching  in  Micromega,  especially  in  the  species  belonging  to  Uie  fint 
section,  results  from  the  separation  of  the  series  of  navieulie,  and  is  not  the 
branching  of  a  tube,  as  in  Schizonema. 


*  Drond  ffeloHnoui,  containing  hngitu- 
dmal  series  of  narictsla, 

MiCKOMKOA  SmiihH  (Ag.\— -Frond 
robust,  setaceous,  gelatinous,  nnn,  simple 
below,  much  branched  above,  frustules 
in  longitudinal  series :  valves  lanceolate, 
acute;  strin  40  in  -001".  ^Schixonema 
SmiOm,  AD.  p.  18;  SD.  ii.  p.  76,  pL  67. 
f.  362.  Rocks  and  Algaa.  Common. 
Fronds  usuallv  scattered,  {mle-yellowish 
olive;  navicuhe  disposed  in  subdistant 
files  within  the  colourless  jelly  of  the 
frond.    1-600". 

M.  MnwUhosum  (Chauv.). — Fronds 
robust,  setaceous,  gelatinous,  lubricous, 
tufted,  much  branched^  with  acute  apices; 
nayiculsB  in  lon^tudinal  series ;  valves 
elliptic-oblong,  with  rounded  ends ;  striae 
48  m  -001".  =  Schizonema  hdnUnthosum, 
AD.  p.  20;  KA.  p.  103;  SD.  ii.  p.  74, 
pL  66.  £  855;  iSl  Arbuscula,  KB.  pi.  27. 
f.  1 ;  Naunema  Arbuscula,  EInt ;  JN.frU" 
tieulosum,  KA.  p.  104.  Rocks.  Colour 
olive-brown,  becoming  greenish-grey  and 
without  gloss  in  drying.  1-504",  It 
may  be  kaown  from  M,  Smithii  by  its 
more  tufted,  often  gregarious,  lubncous 


and  daikerTColouied  fronds,  and  itslaiga 
and  very  obtuse  valves. 

M.  tormuUum  (Harv.). — ^Frond  robust, 
simple  below,  much  divided  ai>ove,  ulti- 
mate divisions  much  twisted :  naviculs 
in  longitudinal  files ;  valves  oblong-lan- 
ceolate; striae  40  in  -OOV.^SMunemta 
torquatum,  Me. ;  SD.  iL  p.  76i,  ]^  57. 
f.  861;  8,  SnMHy  /3.  tor^uofom,  Harr. 
Manual,  p.  211 ;  Micromega  seiaiemmy  y. 
torouatum,  KA.  p.  107.  Britain.  In  siie 
ana  colour  it  agrees  with  M.  Smithii,  hot 
is  remarkable  for  having  its  faranches 
curled ;  its  navicul»  are  more  distinetly 
in  chains,  shorter  and  broader  in  pn^or- 
tion  to  their  length  than  in  that  n^ecies. 
1-720"  to  1-600". 

M.  Polgdados  (K.). — ^Frond  setaceous^ 
dichotomously  brandied;  branches  ekn- 
^ted,  slender,  rather  ri^d;  navicolaB 
(membranaceous  P)^  flaccid,  in  distinct 
tubes.  KR  p.  116^  pi.  2a  £  L  Emope. 
Spennatia  eUiptic.  1-1066"  to  1-960^. 
Meneghiui  unites  this  form  with  M.  fer- 
quatum, 

M.  nebulosum  (Me.). — Frond  sl^dy 
greenish,  cloudy,  subachromatic,  fbrmiE^ 
an  intricate  mucous  stratum ;  tubes  gda- 
tinous,  achromatic,  obsolete;  naTicolaa 
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elender-lanceolato,  ratiier  obtuse,  loosely 
scattered,  a  Sehmmema  netmUmm^  KA. 
p.  09.  DalmAtia.  ''Eutcing  is  right  in 
remarking  that  my  ScMsonema  nebmomtm 
conrenKHids  to  mi  torouatum  in  the  form 
and  dimensions  of  tne  nariculie.  Al- 
though when  dried  upon  paper  it  only 
fonns  a  light  doud,  yet,  when  diligently 
examined,  it  proyes  similar  in  ramifica- 
tion to  Harvey's  species ''  (Me.  p.  446). 
1-1080".  ^       r-         V        r        / 

M.  WyaUii  (Harr.).  —  Frond  carti- 
laginous, setaceous  at  base,  much 
branched;  branches  capillary,  erect, 
straight,  with  acute  axils,  tapenng  to  a 
fine  point;  navicule  lanceolate,  denselj 
packed  in  jelly,  s  Schizonema  WyattU, 
Harv.  Manual,  P*  ^H*  England.  Forms 
globose  tufts.  This  species  comes  near 
o.  Smithiiy  but  is  much  more  slender, 
and  o jiens  more  readily  and  with  greater 
elasticity  after  being  dried. 

M.  moUe  (8.).  —  Frond  gelatinous^ 
simple  below,  membranous  by  cohesion 
above ;  margin  much  divided,  into  acute 
segments;  naviculsB  in  crowded  files; 
yafyee  lanceolate,  acute,  with  48  stri» 
in  -001". = SMsonema  moOe,  SD.  iL  p.  77, 
^68. 1 865.  Britain.  O012"  to -0016". 
The  naviculBB  are  yeiy  like  those  of  3f. 
hehrmUhosumy  but  the  form  and  structure 
of  the  firond  are  altogether  di^rent  The 
frond  is  soft  and  flaccid^  but  the  naviculffi 
are  firmly  silicious. 

M.  eUverffens  (S.). — Frond  dmple  be- 
lowy  sparingly  divided  or  by  cohesion 
irregularly  snbmembranous  aboye ;  valves 
oblong-lanceolate^  with  42  stri»  in  *001". 
=  Schizonema  dxtergem,  SD.  ii.  p.  76, 
pL67.  £863.  Lame  Lough.  •0018"  to 
•0018".  Remarkable  for  the  difiiised 
arrangement  of  the  primary  divisions. 
The  roeciee  is  doeely  lulied  to  3f.  SmMii 
and  M,  tarquaium, 

M.  sirotpermum  (K).  —  Frond  rather 
stoat,  rigid,  olive,  cartilaginous,  much 
branched;  branches  unequal,  irregular, 
curved,  setaceous;  nayicmiB  lanceolate, 
in  dense  series,  often  inflated  into  glo- 
bose; «permatia  concatenate.  KA.  p.  109. 
ssSchizonefnasiromfermunij'JiS.e,  England. 
Perhaps  a  state  of  Jf. /^^^Am:    1-720". 

M[.  seiaeeum  fK).  —  Frond  setaceous, 
cdive,  rigid,  suodichotomous ;  branches, 
lateral  and  terminal,  abbreviated,  spine- 
like ;  nayiculas  in  crowded  series;  valves 
lanceolate,  acute.  KR  p.  117,  pL  25. 
1 2,  S.^Sckisonema9eUu}eumy  Me.  Adri- 
atic Sea.  1-720"  to  1-606".  Spermatia 
elHptic-globose. 

M.  oorymbosum  (Ag.,  K.).  —  Frond 
arborescent,  rather  stout  at  the  base. 


firm,  rigid,  yellowish,  much  branched; 
branches  setaceous,  rigid,  here  and  there 
corymbose;  naviculie  in  distinct,  dose 
senes;  valves  elliptic-lanceolate.    KR 

LI  17,  pL  27.  f.  9,sz8chi[onema  corym" 
ium,AD.  p.2L    England.    1-060". 

M.  hydrwiidei  (K). — ^Fronds  greenish 
or  brown,  ultra-setaceous,  rigid ;  branches 
elongated  j  ramuli  &scicuLated,  capillary ; 
naviculaD  m  close  series,  minute,  rather 
broad ;  valves  with  rounded  ends,  a 
Schmmema  hydmraide^  KB.  p.  114  pL  26. 
f.7.    HeligolMid.     1-1380". 

M.  Bryofms  (K). — ^Frond  green,  seta- 
ceous, rigid^  branched;  branches  scat- 
tered, supenor  ones  patent,  obtuse ;  na- 
viculsd  oblong,  truncate  in  front,  and 
rounded  in  lateral  view.  =  Schizonema 
BryoptU,  KB.  p.  11^  pL  26. 1 8.  Heli- 
goland.    1-680". 

M.  trichocephalum  (K). — ^Frond  green- 
ish-yellow, lulaa-setaceous,  rigid,  tufted, 
spannglv  branched;  inferior  branches 
scattereo,  simple ;  terminal  ones  crowded, 
curved,  subulate,  capitate ;  navicul»  in 
very  close  series,  nunute.  as  Schizonema 
trichocephalum^  KB.  p.  114>  pL  27.  f.  8. 
Heligoland.    1-1440". 

M.  capitatum  (K). — ^Frond  pale  green, 
setaceous;  branches  elongated,  slender, 
virgate,  with  a  corymbose,  ci^itate,  acute 
apex ;  nayicuhe  in  distinct  senes,  minute ; 
valves  lanceolate.  ^  Schizonema  capita^ 
^m,KB.p.ll4pL27.  f.4  Heligoland. 
1-1200". 

M.  myxaeanihum  (K).  —  Less  stout 
than  M,  corymboeum,  gelatino-cartila- 
ginous,  pale  brown ;  branches  diverging, 
attenuated  at  the  base,  digito-multifid 
at  the  apex;  diyisions  pi^nt,  acute; 
series  of  lanceolate  naviculsB  at  base 
few  and  loose,  above  more  numerous, 
crowded  at  the  apex.  KB.  p.  117,  pL  24. 
f.  8.  =s  Schizonema  myxaoanthum,  Me. 
Adriatic  Sea. 

M.  aureum  (K). — Frond  arborescent, 
setaceous  at  base,  rather  rigid,  ochra- 
ceous-yellow,  much  branched,  fostigiate ; 
branches  capillary,  pale,  mucous;  series 
of  naviculffi  and  tubes  distinct,  crowded ; 
valves  lanceolate.  KB.  p.  117,  pi.  27.  £  a 
s  Schizonema  aureum,  Me.  Sidmonth. 
1-960". 

M.  obiueum  (Grev.).  —  Frond  robust^ 
setaceous,  elastic,  firm-  irregularly  dicho- 
tomous,  with  rounded  axils  and  obtuse 
apices ;  naviculffi  minute,  crowded  in 
irregular  files;  valves  elliptic-oblong. » 
Ajteofiwna  o6<u»Mm,  Grey  BF.  vi  pL  302 ; 
SD.  ii  p.  78,  pL  5a  f.  86a  Britain. 
The  naviculffi  are  excessively  crowded, 
and  we  are  uncertain  whether  this  spe- 
3o2  ^  T 
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cicfi  ought  not  rather  to  be  placed  in 
Schizonema.  ''Frond  thicker  than  a 
hog*8  bristle,  and  nearly  of  eaual  diameter 
throughout:  colour brownish-yellowy be- 
coming yellowish-green  in  dying.  A 
handsome  and  dStinct  species,  well 
marked  by  its  roundish  axils  and  obtuse 
apices  "  (Harvey). 

M.  BlyUii  (A^.).  —Frond  elongated; 
filiform,  many  times  irr^ularly  oicho- 
tomous,  with  rounded  axDs,  cylindrical, 
not  attenuated;  naviculsd  in  numerous 
parallel  series.  AD.  p.  23.  =  Sckixonema 
jBlyUUf  Me.  Norway.  An  elegant  and 
remarkable  species ;  fronds  erect. 

M.  meBoglaoidea  (K.).  —  Frond  stout, 
very  gelatinous,  greenish,  irregularly 
branched;  branches  dense,  numerous, 
imequal;  ramuU  incrassated  at  the  i^x, 
patent;  naviculss  rather  irregularly  ag- 
gregated, dense ;  valves  with  attenuated 
apices.  =  Schizonema  mesoglceoides,  KA. 
p.  103.    Aberdeen.    1-600". 

M.  humHe  (K.). — Frond  parasitic,  very 
short,  tufted,  erect,  subramose ;  branches 
with  obtuse,  hyaline  empty  apices; 
naviculffi  acute,  linear-lanceolate,  ar- 
ranged in  two  to  four  series,  s  Sckko- 
nema  kumOe,  KB.  p.  Ill,  pL  23.  f.  7. 
Adriatic  Sea.  NaviculsB  in  front  view 
linear,  truncate.    1-1200". 

M.  papiUo9um  (Me.).  -^  Frond  para- 
utic,  small,  very  mucous,  green;  fila- 
nients  ultra-setaceous,  subsimple  or  fur- 
nished with  acute  s^iniform  ramuli, 
everywhere  covered  with  very  minute, 
regularly  disposed  papilke ;  valves  nar- 
row-elliptic, rather  oituse,^  Schizonema 
papiUomm,  Me.  p.  452.  Dalmatia.  Na- 
viculsB  in  series,  four  times  as  long  as 
broad,  in  front  view  slightly  elliptic, 
with  truncate  ends.  The  papillee  appear 
hemispherical  or  slightly  conicid,  and 
are  arranged  in  quincunx.  Me. 

M.  Statianum  (Me.,  K.). — ^Fronds  pa- 
rasitic, gelatinous,  green  or  ffreenish- 
brown;  filaments  setaceous,  eionjfated, 
irregularly  branched;  brandies  diverg- 
ing, short;  navicul»  in  series,  six  times 
as  long  as  broad;  valves  elongated- 
elliptic,  obtuse.  KA.  p.  106.  =  SchisKh- 
nema  Stalianum,  Me.  p.  452.  Dalmatia. 
Is  very  mucous  and  aoheres  strongly  to 
paper;  naviculn  in  front  view  exactly 
Bnear.     1-420"  to  1-860". 

M.  Carinaldi  (Me.). — ^Frond  parasitic, 
small,  green;  filaments  subsimple,  se- 
taceous; frustules  minute,  five  times 
as  long  as  broad ;  valves  narrow-ellip- 
iic.ss  Schizonema  Corinaldi,  Me.  p.  458. 
Marseilles.  Navicuhe  in  series,  in  frt>nt 
view  exactly  linear.  The  threads,  slightly 


mucous,  are  usually  simple;  tiie  few  la- 
mifications  are  abort  and  divaneate,  M& 

M.  fastigatum  (K\ — ^Frond  setaoeooi, 
olivaceous,  much  oranched;  nltiDiste 
branches  subcorymboee,  with  lancecklate- 
acuminate  apices;  naviculse  minnte,  ob- 
long, obtuse,  in  loose  series.  KA.  p.  106L 
Torquay.    Secondary  tubes  obsolete. 

M.  medusinum  (K\  —  Frond  cartOa- 
gino-gelatinous,  hyaline,  brown,  toi;g;id 
at  the  base,  separated  at  the  apex  into 
nenicillate  fibres;  series  of  navicobe 
loosely  entangled,  intermixed  with  flex- 
uoee  lonjritudinal  fibres.  KR  p.  118, 
pi.  25.  f.  6.  =  Schizonema  medutiiKumf  Me. 
Adriatic  Sea.    Valves  lanceolate. 

M.  hyaUnum  (£[.). — Frmd  colonrieas, 
hyaline,  ffelatino-cartilaginona,  soft,  seta- 
ceous at  base,  mudi  branched;  branckes 
attenuated,  c^illary,  empty  at  the  a^ex : 
series  of  naviculsB  row,  loose,  intennixed 
with  a  few  fibres;  navicidss  minate; 
valves  oblong-lanceolate,  obtuse.  ER 
n.  117,  pL  24  f.  ^.^Schkonemak^idmmm, 
Me.  Adriatic  Sea.  Naviculas  1-960^  to 
1-780" ;  in  front  view  truncate. 

M.  teneUum  (K).  —  Frond  cokmileiB, 
hyaline,  gelatino-cartilaginoos,  setaceous, 
branched,  subdichotomous ;  bnndKt 
delicate  and  empty  at  the  apex ;  aerie* 
of  slender  naviculsB  and  internal  tnfan 
distinct.  KB.  p.ll7,  pL24  1 7.=«i- 
zonema  teneOum,  Me.    Adriatic  Sea. 

M.  Svalopus  rELV — Frond  coIouiImi 
and  hyaline  at  uie  oase,  above  greeoisb, 
narrow,  much  branched ;  brandies  £b-  j 
tigiate,  subacute,  full  to  the  apices ;  kwer 
seriee  of  naviculss  lax,  superior  oovrded ; 
valves  lanceolate.  KB.  p.  117,  pL  SS^ 
1 6,^  Schizonema  Syahputj  Me.  AdzHJ 
atic  and  French  Seas,  Jersey.  Intosilj 
tubes  obsolete;  naviculsd  in  froot 
oblong,  truncate;  spennatiA 
globose. 

M.  ladniabum  (Harvey).  —  Fraud  »* 
bust,  setaceous  below,  incrassated  abor^ 
very  tender  and  gelatinoas,  deft  iniM 
numerous  tapering  branches;  narinlA 
very  minute,  in  close  files ;  valres  r"^"^ 
tic-lanceolate,  obtuse. = Sdmsmeme 
niatum,  Harv.  Man.  p.  210;  SB.  il  p- 
pi.  50.  f.  371 ;  8.  ecoparium^  KE  p.  H 
pL  27.  f.  7.  Europe.  Frond  deft  ibov 
into  numerous  irregular  jagged 
1-600". 

M.  paraeiticum  (Griff,  K,).— - 
j^tinous,  capillary,  tuned,  mack 
mtricately   branched   from   tbe  bt^i 
branches  fiexuoee,  with  rounded 
frustules  crowded  in  distinct  fiJes;  «j^ 
lanceolate,  acute.  KB.  p.  116.  pi  37.  ti 
=  Schizonema  parasiticum^  wf.  »« 
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p.  218 ;  SD.  u.  p.  79,  pi.  60.  f.  371.  Eu- 
rope. Colour  pale  yellowish,  sometimes 
brownish.    Naviculae  1-1380". 

M.  incestens  (Montague).  —  Fronds 
parasitici  minute,  lubricous,  brown, 
opaaue,  fasciculated;  filaments  dilated 
at  tne  base,  difiusely  ramose ;  branches 
anastomosing ;  naviculae  large,  in  one  or 
two  9Gnes,ssSchiz€nema  inrestens,  Mont 
Annales  des  ScL  Nat.  1850,  p.  306. 
Guiana.    Naviculae  with  two  nudei. 

M.  mucositm  (K.). — ^Frond  soft,  highly 
mucous:  filaments  contiguous  and  con- 
fluent; branches  irregular;  naviculae  in 
few  files;  valves  elliptic-oblong,  with 
rounded  ends,  delicately  striated.  =  <$ScrAi- 
tonema  mucommy  KB.  p.  116,  pi.  26.  f.  9 ; 
SD.  ii.  n.  76,  pi.  67.  £  360.  Adriatic  Sea, 
England.  This  species  can  scarcely  be 
the  Sckkonema  tenue  of  Agardh,  as 
Kiitzing  has  supposed. 

M.  parvum  (Me.). — Frond  olive-green, 
mucous;  filaments  hyaline,  simple  (P), 
much  entangled  and  curved;  naviculae 
in  distinct,  loose,  oblique  or  straight 
series ;  valves  lanceolate,  s  Schizonema 
parrum,  MeKA.  p.  100.  Venice,  Cay- 
enne. Naviculae  m  front  view  linear, 
rectangular.    1-1200". 

M.  Meneghinn,  —  Frond  green,  very 
ffelatinous;  filaments  very  hyaline,  lu- 
bricous, iastigiately  divided  and  laci- 
niated;  naviculae  lanceolate,  in  loose, 
rather  distant  ^mes,^ Schizonema  bom" 
hydnum,  Me  KA.  p.  100.  Venice. 
1-1200". 

M.  JSRUsmgH  —  Fronds  tufted,  intri- 
cate^  much  branched ;  filaments  hyaline, 
with  rather  acute  apices;  naviculae  in 
distinct  series ;  valves  lanceolate,  acute. 
=s  Schizanemajioccosumy  KR  p.  1 13,  pi.  24. 
f.  3,  Germany.  Naviculae  in  front  view 
oblong,  truncate.     1-600". 

M.  cridpum  (Mont.).  —  Fronds  small, 
crisped,  capilluy,  green,  branched :  fila- 
ments obtuse,  dilated  and  multifid  at 
the  apex ;  naviculae  very  minute,  much 
CTOwaedin  obsolete  series.  sS?Aiizon«ma 
tfri«wim,KRp.ll3,  pL29.  £71.  Auck- 
land Islands. 

M.  plumosum  (K.).  —  Frond  tuft;ed, 
wavy,  rather  curled,  green,  fastigiately 
bfanched ;  filaments  densely  filled  at  the 
ends,  dilated,  multifid ;  naviculae  distinct, 
very  minute :  valves  oblong-elliptic,  with 
rounded  enos.  a  Schizonema  plumoeum, 
KB.  p.  113.  pi.  26.  f.  1.  Europe.  Navi- 
culae in  front  view  oblong,  truncate. 
1-1440". 

M.  Zanardwm  (Me.). — Frond  very  fine, 
pale  green ;  filaments  capillary,  graaually 
separating    into   corymbose   arachnoid 


branches  of  one  series ;  naviculae  in  loose 
series,  four  times  as  long  as  broad; 
valves  eUi'piic^  Schizonema  Zanixrdimiy 
Me.  p.  463.  Venice.  Naviculae  in  front 
view  exactly  linear.  Fronds  in  globular 
tufts,  whicn,  dried  upon  paper,  form 
uniform  spots,  in  which  the  separate 
threads  can  only  be  distinguishea  by  a 
lens.  In  its  mode  of  ramification  it  re- 
sembles M.Jlagettiferumf  Me. 

M.  fiageuiferum  (K.).  —  Fronds  very 
minute,  tufted,  parasitic,  floccose,  capil- 
lary; branches  erect,  separated  at  the 
apex  into  flagelliform  fibres;  series  of 
the  very  minute  naviculae  and  intemid 
tubes  distinct  KB.  p.  116,  pL  24.  f.  4. 
=  SchizonhnaJUigeUiferum,Ue.  1-1920" 
to  1-1660". 

M.  Jloccosum  (K.).  —  Frond  minute, 
subcapillary,  branched,  rather  delicate, 
gelatinous;  series  of  the  long,  obtuse 
and  truncate  naviculae  and  internal  tubes 
verv  distinct.  KR  p.  116.  Adriatic  Sea. 
1-720". 

M.  intricatum  (K.).  —  Frond  delicate, 
snbgelatinous,  nebulose,  pallid  yellow, 
irregularly  branched ;  branches  patent, 
upper  ones  abbreviated;  series  oi  navi- 
culae loose,  intermixed  with  verv  fine 
longitudinal  fibres;  naviculae  oolong, 
obtuse,  very  minute.  KB.  p.  116,  pi.  26. 
f  6.  =  Schizonema  intricatuniy  Me.  Eng- 
land.    1-1440"  to  1-680". 

M.  homhycinum  (K.). — Frond  pale  vel- 
low,  contorted,  twisted,  much  brancned, 
capillary;  naviculae  remotely  concate- 
nate, inconspicuous,  and  very  minute. 
KB.  p.  116,  pi.  26.  f.  6.  =  Schizonema 
homhycinum^  Ale.   Europe,  (xrv.  43, 44) 

M.  ?  Agardhii  (E.).  —  Naviculae  very 
narrow,  acute,  arranged  in  a  simple 
series  within  a  proper  tube ;  tubes  fas- 
ciculately  joined  into  a  filament.  =  iSbAt- 
zonema  Agardhii,  E  Inf.  p.  238,  pi.  20. 
f.  16.  North  Sea.  (x.208.)  Professor 
Kiitzing  unites  this  species  with  M.  horn- 
hycinum'y  but  the  frustules  are  apparently 
(judging  from  the  respective  figures) 
much  larger. 

M.  patens  (K.). — Frond  minute,  para- 
sitic, floccose-capillary,  soft,  gela^ous ; 
branches  divergent  or  patent,  with  ob- 
tuse apices;  series  of  naviculae  and  in- 
ternal tubes  distiact ;  naviculae  very 
minute.  KB.  n.  116,  pi.  24.  f.  b.^Schi- 
zonema  patens,  Me.     1-2400". 

M.  lineatum  (K.).— Frond  decumbent, 
intricate,  capillary,  olivaceous,  tenacious, 
lubricous,  subramose;  branches  at  the 
apex  attenuated,  curved,  rather  obtuse; 
series  of  the  very  minute  lanceolate 
naviculae  distinct.    KB.  p.  116,  pi.  23. 
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14b  8Mun%«nui  Uneaium,  Me.  Dal- 
matia.    1-1320"  to  1-1300". 

M.  graeiUimum  (S.). — ^Frond  capillaiy. 
nmple  below,  sparinglj  branched  ana 
gnbmembranous  towaras  the  ibices;  na- 
Yicuhe  crowded  in  irregular  files  \  yalyee 
lanceolate,  acute,  s  Scmxonema  graeUU- 
muntj  SD.  ii.  p.  70,  pL  69.  £  372.  Tor- 
quay.    -0000". 

M.  lUuricum  (K). — ^Fronds  formmg  a 
dull-,  obscure-green,  mucous,  intricate 
stratum;  filaments  very  fine,  simple  (P), 
•oft,  hyaline ;  nairiculsB  acuminate,  lan- 
oeokt^  in  dense  series,  indistinct  when 
dne±^Schk(memaIUyrieumf  KB,  ^,111, 
pL22.  f.3.   Trieste.   1-1680"  to  1-1440". 

M.  tmnuium  (K.).  —  Frond*  parasitic, 
very  short,  fine,  decumbent,  subramose ; 
branches  tapering  to  acute  apices ;  nayi- 
ctdsB  acute,  lanceolate,  in  few  (2  to  4) 
series,  s  Schkonema  mmutum,  KB.  p.  Ill, 
pL  23.  £  6.  Adriatic  Sea.  Naviculn  in 
front  view  linear.    1-1176". 

2*  Ihmd  compo9ed  of  tubes  hnffitudi-' 
nauy  conneeteeL 

M.  comaidea  (Ghrev.). — ^Filaments  dirly 
brown,  coarse,  membranaceous,  elongateo, 
twisted,  composed  of  parallel  tubes; 
frustules  crowded;  Talves  oblong-lan- 
ceolate; stri»  48  in  001".  si  SM^nema 
comoides,  Grey,  (scarcely  of  Agaidh, 
certainly  not  the  Conferva  comoides  of 
Dillwyn)  ;  Hook.  Br.F.  p.  413;  SD.  ii 
p.  76,  pL  67.  f.  368 :  Schmmema  araneo^ 
8um,  KB.  p.  113,  pL  26.  f.  9.  Flat  rocks, 
often  in  vast  quantities.  It  is  very  re- 
markable that  this  coarse,  dirty-looking 
species  should  ever  have  been  confounded 
with  the  Conferva  comoides,  DUlw.  The 
latter,  we  were  assured  by  Mr.  Dillwyn, 
was  totally  unlike  the  present  species, 
and  was  correctly  described  by  him. 
Unfortunately  Mr.  Dillwyn  was  unable 
to  find  an  original  specimen  of  his  spe- 
cies, but  he  believed  that  a  very  slender 
simple-tubed  Schizonema,  of  a  bright 
brown  colour,  which  we  once  found  in 
great  abundance  in  April,  on  the  rocks 
outside  the  Mumble  Lighthouse  near 
Swansea,  was  the  true  Co9^erva  comoides. 
The  present  species  is  usually  twisted  in 
a  rope-like  manner,  retains  its  colour  in 
drying,  is  very  opaque,  and  does  not 
adhere  to  paper. 

M.  ramosissifnum  (Ag.). — ^Frond  robust, 
firm,  membranaceous,  much  branched; 
branches  short,  swelling  upwards ;  frus- 
tules minute,  densely  arranged  in  diistinct, 
parallel  tubes;  valves  oblong-lanceolate. 
AD.  p.  22.  =  Schizonema  ramosissimmn. 


Harv.  Man.  p. 210;  SD.  iL  p.  78, pL 6^ 
£  369.  Europe.  Somewluvt  leaanblea 
M.  comoides  m  B^ppemncBf  bat  is  Im 
elongated  and  lees  twisted.  Does  not 
adhere  to  paper. 

M.  ignculatum  (Qiey.,  Ag.). — Fnnd 
robust^  ultra-eetaoeous,  cartjlsginom, 
irregularly  diehotomous ;  btanches  with 
clavate  ends,  terminated  by  a  muao; 
secondary  tubes  distinct;  navicule  mi- 
nute, crowded;  valves  lanceolate.  AD. 
p.  ^;  KB  p.  117,  pL  27.  1  la  =  &«. 
tonema  apicuiakmif  AA.  p.  11 ;  Harr. 
Manual,  p.  210.    Scotland. 

M.  cormculatum  (Ag.).  —  Frond  voy 
stout,  cartilaginous,  erect,  rigid,  snbdi- 
chotomous,  much  branched  above;  ulti- 
mate ramuli  subulate  and  apine-Hke: 
navicultt  slende]^  lanceolate,  contained 
in  distinct  seconaary  tubes.  AD.  p.  24 ; 
KR  p.  118,  pL  2a  £2.=Sehiaonema  cor- 
mctdatunty  Me.  Adriatic  Sea.  Babit  of 
a  small  Fucus.    1-600". 

'iLpemdUaium  (Chauv.,  Ag.). — ^Frood 
thick  and  simple  at  the  Inse,  divided  at 
the  apex  into  very  numerous,  penidQate, 
fastigiate,  cf4>illary  branchea.  AD.  p.  23. 
ssSMumemapemeittaUtmyChwaym;  IL 
cormcuUstum  /§,  KA.  p.  100.     FVanoe. 

M.  pdUidum  (Ag.). — ^Frand  polvinate, 
rigid,  subcartuaginous,  stout,  mock 
branched;  ramuli  subeiect,  abbreviated, 
obtuse;  naviculsB  minute,  in  lax  seoes 
within  distinct  secondary  tubea.  AD. 
p.  23;  KB.  p.  118, pL  2a  £  a  =  SMso- 
nema  foiUdum,  Me.  Adriatic  Sea. 
rxiv.  39-42.)  Tufts  hemispherical, 
ciense :  colour  pallid,  verging  on  brown- 
ish yellow.     1-720"  to  1-606". 

M.  chondroides  (K.). — Frond  minute, 
cartilaginous,  dive-coloured;  tenninal 
branches  aggregated,  clavate,  obtuse, 
here  and  there  with  hair-like  qnnes; 
series  of  navicuhe  and  secondary  tabes 
very  distinct,  crowded;  navicular  maa- 
branous,  flaccid,  minute.  KB.  p.  lid, 
pi.  26.  f.  8.  s  Schkonema  ekondroides.  Me. 
Adriatic  Sea.  1-1380"  to  1-1320"'.  Sper- 
matia  immersed,  globose. 

M.  tpineseens  (K.\  —  Frond  dwaifiah, 
setaceous,  slightly  aQated  unwaids ;  ter- 
minal ramuli  acute,  spine^like ;  series  of 
naviculsB  and  secondary  tubes  cwiwded, 
very  distinct;  valves  lanceolate.  KR 
p.  118,  pL  27.  1 11.^ St^tiamema  mines 
eenSf  Me.  Adriatic  Sea.  Navicuue  m 
front  view  oblong,  truncate.  1-800"  to 
1-720".     Spermatia  internal,  globos<^. 

M.  aOncans  (K.).  —  Frond  setaceous 
whitish  or  olive-green;  branches  and 
ramuli  equal  in  dickness^  fitfcicolated 
or  whorled;  navieulsB  in  distinct  s^iee, 
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lanceolate;  secondaiy  tubes  distinct  KR 
p.  118,  pL  27.  f.  12.^ SMumemaallncan8f 
Me.  Adriatic  Sea.  1-1200"  to  1-1080". 
Mene^hini  describes  the  yalyes  as  broadly 
elliptic. 

M.  Berkdeyi  (K.).~Frond  tufted,  dull 


oliye-brown ;  filaments  setaceoas,  rather 
rigid,  branched ;  branches  erect,  attenu- 
ated; naviculie  lai^;  yalyes  elliptic- 
oblong,  in  very  distinct  secondaiy  tubes. 
KA.  p.  106.  Torquay.  Navicula  in 
front  view  parallelogramic.    1-1080". 


FAMILY  XIX.— ACTINISCE^. 

Individuals  silicioiis,  furnished  with  radiating  spines.  Marine.  The  Acti- 
niscesB  bear  little  or  no  resemblanoe  to  the  Diatomaceae,  and  ou^t  to  be  ex- 
daded  from  them.  M.  de  Br^isson  thinks  they  would  be  more  appropriately 
placed  near  the  ArceUa,  Euglypha,  or  some  allied  genus.  On  the  other  hand, 
Professor  Bailey  would  refer  them  to  the  Polycystina. 

Genus  ACTINISCU8  (Ehr.).— Frustules  solid,  star-like.  Actiniscus  diflfers 
from  Dictyocha  and  Mesocena  in  having  a  solid  centre  or  body  frx>m  which 
rays,  varying  in  number  and  form,  diverge. 


Actiniscus  Siriua  (E.).  —  Rays  6, 
acute,  winged  at  the  base.  EM.  pL  83. 
15.11.  1-1150".  Alive, Norway;  fossil, 
America.  The  rays  seem  to  arise  from 
the  disc,  and  not  from  the  margin. 

A.  Pentasterias  (R). — ^Rays  6,  acute, 
not  (or  but  partially)  exserted.  EM 
pL  85  a.  23.  f  L  1-1150".  AHve, 
Norway  j  fossil,  Greece  and  America. 

A.  Tetrasierias  (E.).— Rays  4,  acute, 
not  (or  but  partially)  exserted.  EM. 
pL  18.  {.  62.  1-1008^'.  Viryinia.  The 
last  two  forms  may  be  varieties  of  A, 
Sirku, 

A.  P  SUUa  (E.).  —  Stellate,  with  6, 
mai^gpbDuil,  obtuse  rays  or  teeth.  sDiie/^ 


ocha,  R  183a  Fossil  Europe  and 
Africa. 

A.  P  qmnariw  (R).— Stellate,  with  5, 
marginal,  obtuse  rays  or  teeth.  1-3120^'. 
FossiL    .^Egina. 

A.  P  RfOa  (R).— Wlieel-like,  with  10, 
shOTt,  obtuse,  spoke-like  rays.  1-1020^'. 
Oran. 

A.P  Discus  (E.). —  Disciform;  centre 
smooth  \  rays  8,  marginal,  not  exserted. 
1-2304''.  Oran.  According  to  Ehren- 
berg,  the  last  four  species  may  belong  to 
Phytolitharia. 

A.  P  Laneearius  (R).— Stellate,  with 
8  exserted,  lanceolate  ravs,  and  some 
central  shorter  ones.    l-24k)". 


Genus  DICTYOCHA  (Ehr.). — Prustulee  firee,  spinous,  reticulately  per- 


forated; foramina  large. 

•  Foramina,  or  ceUs,  two  or  three. 

Dictyocha  PorUiadus  (E.).  —  Frus- 
tules oblong,  imarmed,  transversely 
divided  into  2  cells.  1-432".  Fossil. 
Bermuda. 

D.  Quadratum  TE.).— Sub^uadrate  or 
oblong,  transverselv  divided  mto  2  cells, 
a  spine  at  eacli  end.  1-480".  Bermuda. 
These  two  forms  were  first  observed  and 
iigured  by  Professor  Bailey. 

D.  Ptms  (E.).— Roundish,  with  2  cells 
and  4  spines.     1-504".    Oran. 

D.  tnacantha  (R).— Trianguhir,  with 
spinous  angles ;  cells  3,  unarmed.  Mary- 
land. . 

D.  tripyia  (R).  —  Roundish,  with  4 
irregular  spmes;  ceUs  3,  unarmed. 
I.4S2".    Oran. 

D.  trifenedra  (R).  —  Quadrate,  4- 
spined;  cells  8.  dentate.  Recent  and 
foesiL     (XV.  35.) 


D.  Abyssarum  (E.). — ^Frustules  trian- 
gular, with  2  cells ;  spines  3 ;  1  cell  fur- 
nished with  an  internal  tooth.  EB. 
1854,  p.  238.     Atlantic. 

2*  Diamond-shaped  or  quadrate  ;  4- 
spined ;  foramina  4  or  more, 

D.  FUmla  (E.).  —  Cells  4,  unarmed. 
l-115a'  to  1-5W'.  Recent  and  fossil 
(XV.  340 

D.  Bpiodon  (R).  —  Resembles  D. 
FibuiUj  but  the  cells  are  furnished  with 
a  tooth.    Recent  and  fossil 

D.  abnormis  (E.). — Cells  5,  unequal, 
all  marginal.    1-1080''.    FossU. 

D.  Cmr  (E.").  —  Four  unarmed  ceUs 
round  a  central  one.     1-624".    FossiL 

D.  Staurodon  (R).  —  Resembles  D. 
Crttx',  but  each  marginal  cell  bears  a 
tooth.     1-576".    FosmI.    Virginia. 

D.  mesophthainui  (R).  —  Resembles 
the  two  preceding  species ;  but  each  mar- 
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ginal  cell  has  2  opposite  teeth,  which 
constrict  it     1-872?'.    Fossil     Sicily. 

D.  6t>ar<»te(;E.).-— Resemhles  D.  Crux, 
but  has  2  minute  cells  in  the  centre. 
1-604".    Fossil.    Oran  and  Sicily. 

D.  mperttmcta  (E.). — Spines  4:  cells 
9, 4  marginal.     1-60(7'.    FossiL    Sicily. 

3*  Spines  6  (2  tmtaUy  longer), 

D.  hitemaria  (E.).— Cells  6,  all  mar- 
^nal,  the  3  lararest  next  each  other. 
1-432".    Antarctic  Ocean. 

D.  Hexathyra  (E.).~Cell8  6,  6  mar- 
ginal and  1  central.  1-804  FossiL 
Sicily. 

D.  Speculum  ^E.). — Six  unarmed  cells 
round  a  central  one.  Common,  both 
recent  and  fossil.    1-860".    (xn.62,63.) 

D.  gracilis  (K.).— Resembles  D.  JS^ 
culum ;  but  the  spines  are  elongated  and 
slender.     Recent. 

D.  diomtnata  (E.). — Six  unarmed  cells 
round  2  central  ones.  1-660^.  Fossil. 
Virginia. 

D.  aculeata  (E.).— Resembles  D.  S^ 
culum;  but  each  marginal  cell  bears  a 
tooth.     Common,  both  recent  and  fossil. 

D.  Binocuhts  (E.).  —  Resembles  D. 
aculeata,  but  has  2  minute  cells  in  the 
<jentre.     1-444".    FossiL    -^Egina. 

D.  ubera  (E.). — Cells  unarmed,  7  mar- 
ginal and  2  central.    1-600".    Maryland. 

U.  triommata  (E.). — Cells  imarmed, 
6  marginal  and  3  centraL  1-864". 
Virginia. 

D.  Haliomma  (R).— Cells  10,  7  mar- 
ginal  and  3  centnd.     1-840".    Oran. 

D.  heinispheerica  (E.). — ^Hemispherical. 
6-8pined  ;  12  cells,  in  two  circles,  roima 
a  central  one ;  the  inferior  aperture  half 
closed  by  6  marginal  teeth.  1-744". 
Bermuda.  D.  triommata  and  D.  diom- 
mata  resemble,  in  their  turgid  habit^ 
this  species. 

4*  Spmes  more  than  6. 
D.  septenaria  (R). — Spines  7)  cells 


unarmed,  7  maiginal  and  1  centraL 
1-864".    Oran. 

D.  Omafnentum  (R). — ^Resembles  D. 
septenaria ;  but  each  mai^ginal  cell  bears 
a  tooth.     1-444".    Fossil.     Sidly. 

D.  Jieptacanthus  (R).— Spines  7 ;  ceUB 
13,  7  of  them  mazgbmL    1^552".   FosdL 

D.  octonaria  rR).— Habit  of  2>.  Orma- 
mentuntj  with  8  spines:  marginal  oeDs 
irregular,  fewer  in  nunoLDer  at  that  port 
where  the  spines  are  increased,  and  with 
a  yery  large  central  ceU.  1-1152"  ex- 
clusiye  of  spines.  Perhaps  a  monstniiia 
varie^  of  A  Omamentum, 

D.  Staurac€Mthus  (R). — Eight-sphied : 
4  marginal,  dentate  ceUs,  round  a  central 
one.    1-648".    Fossil.    America. 

D.polyacHs  (R).— Rays  9  or  10;  10 
margmal  cells  and  1  central,  arranged  in 
a  reticulate  stellate  form.   In  chalk-mail. 

5*  Pentagonal:  angles  aeuie,  Ind  not 
spinous. 

D.  elegans, — ^Pentagonal,  perforated  by 
numerous  small  cells  and  7  central  laige 
ones,  of  which  one  occupiee  the  centre. 
1-912^.    FossiL    CaltamsettB)  Sicily. 

Doubtful  or  obscure  Sjpecies. 

D.  Navicula  (R).— Cells  8 ;  figure  ob- 
long, obtuse,  cylindrical,  reticuhr,  with 
a  median  septum  like  a  Navicula.  Fossil 
in  chalk  marL  Ehienberg^s  figure  re- 
sembles D,  Pcmticukts, 

D.  P  splendens  (R).— ^Uong,  tabular, 
with  dentate  apertures  (cells),  13  in 
number.  K  it  be  calcareous^  it  is  similar 
to  Coniopelta. 

D.  anacantha  (E.).  —  Resembles  D. 
Speculum,  with  obsolete  spines.  ER 
1854,  p.  238.  North  America.  Periiapa 
a  variety. 

D.  Erebi  (R).— Resembles  D.  ^ee^ 
hm.  with  smidl,  subequal  spines ;  walls 
of  the  cells  thin.  E.  /L  c  North  America. 
A  doubtfol  species;  perhaps  a  variety. 


Genus  MESOCENA  (E.).— Frustules  free,  each  forming  a  ring,  ^diich  is 
mostly  margined  with  spines  or  teeth.  Mesocena  resembles  Dietyocha,  but  is 
destitute  of  its  central  reticulation. 


Mesocena  h^tagona  (E.). — Frustules 
annular,  with  7  external  teeth.  EM. 
pi.  20.  1.  f.  49.  (xn.  71.)  Actiniscus  P, 
E.    Peru. 

M.  octogona  fE.). — ^Frustules  annular, 
with  8  external  teeth.  Peru.  As  this 
form  difiers  from  M,  heptagona  merely 
by  its  additional  tooth,  it  is  probably  a 
variety. 


M.  hisodonaria  (R). — ^Fnistules  annu- 
lar, with  8  external  teeth,  and  as  many 
internal  ones  alternating  with  them. 
=  M.  hioetanarioy  KA.  p.  142;  EM. 
pi.  35  A.  la  f.  10.    In  Peruvian  guano. 

M.  hinonaria  (E.). — ^Friiatules  annular, 
with  9  external  teeth,  and  as  many 
internal  onea  alternating  with  them. 
EM.  pL  85  A.  la  f.  9.     In  Peniviaa 
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g^uano.  Probably  a  rariety  of  the  pre- 
ceding species. 

M,  Circulus  (R). — Cell  circular;  mar- 
ffin  tubercTilated.  1-576".  EM.  pi.  19. 
£  44.    In  Greek  marL 

M.  Diodon  (R). — In  the  form  of  a 
smooth  elliptic  ring,  armed  at  each  end 
^th  a  small  tooth.  1-396".  EM. 
pL  88.  16. 1  18.    Maryland. 


M.  eOip^ica  (R).  •— Frustules  elliptic, 
with  4  teeth.  1-624"  to  1-466".  EM. 
pL  20.  1.  f.  44    Fossil    Zante. 

M.  trianguia  (R). — ^Triangular,  with 
rough  sides,  and  mucronate  apices.  EM. 
pL  22.  £  41.    Fossil,  chalk-marl. 

M.P  8p<mg%omk  (E.).--An  elliptic 
ring,  with  4  slight  alternating  swellings. 


GEKERA  OF  DOUBTFUL  POSITION, 

Genus  EUCAMPIA  (Ehr.).  —  Fruatules  hyaline,  imperfectly  silicious, 
cuneate,  without  terminal  puncta,  united  into  a  jointed,  spiral  filament. 
Marine.  This  genus,  placed  by  Ehrenberg  and  E^utang  witii  die  Desmidieae, 
was  judiciously  removed  by  Professor  Smith  to  the  Diatomacese,  with  which 
it  agrees  in  structure  and  in  the  colour  of  internal  matter.  Professor  Smith, 
however,  considered  it  allied  to  Meiidion  ;  in  our  opinion  it  is  more  nearly 
related  to  the  Biddulphiese,  as  shown  by  the  absence  of  costse  and  terminal 
puncta,  its  dotted  valves,  and  their  prominence  in  the  front  view. 

£  2©9.    Europe,    (n.  480 

R  Britanmea  (S.). — ^frustulee  cune- 
ate, not  excavated.^  SD.  IL  p.  26,  pi.  61. 


f.  878.    Europe.    Stomach  of  Pectens. 


£t7Cahpia  Zodiacus  (E.). — Frustules, 
in  front  view,  with  the  junction-margins 
deeply  sinuated,  so  as  to  form  foramina 
between  the  joints.  E.  Leb.  EJreide- 
thierchen,  pL  4  £  8;  SD.  iL  p.  25,  pL  60. 

Genus  LTTHODESMIUM  (Ehr.).— Frustules  not  cellulose,  united  into  a 
jcdnted,  prismatic  wand ;  valve  triangular,  with  one  side  plane,  and  the  others 
undulated.  lithodesndum  was  placed  with  the  Desmidieae  by  Ehrenberg, 
and  with  the  DiatomacesB  by  Kiitzing.  Its  non-cellulose  structure,  however, 
prevents  our  associating  it  with  the  Anguliferse,  as  proposed  by  the  latter. 


thierchen,    1840,    p. 
Marine.    Cuzhaven. 


76,  pi. 


4  f. 
42.) 


la 


LjTHODESMnTM  undtdoium  (R).  — 
^Frustules  smooth,  very  pellucid ;  valves 
v^tli   obtuse  angles.    R  Leb.  Ereide- 

Genus  MICBOTHECA  (Ehr.). — ^Frustules  simple,  free,  compressed,  qua- 
drate. Plac^  by  Ehrenberg  and  Kiitzing  with  the  Desmidieee.  We  remove 
it  to  the  Diatomacece,  because  of  its  marine  habitat  and  golden  colour ;  little, 
however,  is  known  about  it,  and  its  nature  is  doubtfol. 


■  MiCBOTHECA  octoceras  (E.).  -—  Cell 
quadrate,  hjaline,  with  four  spines  at 
each  end;  mtemal  matter  of  a  golden 


colour.      E  Inf  p.  164,  pL  12.  £ 
Marine.    Kiel.    (vm.  31.; 


la 


ADDEin)A  TO  THE  DIATOMACEiE. 

Cyclotblla  pertenuis  (B.). — ^Valves  I  cellulate  or  punctate:  cells  radiant    B. 
minute,  slightly  convex;  sumce  minutely  |  on  Mic  Forms  in  the  Sea  of  Kamtschatka. 

The  following  corrections  and  addition  to  Cyclotella  are  adopted  from  Professor 
Amott's  paper  m  JMS.  viii.  p.  244. 

For  C.  cperculata  (p.  811),  substitute : — 


C.  operctdaia  (Ag.,  Kutz.).  —  Ends  of 
firostules  undulate;  valves  with  smooth 
centre,  and  dose,  short  marginal  striae. 
KB.  p.  60,  pL  1.  f.  L^FrusUdia  and 
CyniheRa   opereuUUOf   Ag.f  Fyxidicuia 


opereuUtta,  R    Fresh  water.    Europe. 

[Professor  Amott  regards  Stephano* 
pyxis  yiagara,KndjaeThKpB  8.  Egi^iiacitSf 
as  identical  with  C.  Astrtea,'] 
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For  C.  redUmgvia  (p.  811),  sobstitate :~ 


C.  Meneghmiana  (K.).  —  Front  view 
rectangular ;  yalvee  minute,  with  smooth 
centre  and  rather  coarse  marginal  stri®. 


KR  p.  60,  pL  80.  £  68.    C.  r^eUmgMia, 
RabU  p.lL    Europe.    Ft«6h  water. 


For  C.  DaUanana  (p.  813),  substitute  :— 


C.  DaUasiana  (Sm.). — Frustules  with 
flat  ends:  yalves  with  bullate^rugose 
centre  and  coarse  marginal  striie.  sD. 
IL  D.  87.  «e.  radiata,  BrL  TMS.  viii. 
pL  o.  £  IL  Brackish  water.  Europe, 
America. 

C.  mimduia  (K). — Frustules  with 
fist  ends ;  Talvee  with  radiating  dots  or 
8tri»  at  centre.    KB.  pL  2.  £  3.  a  C. 


cparcu/dto,  SD.  L  p.  28,  pi.  5.  £  48.  Eu- 
rope. (Eiitzing,  nowever,  describes  hk 
C.  mwutuia  as  imdulate.) 

C.  mUxmauma  (Th.).  —  Ends  of  £ni»- 
tules  undumte;  TalTes  with  oouTex, 
smooth  centre,  and  long  coarse  mar- 
ffinal  striae.  SD.  i.  p.  27,  pL  5.  £  47. 
Braddsh  water.    Europe. 


GoccoNEis  Fmmea,  —  On  careful  ex- 
amination of  soTeral  fossil  deposits  said 
by  Ehrenberg  to  contain  this  species,  we 
can  find  no  form  resembling  the  figures  in 
the  '  Microgeologie,'  excepting  Navicula 


P0DISCU8  P  Penwianus  (Eitton, 
MS.\ — Valve  orbicular,  fineljr  punc- 
tateo,  with  two  smaU.  roundish  sub- 
marginal  processes,  ana  a  submarginal 
series  of  close  minute  apiculi.  Peruyian 
and  Califomiaa  guanos.  We  regard  the 
genus  of  this  Diatom  aa  doubtful.  The 
valve  has  some  resemblance  to  an  Au- 
Hscus;  butthepunctaarenotinflexuose 
lines.  The  processes,  as  seen  in  front 
riew,  are  short  and  subtruncate,  and 
the  circle  of  apiculi  which  connects 
them  shows  an  affinity  to  Cerataulus, 
The  processes  of  the  one  valve  alternate 
with  those  of  the  other,  and  are  often 
risible  at  the  same  time. 

K  P  OrevtUa  (Ral&,  n.  sp.*).— Disc  ob- 
scurely nunctate,  with  (3)  dfavate  intra- 
marginal  processes,  and  a  circlet  of  spines 
between  the  processes  and  the  centre. 
Monterey.  Dr.  Greville.  The  processes, 
which  are  rather  distant^  from  the  mar- 
gin, resemble  those  of  Aulacodiscus,  and 
the  circlet  of  spines  that  of  Systephania ; 
but  the  absence  of  connecting  Imes  re- 
moves it  from  the  former,  and  the  pre- 
sence of  processes  from  the  latter  genus. 

PoDosmA  P  compre8$a  (West).— Frus- 
tule  geminate, freer ;  polar  always  shorter 
than  equatorial  diameter;  valves  elliptic, 
obscurely  punctate;  puncta  scatt^ed; 
angulum  smooth.  Creswell  Sands, 
Druridge  Bay,  Yarmouth  Sands.  West, 
TMS.  viii  p.  150,  pL  7.  £11.  (vni.34.) 
This  form  occurs  pl^itifull^  on  tbe  sands; 
the  frustules  always  occur  in  pairs.  The 
absence  of  stipes  or  any  attadiment,  the 
compressed  valves,  and  the  want  of  a 


thickened  umbilicus,  render  its  poatka 
in  the  present  genus  doubtfoL 

EpiraBMiA  (Eunotia,  R)  Saneti  Jw- 
tonii  s  K  Beatorum  s  DerUicula  ?  laUa 
(BaiL).  —  This  spedee  has  been  fouiui 
by  Mr.  Kitton  in  the  Monterey-stone  and 
Kichmond  deposits;  in  t^e  latter  they 
occur  in  filaments  of  6  and  7  frustules, 
clearly  showing  that  they  are  improperly 
placed  in  the  present  genus,  and  are  pro- 
oably  allied  to  Denticula. 

Navicttla  buQata  (Norman,  n.  sp.), — 
''Elliptical,  extremities  aligntly  pro- 
duced; striiB  in  a  maiginiu  and  two 
central  bands;  marginal  band  of  un- 
equal width ;  the  bluik  spaces  between 
the  granules  studded  with  a  line  of  cir- 
cular bosses;  strise  monilifbrm,  14  in 
OOr.  Stomachs  of  Ascidians,  Shark 
Bay,  Australia  "  (Norman  m  UtL), 

N.  SOHnumorwn  (E.).— Inflated  at  the 
centre;  imices  produced,  rounded,  and 
constricted ;  struB  radiant,  not  rettdung 
the  median  Une.  EM.  pL  2.  2.  £  13.:= 
Pinmdaria  SiUimanorumj  EA.  p.  ISSL 
New  York  deposit  This  species  re- 
sembles Gomphonema  geminatum,  but  is 
distinguished  by  its  less  conspicuous 
striffi  and  equal  ends ;  the  figure  m  EM. 
represents  only  a  fragnnent. 

N.  Cyprinm  (R,  K.).— SmaU;  Talvee 
oblong,  slightly  contracted  into  l^e  very 
broad  obtuse  ends;  central  nodule  ob- 
long ;  stries  evident  KB.  p.  99,  pL  39. 
f,So,=:iPifmulariaOyprinmj  EA.  pL  L  IL 
f.  7.    Chili 

N.  J^eMtckeoM  (Rab.).  —  ResemUes 
N,  eu^^idata  and  A.  rorirataj  but  tbe 
capitate  ends  are  more  prolonged,  and 
the  strifls  are  only  30  in  O01^  Bab. 
Alffen  Sachs.  No.  802.    Dresden. 

AuuLCODiBCUS  SoUttHatms  (No 
MS.). — ^Disc  large,  hvaline,  wi^ 
oonapicuous  processes,  dptant  from  r 
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gin;  granulee  radiating,  not  leacMng 
uie  centre.  9  in  *001'' ;  smooth  round  the 
base  of  the  processes.  Deposit  from 
Nottingham,  Wow  Marylim<L  which 
seems  to  be  identical  with  the  Bermuda 
tripoli,  and  contains  seyeral  forms  pecu- 
liar to  that  deposit  **  (Norman  m  httX 

A.  Barbadensis  (Ralfs,  n.8.).  —  iJisc 
larve,  hyaline^  very  minutely  punctated. 
wi3i  small  umbilicus^  (8)  intramarginal 
roundish  processes,  and  udnt  connecting 
lines.  Barbadoes  aepoeit  Distinguishea 
by  its  yeiy  obscure  puncta.  The  rather 
large  processes,  when  nearly  out  of  focus, 
appear  to  have  a  central  dot. 

Tricbbatium  crenatum  (Eitton,  MS,), 
— Sides  rounded,  nuuvin  crenate;  gra- 
nules radiating  from  tne  pseudo-nodule, 
distinct  at  the  margin,  out  less  con- 
spicuous as  they  approach  the  centre,  s 
JHacoplea  tmdulata,  EM.  pL  83.  la  £  8. 
Nottingham  deposit  The  presence  of 
thejpseudo-nodule  shows  it  to  be  an  ally 
of  T,  BrightwellU ;  but  the  nearly  orbicu- 
lar outline  and  crenate  margin  distin- 
guish it  from  that  species.    The  frag- 


ment figured  by  Ehrenberg  we  have  no 
doubt  is  identical  with  this  form. 

T.  Bowerbankiana  (Ralfs).  —  Valyes 
with  two  concentric  circles,  radiating 
lines  between  the  circles,  distinctly  punc- 
tated anfflee,  and  Uank  or  indistinctly 
punctated  centre.  Barbadoes  deposit 
The  large  valve  has  nearly  straight  sides, 
and  obtuse  angles;  it  is  divided  into 
three  parts  by  two  suture-like  circles, 
the  outer  one  with  a  border  c^  bead-like 
dots,  which  are  most  evident  nearest  the 
sides ;  the  lines  between  the  circles  are 
abbreviated,  only  one  on  each  side  reach- 
ing the  inner  circle. 

CnAB¥EJ>oj>iBCVB  Barbadensis  (Ralfs, 
n.  8.). — ^Border  very  broad,  its  diameter 
greater  than  that  of  the  centre;  cellules 
of  centre  very  minute,  those  of  border 
larger  and  arranged  in  curved,  decussat- 
ing linea  Barbadoes  deposit  Disc 
about  the  size  of  C,  Cosemodtscus,  but 
with  a  much  smaller  centre.  It  mffers 
from  both  that  species  and  C,  microdiscus 
in  having  the  cellules  of  the  border  in 
curved  series. 


Substitute  the  following  descriptions  for  the  notices  of  Cbasfbdodiscus  SkUa 
and  C.  Frankiim  at  p.  882  :— 


C?  i8fe«a(E.).— Valves  hemispherical, 
with  a  very  broad,  smooth,  obsoletely 
radiated  limb,  and  a  small,  finely  cellu- 
lose centre,  having  an  irregular  margin ; 
rays  12,  irregular.  EB.  1865,  p.  238 ;  E 
Ml  pL  85  B.  B.  4  t  IL  North  America. 
On  account  of  its  rays,  this  form  may  be 
Ae  type  of  a  new  ^enus ;  but  they  were 
distinct  only  in  a  single  specimen,  whilst 
in  tiie  greater  numb^  scarcely  a  trace  of 

To  C.  semiplamts  (Bri.),  add : — 

This  Diatom,  which  is  not  uncommon 
in  the  Barbadoes  deposit,  is  no  doubt 
incorrectly  placed  in  this  genus.  In  our 
opinion  it  is  closely  allied  to  Astero- 
lampra,  and  should  either  be  united  to 
that  genus,  or  a  new  genus  formed  to 

To  C.  marffmahu  (BrL),  add : — 

We  consider  that  this  Diatom  also  is 
wrongly  refexred  to  Craspedodiscus,  and, 
notwithstanding  its  large  punctated 
centre,  is  really  more  allied  to  Astero- 
lampra, — ^its  marginal  compartments, 
however,  being  extremely  minute.  In 
the  Baroadoes  deposit  we  find  discs 
sometimes  (as  in  A^terolampra)  without 
any  umbilical  cellules,  and  sometimes 
<with  a  large  ceUulose  centre,  and  these 


them  could  be  detected.    It  approaches 
to  the  characters  of  Symbolophora. 

C.  FrankUni  (E.). — Disc  turgid,  with 
a  deciduous,  broad,  hyaline,  smooth 
marginal  limo,  and  a  very  fine  punctated 
(yellowish)  centre,  having  an  irregular 
margin:  centre  and  limb  of  nearly  the 
same  diameter.  ERBA.  1858,  p.  626; 
EM.  pL  85  A.  2a  f.  6.  Assistance  Bay. 
Akin  to  Coscinodiscw  dudger. 


include  this  and  other  aUied  discs  asso- 
ciated together  in  the  deposit  Mr. 
BrightweU's  specimen  must  have  been 
imperfect,  since  we  find  the  radiating 
lines  invariabljr  correspond  in  number 
with  the  margmal  compartments. 


extremes  so  connected  by  intermediate 
states  as  to  make  it  doubtful  whether 
the  cellulose  centre  is  available  even 
as  a  specific  distinction.  We  hope  Dr. 
Grevilie,  who  has  ^aid  much  attention 
to  these  forms,  will  soon  publish  a 
monograph  of  uiem  in  continuation  of 
his  former  admirable  paper  on  Astero- 
lampra. 
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For  OsASPBDODiscvs  eorofuUus,  subetitute  the  following : — 

Genus  BRIGHTWELUA  (Balfs,  n.  g.).— Disc  with  a  large  gnniikted 
oentroy  separated  from  a  broad  punctated  limb  by  a  circlet  of  oblong  oeUnks. 

We  have  constituted  this  genus  to  receive  a  beautiful  Diatom  placed  by  Mr. 
Brightwell  in  Craspedodiscus,  but  which  diflfers  so  greatly  from  other  Diatoms 
that  we  believe  it  should  form  the  type  of  a  new  one,  wluch,  with  much  plea- 
sure, we  dedicate  to  the  author  of  tlie  excellent  monographs  of  Triceratimii 
and  the  Chaetocerese. 


Bbiohtwbllia  corwuOa  (Bri.,  Ral&). 
—  Central  portion  of  valve  with  an 
irregular  blank  umbilicus  and  radiatinfl" 
series  of  granules,  which  are  closer  ana 
in  curved  lines  near  the  circlet  of  cellules, 
■i  Oratpedodiaeu$  coronahtSf  Bri  JMS. 
viiL  p.  06,  pL  5.  £  6.  Barbadoes  deposit 
This  species  is  very  variable  in  size.  In 
a  diy  state  it  is  of  apuiplish  or  brown 
colour,  but  in  balsam  hyaline;  the  centre 
has  the  granules  iiregular  near  the  um- 


bilicus, and  interrupted  bv  blank  rays; 
but  near  the  cirdet  of  cellules  they  be- 
come more  regular,  and  form  cmred, 
moniliform  lines.  The  broad  Hmb  is 
usually  brownish  when  dry,  and  marked 
bv  numerous  radiating  lines,  similar  to 
tfiose  of  Ooscinodiseut  concvuwtj  and 
have  in  the  intervals  extremely  minute 
obliquely  arranged  granules.  The  radi- 
ating lines,  although  conspicuous  in  the 
dry  state,  nearly  disi^pear  in  balsim. 


After  Cymatoplbuba  Ovum  (p.  793),  insert : — 


C.  mukifasciata  (Kiitz.).  —  Valves 
linear,  with  acutely  cuneate  apices,  and 
very  fine  transverse  strin.  =  SurireHa 
mukifasciata,  KB.  p.  GO,  pL  8.  f.  47. 
Europe. 


C.  ihermaUe  (Eutz.).  —  Slightly  ^- 
duriform,  otherwise  as  in  C  tmilttftuaata. 
^Suriraia  thermoHs,  KB.  p.  dQ,  pL  a 
£46.    Europe. 


Genus  CYLINDROTHECA  (Bab.).— Frustules  exactly  cylindrical,  with 
percurrent  spires,  and  imbedded  in  an  amorphous,  gelatinous  mucus. 

CTLimtnoTnRCAGentenhergeriCRth,).  I  (rarely  one  or  three)  spires.    Rab.  Algea 
— ^Frustules  lanceolate,  acute,  with  two  |  Sachsens,  No.  801.    Dresden. 


Note, — ^Mr.  Balfs  originally  proposed  to  introduce  a  family  Synediec,  aa 
mentioned  in  p.  758,  but  subsequently  transferred  the  genera  to  the  family 
SuiireUes,  the  genera  in  which  he  distributes  thus : — 

*  Frustules  hactUar;  valves  heeled — ^Nitzscbisjb. 
Genera,  Nitzschia,  Ceratoneis,  Amphipleura,  Bacillaria,  and  HomoBodadia 

2*  Frustules  haeiUar;  valves  scarcely  broader  than  front  view,  not  Icmied-- 

Oenera.  Synedra,  Desmogonium,  Dimeregramma,  and  Staurosira. 
3*  Frustules  not  heudUar;  valves  mostly  broader  than  front  view,  not  heeled — 

SuBIBSLLEjB. 

Oenera,  Ehaphoneis,  Tryblionella,  Cymatopleura,  Surirella,  CampylodiscDS, 
and  Calodiscus, 
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DESCRIPTION  OF  THE  ENGRAVINGS. 


PLATE  I.  (DiSMiDs). 


Pignres  1  to  14.  Cosmarium  mamritiferain,  &c,  ander  different  stages  of  derelop- 
ment :  1, 2.  Frond,  enolosinff  "yesicles  "  filled  with  moving  granules ;  3.  Sup^posed  early  state 
of  moTing  granules ;  4.  Earlj  stage  of  self-fission ;  5.  Fission-products  escaping  the  enclosing 
wall  of  parent  cell ;  6.  Sepa^tion  completed ;  7.  Sporangium  stiU  oonnectra  wi^  parent 
finond  ;  8.  Same  with  mammilliform  spines ;  9.  Sporangium  further  developed ;  fo,  U. 
Suppo>sed  mature  sporangia;  12.  Same,  broken  and  empty;  13,14.  Toung  supposed 
products  of  sporangial  contents:  all  after  Mrs.  Thomas,  TM.  1855.  [We  are  disposed  to 
think  that  one  or  two  other  species  besides  Cosmarium  margaritiferum  are  here  ooniounded. 
4,  we  suggest,  maj  possibW  be  C.  cwilatiim  or  C.  cristatum,  showing  nascent  segments ; 
7,  C.  Broomei,  the  empty  frond  to  the  right  showing  a  seffment  not  yet  fully  deyeloped ; 
8  and  9  appear  to  us  as  probably  more  likely  to  represent  f£e  ooivjugatod  state  and  sporan- 
ffium  of  C.  Moculatum,  of  which  figs.  10,  11,  12,  may  represent  the  ultimately  extruded 
mner  membrane,  while  figs.  13  and  14  may  truly  be  the  younff  fronds  deyel(^)ed  from  their 
contents,  and  which  have  not  yet  commenced  yegetatiye  seu'-diyision.]  15-17.  Sphsero- 
sosma  yertebratum  (Bal6):  15.  A  portion  of  a  filament  seen  in  f.  y.  x200;  16.  tr.  y. 
X400;  17.  s.  y.  x400.  18,19.  Micrasterias  papillifera  (Br6b.) :  18.  f.  y.  X 100;  19.  Spo- 
rangium x200.  20.  M.  lotata  (Balfs),  f.  y.  xlOO.  21.  M.  radiosa  (Ag.),  f.  y.  xliX). 
22.  M.  Orux-MeUtensis  (Balfs),  f.  y.  X 100.  23-26.  Euastruxn  Didelta  (Balfs):  23.  f.  y. 
with  endochrome ;  24.  e.  £  in  f.  y. ;  26.  tr.  y. :  all  x200.  26.  E.  rostratum  (Kal&),  f.  y. 
X400.  27, 28.  Xanthidium  armatum  (Br6b.) :  27.  f.  y. ;  28.  s.  y. :  both  x200.  29, 30. 
Arthrodesmus  octocomis  (Shr.) :  29.  yar.  j3,  f.  y. ;  30.  yar.  a,  f.  y. :  both  x400.  31-34. 
Staorastrum  cuspidatum  (Br6b.) :  31,  f.  y. ;  32.  showing  the  nascent  sclents ;  33.  tr.  y. ; 
34.e.y.:  all  x400.  36,36.  Ankistrodesmus  falcatus  (Balfs),  x400.  37-39.  Soeno- 
deonus  obtusus  (Meyen),  after  Nageli,  showing  segmentation  of  the  cell-contents,  x300. 
40-42.  S.  caudatus,  after  Nageli,  X300.  43.  Same,  segmentation  of  oeU-contents,  x400. 
44,  46.  A  few  marginal  cells  of  "Pediastrum  Selemea  (Eg.)"=P.  pertusum  (?),  after 
Nageli,  XdOO.  46-48.  P.  (Anomopedium)  integrum  (Nag.):  46.  Xl50;  47.  X400; 
48.  s.y.  X400.  49-61.  Ccelastrum  sphiericum  (NagO^:  49.  x200;  60,  61.  XSOO. 
62.  Pediastrum  Ehrenbergii  (Braun),  after  Braun,  x4(X).  63.  P.  Selen»a  (Kg.)  [non 
Balfs,  =  P.  pertusum],  after  Nageli,  X 150.  64^  66.  Ccelastram  cubicum  (Nag.),  after 
Na^  X300.  66-68.  Sorastrum  spinulosum  (Na^:  66.  X300;  67,  68.  X600. 
69-61.  Pediastrum  Boryanum,  yar.  breyioomis,  alter  jBraun :  69.  Two  marginal  cells, 
(me  empty,  the  other  diBchareing  the  original  inner  membrane  closely  inyeeting  the  micro- 
gonidia ;  60.  The  same  hau  an  hour  afterwards,  considerably  dilated,  the  microgonidia 
each  with  a  pointed  hyaline  beak,  and  at  first  slowly  moying ;  61.  Microgonidia, 
eyentually  emitted,  swimming  freely:  all  xSOO.  62.  P.  granulatum  (Eg.).  63.  Brood 
of  macrcgonidia  emerged  from  shell  of  old  frond,  x400.  64.  A  few  mammal  oeUs  of  an 
old  fronc^  some  empty,  the  oeU-contents  of  others  undergoing  preyious  segmentation,  and 
one  discharging  the  inner  membrane  inyesting  the  brood  of  macrogonidia  (Braun),  x400, 
66.  Same  as  63,  seen  from  the  edge,  X400.  66.  Same,  seen  in  f.  y.,  the  cells  now  slightly 
emarginate,  x400.  67.  Same,  four  hours  after  the  macrogonidia  haye  ceased  to  moye,  the 
margmal  cells  now  drawn  out  into  horns,  but  not  yet  haying  assumed  their  proper  form, 
and  all  exhibiting  spaces  between,  not  yet  haying  become  dosely  applied  to  each  other, 
x400.  68, 69*  P.  Boryanum:  microgonidia  treated  with  tincture  of  iodine  and  sul- 
phuric aeid,  showing  ibe  yibratile  cilia,  the  slightly  retracted  oontents,  and  a  nudeua, 
X500.    (Figs.  63-^  after  Braun.) 

PLATE  II.  (DiSMiDs). 

Figozes  1  &f  6.  Closterium  Leibleinii  (Kg.),  X  200 :  1.  A  frond  filled  with  endochrome, 
and  an  empty  one  lying  across  it  (the  latter  shows  the  central  suture) ;  6.  Sporangium  lying 
between  Uie  conjugated,  and  now  empty  fronds.  2  &  6.  Closterium  striolatvun  (Enr.), 
X 100 :  2.  A  frond  with  endochrome,  snowins  the  longitudinal  fillets  and  the  single  row  of 
large  granules;  6.  Two  empty  coigagated  fronds,  showing  the  stri®  and  the  orbicular 
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■ponaginm  lying  bel;w6en  tham,  oiTeloped  in  mnooi.  3.  BtaanBtnun  (Besmidiiim,  Sfar.) 
eustepbanom,  «. t.  4.  Spiioteni*  oondeniato  (Br^b-X  X200:  the  frond  is  moi  wxUi  ki 
fpinf  band  of  endoobrome,  and  murroonded  bj  a  muoooa  hjaline  aheath.  7.  Stanraabnim 
(Deamidiiim,  £.)ienarium.  8  &  11.  Docidium  Ebrenbergii  (Bal&X  x  100:  8.  Canjo^tiBg 
fironda,  the  KMrangiam  in  an  early  itage  of  ddweAogmmi;  U  abowa  the  prooeaa  of  develog- 
ment  by  flmon,  the  young  aegmenta  partially  grown.  9.  Docidium  dATBtum  QKg.),  X  1<IX 
10&30.  Euaatrom  pectinatam  (Br^b.),  x200:  10.  A  aingle  frond;  30.  The  anncMi 
aporangium,  the  empty  aegmenta  adjacent.  12, 13.  Tetmemoraa  Brebtaaonii  (Bam),  x 
200:  12.  f.  V. ;  13.  a.  ▼.  14, 15.  Penium  margvitaoeum  (Br6b.X  X200:  14.  fl  t.  var.  a ; 
15.  a.  T.  of  two  empty  fronda,  Tar.  y,  the  aporangium  between  ihrai.  16, 17.  StauiaatnuB 
altemana  (Br^b.),  x400:  16.f.T.;  17.e.T.  18  &  23.  Xanthidiom  cnatatiim  (Br«b.l 
X400:  18.  f.  T. ;  23.  e.  t.  19  k  36.  Sceoodeamua  anadrioanda  (Balfa),  x400:  19.  A 
frond  of  two  oeUa ;  36.  one  of  four  oella.  20,  21, 24.  25  &  31.  Stanraatnim  polymer- 
phum  (Br^b.X  x400;  20.  e.T.  (of  five-rayed  var.);  21  & 31.  It.;  24.  A  frond  muhi- 
plying  oy  adt-diTiaion ;  25.  Sporangium  with  ita  furcate  a^unea,  and  around  it  the  empty 
and  prerioualy  coigugated  fronda.  22.  Micraateriaa  denticulata  (Br§bL),  x  100,  iponn- 
gium  of.  26.  Coemarium  onlatum  ^Bal6),  x300:  front  yiew  of  frond  multijd^png  by 
aelf-diTiaion,  Uie  young  aegmenta  partially  grown  and  their  aurface  atill  amooth.  27.  F^ 
diaatrum  tetraa  (Kalfa),  x400,  f.y.  of  a  frond.  28, 29.  Tetrachaakum  oeatana  (Dixon). 
XlOO:  28.  f.  T.;  29.  tr.  y.  of  e.  f.  32  &  35.  Hyalotheca  diaailiena  (Br^b.) :  32.  x200l 
tr. y.  with  inyeating  hyaline  gelatinoua  aheath;  35.  X40O,  f.y.,  alK>  ahowiiig  the  aheath. 
33,34.  Coamarium  undulatam  (Corda),  X^:  33.  £y.;  34.  Spormnnom  with  the 
empty  fronda.  37  k  40.  Deamidium  quadrangulatum  (Balfa) :  37.  x200,  f.  y.  of  fila- 
ment; 40.  x300,  tr.T.  38,39.  Didymoprium  Borren  (Balfa),  x400:  38.  Ir.y.;  39. 
Portion  of  a  filament,  f.  y.  Diatomb  :— ^U,  42.  lithodeamium  undulatum ;  43.  I6af«mr''i 
Zodiacua.  Diamn: — 44.  Micrairteriaa  Americana.  Diatoms:  46.  Podosira  momliSDi^ 
mia  attached  to  Polyaiphonia ;  46,  47,  49,  50.  Biddu]^»hi*  puldieU*;  48.  Dentiodb 

PLATE  m.  (Dmmim). 

Fig^iure  1.  OoDatoi]rgon  Ralfirii  (De  Bai^),  three  jdnta  of;  X900;  3.  Sane^  oom'a- 
gated,  ahowing  aporangium,  xSOO.  3.  Genicularia  apirotasnia  (De  Bainr),  aingle  joant  oC 
X 150  (yide  Ue  Bary»  op.  dt  iy.  I.  p.  717),  xSOO.  4.  Leptocyahnema  Kinahani  (Ardiarl 
X200,  ahowing  fhmt  and  aide  yiewa  or  the  band  of  endomrome,  and  two  joinia  w^ 
naaoent  halyea.  5.  Aptogonum  Baileyi  (Balfa),  X400;  6.  Same,  e.T.  7.  Desaidiam 
Aptogonum  (Br^b.),  portion  of  a  filament,  x400;  8.  Same,  e.y.  x400.  9.  Spondyloeiam 
depreeaum  (Br6b.),  xSOO:  fiye  jointa,  one  diyiding.  10.  S.  puU^llum  (Ai^dierX  x450: 
fiye  iointa  of  a  filament  11.  Euaatmm  oblongum  (Balfr),  x^.  12.  £.  inaigne  (Haaa-X 
X2(X).  13.  £.  binale  (Kalfr),  X  400.  14.  Coemarium  pyramidatum  (BrA.),  X  30O; 
15.  Same,  e.  y.  X300.  16.  O.  cyliudricum  (Bella),  x300;  17.  Same,  e.  v.  x30a  IB. 
Stauraatnim  ayionla  (Bi^b.),  X900;  19.  Same,  e.  y.  x900.  20.  6.  teiifernm  (BaUa). 
X300;  21.  Same,  e.y.  x900.  22.  S.  apongioaum  (Br^b.),  xSOO;  23.  Same.  e.T.  xdOOL 
24.  S.  quadrangulare  (Br6b.),  X  300;  25.  Same,  e.  y.  26.  S.  globula^am  (Bt^); 
27.  Same,  e.  y.  28.  S.  gradle  (Balft),  XdOO;  29.  Same,  e.  y.  xduO.  30.  &  yeatitam 
(Balfa),  x300;  31.  Same,  tr.  y.  x800.  32.  S.fradgerum  (Br6b.).  X200;  33.  Same,  e.  v. 
X200.  34.  S.  margaritaceum  (Menc^),  X  300;  35.  Same,  e.y.  X  30a  36.  Arthio- 
deamua  Incua  (Haaa.^  x  400.  37.  Triplooeraa  yertidUatom  (Baikr).  38.  Dofadrmn 
Baculum  (Br^),  x2u0.  39.  Cloaterium  didymotocum  (Corda),  X 100.  40.  C.  iuiydum 
(Ehr.),  X 100.  41.  C.  lineatum  (Ehr.),  X 100 ;  42.  Same,  ooigagated,  ahowing  the  doohle 
aporangium,  XlOO.  43.  C.  attenuatum  (Ehr.),  xlOO.  44.  C.  roetratum  (fiar-X  XlOtt 
45.  Penium  interruptum  (Br6b.),  x200.  46.  Doddium  Ebrenbergii  (Balfa),  X  200.  after 
W.  Archer  (Nat  Hiat  Beview,  yii.  p.  375) :  commencement  of  growth  of  lateral  tube 
preparatory  to  the  formation  of  xooaporea.  47.  Same,  the  zooaporea  emitted  and  fonning 
aniert«malduator(p.716).  48-54.  After  De  Bary  (op.  dt) ;  all  X 190,  ahowing  defdop- 
ment  of  aponmgium  of  Coamarium  Botrytia  (Menegh!) :  4^.  The  inner  membrane  widi 
oontenta  eecaping  Inr  bnrating  the  outer  wall  of  the  aporangium ;  49.  Hie  eame  eae^ped, 
aomewhat  further  deyeloped,  preparatory  to  aeementation  of  the  contenta,  the  ezteinBl 
membrane  doubled;  50.  The  aame,  diyidon  flniahed;  51.  The  aame,  l4  hour  after; 
52.  The  aame,  at  a  later  atage;  53.  Germ-cella,  ordinary  yegetatiye  diyisioii  begun; 
54.  Product  of  the  firat  diyiaion  of  a  germ-cell,  each  new  half  (but  not  until  now)  harmf 
aaaumed  the  oharaoteriatic  form  of  the  apedea.  56-60.  After  De  Bary(op.citl  all  xSSO, 
ahowing  deyelopment  of  aporangium  oi  Coamarium  Meoeffhiuii  (Br6b.) :  55.  Knpty  out- 
aide  coat  of  a  aporangium  with  an  open  alit  or  fiaaure  by  i^ioh  the  inner  memfataiie  (with 
oontenta)  haa  come  out;  56.  The  emerged  inner  membrane  and  ocmtenta;  57.  A  pair  <rf 
germnsdla  formed  therein ;  68.  TbeMme^oae  enaping;  5%  60.  Plrodnota  of  the  gam- 
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oelk,  ahowing  cme  B^gment  the  form  of  the  germ-oell,  the  other,  ordinary  T^getatiYediTision 
sapervenioff,  haTing  assumed  that  characteristic  of  the  spedes.  61.  Euastrum  didelta 
(Balfa),  Xl50,  abnormal  condition  of,  after  W.  Archer  (Nat.  Hist  Beriew,  vi.  p.  469), 
showing  a  central  irregular  structure  produced  between  the  original  segments,  apparently 
owin^  to  the  non-formation  of  a  septum  on  the  resumption  of  yegetative  growth,  ana 
forming  with  them  but  one  uninterrupted  oayity;  and  in  this  instance  the  new  central 
growth  haying  assumed  the  size  and  nearly  the  form  of  an  entire  frond,  its  axis  of  growth 
and  plane  of  expansion  are  at  r^ht  angles  to  the  old  segments.  62.  Arthrodeemus  Incus 
(HasB.),  xdOO,  abnormal  condition  of,  after  W.  Archer,  Le^  showing  an  abnormal  growth 
malogous  to  preceding,  but  carried  on  to  another  y^getative  generation,  the  middle  portion 
bein^  older  man  those  produced  between  it  and  the  origmal  segments,  the  whole  still 
forming  within  but  one  uninterrupted  cayity.  63.  Ck>smooladium  puloheUum  (Br6b.), 
X250. 

PLATE  rv.  (Diatoms). 

[Plates  lY.  to  Tm.  are  engrayed  by  Mr.  Toffen  West    Ifanyof  thefiffaresarefiromorigiDAl 
drawings,  others  ftom  specimens,  and  all  of  them  are  magnified  SOO  diameters.] 

Figare  1.  Bpithemia  tuigida,  f.  and  s.  y.  2.  R  Westermanni.  3.  Eunotia  pentaglyphis. 
4.  £.  triodon.  5.  Amj^hicampa  mirabilis.  6.  Himantidium  pectinale,  f.  and  s.  y.  7. 
Podosphenia  Ehrenbergii,  fl  ana  s.  y.  8.  Bhipidophora  paradoxa.  9.  Llcmophora  flabel- 
lata.  10.  Podooystis  Adriatioa^  U.  Sceptraneis  Caduoeus.  12.  DimOTCgramma  dno- 
atum,  f.  and  s.  y.  13.  Diatoms  yulgare,  £  and  s.  y.  14.  D.  elongatum.  15.  D.  Ehren- 
bei^.  16.  D.  hyalinum,  f.  and  s.  y.  17.  Asterionella  formosa.  18.  A.  Balfsii.  19. 
BacUlaria  paradoxa,  t  and  s.  y.  20.  B.  oursoria.  21.  Nitzschia  Si^ma.  22.  N.  scalaris» 
land 8. y.  23.  Ceratoneis longissima, £. and s. y.  24.  HomoBodadia Mardana, f. and s. y. 
25.  H.  filiformis.  26.  H.  sigmoidea.  27.  Synedra  Arcus,  f.  and  s.  y.  28.  S.  pulchella, 
f.  and  s.  y.  29.  S.  capitata.  30.  Amphipleura  pellucida.  31.  A.  inflexa.  32.  Plagio- 
gramma  pulohellum,  f.  and  s.  y.  33.  Dimeregramma  nanum,  f.  and  s.  y.  34.  D.  distans^ 
f.  and  s.  y.  35.  D.  Tabellaria,  f.  and  s.  y.  3^.  Tryblionella  gracilis.  37.  T.  acuminata. 
38.  Campylodiscus  Hibemicus.  39.  0.  spiralis.  40.  Striatella  unipunotata,  f.  and  s.  y. 
41.  Bhabdonema  minutum,  f.  and  s.  y.  42.  Hyalosira  delicatula,  f.  and  s.  y.  43.  Bhab- 
donema  Orozieri,  f.  and  s.  y.  44.  Biblarium  Castellum  (EM.  33. 2. 1.).  45.  Stylobiblium 
C^ypens.  46.  Gk>mphogramma  rupestre,  f.  and  s.  y.  47.  Grammatophora  marina.  48. 
Q-.  serpentina,  f.  and  s.  y.  49.  G^phyria  media,  t  and  s.  y.  upper  and  under  yalyes. 
50.  CF.  incuryata,  f.  and  s.  y.  ditto.  51.  Diatomcdla  Balfouriana^  f.  and  s.  y.  52L  Disi- 
phonia  australis. 

PLATE  V.  (Diatoms). 

ngure  53.  Cydotella  operculata,  f.  and  s.  y.  54.  C.  reotangnla,  f.  and  s.  y.  65. 
Aodnogonium  sepienarium.  56.  Liostephania  magnifica.  57.  L  Botula.  58.  Diotyo- 
lampra  Stella.  59.  Mastogonia  Actinop^chus.  60.  Hyalodiscus  subtilis,  61.  Podosira 
Monta^ei,  f.  and  s.  y.  62.  Melosira  Horologium,  f.  and  s.  y.  (EM.  33.  2. 17).  63.  M. 
sabflexilis,  f.  and  s.  y.  64.  M.  nummuloidee,  f.  and  s.  y.  65.  M.  orichalcea.  66.  Aste- 
romphalus  Aradme.  67.  Melosira  Boseana,  f.  and  s.  y.  68.  Discosira  sulcata,  £  and  s.  y. 
69.  Stephanodi8cas.^)gyptiacus,  f.  and  s.  y.  70.  Endictya  oceanica,  f.  and  s.  y.  71.  Me- 
losira Borreri,  f.  and  s.  y.  72.  liparogyra  spiralis,  f.  and  s.  y.  73.  Peristei^iania  Eutycha. 
74.  Stephanopyxis  Turris.  75.  S.  ferox,  i.  and  s.  y.  76.  Xanthiopyxis  oblonga.  77. 
Stephanogonia  polygona,  f.  and  s.  y.  78.  Coecinodiscus  oyalis.  79.  Asteromphalus 
Brookei  80.  Craspedodisous  CkMcinodiscus.  81.  Systephania  Corona.  82.  HaUon^ 
ondenarius.  83.  Coecinodiscus  stellaris.  84.  Actinocyolus  Balfsii.  85.  Heterostei^iania 
BothiL  86.  Asteromphalus  DarwiniL  87.  A.  elegans.  88.  Actinoptyohus  undulatus» 
f .  and  s.  y.    89.  CoeonodUsous  condnnus.    90.  Odontodisous  eooentricus. 


PLATE  VI.  (DuTOMs). 

nmre  1.  Aulisous  pruinosus.  2.  Eupodiscns  Argus :  a,  s.  y. ;  b,  f.  y.  (the  latter 
from  Slutsing).  3.  Aulisous  sculptus:  a,  s.y.;  6,  f.y.  4.  Aulacodiscus  Oreganus.  5. 
A.  BeeyerisB.  6.  Porpdia  quadriceps:  a,s.y.;  ft,  f.y.  7.  Oerataulus  l»yis:  a,  s.y.; 
b,  filament  8.  Hydroeera  compreesa,  s.  y.  9.  Cerataulus  tnr^dus :  a,  s.  y. ;  6,  f.  y. 
lO.  Biddulphia  Tuomeyi:  a,  s.  y.;  ft,  f.  y.  11.  Zygoceros  Mobihensis:  a,  8.y. ;  ft,  f.  y. 
12.  Biddulphia  Indica.  13.  Hydrosera  triquetra:  a,  s.y.;  ft,  filament  14.  Hemidiscos 
cuneiformis :  a,  s.  y. ;  ft,  f.  y.     X5.  Trioeratium  Solenoceroe.    16.  T.  exiguum.    17.  T. 
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Tonoioro.  18.  T.  oontortum.  19.  T.  fpinoram.  20.  T.  punoUtnm.  21.  T.  ilfceniaai: 
a,  t.  T. ;  b,f.  T.  22.  Amphipentai  flezuosui :  a,  with  five  aiiglet;  6,  rmr.  with  four  an^cs. 
23.  Plcurodesmiuin  Br^biflsonii:  a,  s.  t.  ;  6,  £  y.  24.  Cluetooeroe  Wuhaimi:  c,  Gonio- 
thflcium-like  frustule,  f.  t.  ;  6,  lame,  s.  t.  ;  c,  i.  ▼.  of  oonnecting  aooe  ana  awni  widaoat  the 
frtutale;  <f,  filament  entire.  26.  C.boreale:  <!,■.▼.;  6,ty.  26.  BaotoriaatmxD  fiiroatinB. 
27.  B.  W^ohii:  a,  s.  t.  ;  6,  filament  (This  figure  is  introduced  fior  the  aake  of  Hie  £  t^ 
which  so  closeW  resembles  Bacteriastrum  fiiroatum  and  B.  ouiratam  as  to  be  ondiitin- 
ffuishable  in  this  aspect).  28.  Dioladia  Capreolus:  a,  s.  y.;  6,  £.  t.  29.  Goiuothennm 
Odontella:  a,  s.  t.  ;  ^  f.  t.    30.  Periptera  tetracUdia. 


PLATE  Vn.  (Dotomb). 

Fifore  31.  Bhiaosolenia  Calyptra.  32.  Rstylifbrmis,  from  a  figure  sent  bjO.IToraan, 
Eflo.,  HulL  33.  B.  setigera.  34.  Sjringidium  Amerinanum.  36.  HerooCheea  mam- 
millaris.  36.  Cooooneis  PhMsentula.  37.  C.  transrersalia.  38.  C.  distana.  39.  C.  pasoife- 
marginata.  40.  0.  exoentrioa.  41.  Aohnanthidium  ooarotatom.  42.  Achnanthf  loiigipflL 
43.  A.  subsessilis.  44.  A.  exilis.  45.  Cymbella  cuspidata.  46.  C.  EhrenbergiL  47. 
Coooonema  panrum :  a,  s.  y. ;  6,  f.  y.  48.  0.  Boeddi :  a,  s.  y. ;  b^  f.  y.  40.  Bmjmwna 
prostratum  (frustules) :  a,  s.  y. ;  b,  f.  y.  50.  Amphora  angularis.  61.  A.  menibraaacea. 
o2.  A.  litoralis.  63.  Sjncyclia  Balpa.  64.  Amphm  cjmbifera:  a,  upper  surges  ia 
focus ;  bj  lower  sm-fiMX  in  ditto.  56.  Nayicula  tumida :  a,  s.  y. ;  b,f.r.  56.  Amphnw 
oralis.  67.  A.  spectabilis :  a,  upper  surface  in  focus ;  6,  lower  sur&oe  in  ditto.  58.  A. 
hvalina.  59.  A.  marina.  60.  Gomphonema  geminatum.  61.  Nayicula  di^rma.  6& 
N.  HitchcockiL  63.  Stauroneis  obliqua.  64.  S.  Crucicula.  66.  Nayicula  (finniilam) 
mi^r.  66.  N.  producta.  67.  Stauroneis  linearis.  68.  Nayicula  rfajziohooephala  69. 
N.UennedjL  70.  N.  latissima.  71.  N.  rhombioa.  72.  N.  Amphisbsaia :  a;s.y.;^£v. 
73.  N.  Clutbensis.  74.  N.  borealis.  76.  N.  maTima  76.  Stauroneis  acuta.  77.  S. 
pulcheUa, 

PLATE  Vm.  (Diatoms). 

Figure  1.  Onoosphenia?  (Diatoma  elongatum  v,  SBD.^  2.  Ei^ileuria  onenata  3. 
filyned&arobusta  4.  Dimercwrramma  pinnatum.  5.  Tessella  mterrupta.  6.  Diniacmmma 
HarrisoniL  7.  Nitaschia  BrigfatweiliL  8.  Eupleuria  pulchella.  9.  AnhnanSitdfom 
trinode.  10.  Tetraojclus  lacustris,  s.  y.  U.  Cladogrunma  Califomicum.  12.  Bhab- 
donema  mirificum,  t  y.  and  s.  y.    13.  Cjdotella  punctata.    14.  Asteromphalus  ceutrsrtei; 


punctations  of  compartments  omitted.  15.  Omphalopelta  areolata.  16.  Ampfaitetns 
omata.  17.  Melosira  arenaria,  s.  y.  18.  Coscinoaiscus  nitidus.  19.  Peritfajia  denaria. 
20.  S^rinddium  bicome.  21.  Asteromphalus  heptactis.  22.  Euodia  gibba.  23.  Bid- 
dulphia  Macdonaldii.  24.  Aulaoodiscus  KittonL  26.  Periptera  chlamidophanL  26. 
Coscinodiflcus  excayatus.  27.  Trioeratium  trisulcum.  28.  Aulaoodiscus  pukber.  29. 
Trioeratium  castellatum.  30.  Bunotogramma,  s.  y.  31.  Miorotheca  octooeraa.  32.  PkQ- 
roeigma  formosum.  33.  P.Balticum.  34.  Podosira?  compressa.  36.  Atthe^  decora. 
36.  Staurogramma  Persicum.  37.  Anaulus  scalaris.  38.  Scfaisonema  GrenlliL  39. 
Ljsicyolia  Vogelii.  40.  Schixonema  Billwynii.  41.  Bhixonotia  Melo  ?  42.  Bhisosoleoia 
robusta.  43.  Colletonema  eximium.  44.  Omphalotheoa  hispida.  46.  PleuroeiphoBia 
affinis.  46.  Toxonidea  undulata.  47.  Colletonema  neglectum.  48.  Stigxnaphora  i 
49.  Donkinia  oarinata,  s.  y.    50.  OKlodiscus  superbus. 


PLATE  EL  (DuTOMs). 

Figure  131.  Melosira  sulcata.  *131.  M.  yarians.  132.  ActinoptTc^as 
133-136.  Nayicula  yiridis.  137,  138.  Surirella  striatula.  139.  Stauroneis  Pbaniio- 
enteron.  140.  Amphipleura  pellucida.  141.  Nayicula  Amphisbma.  142.  Staaroneis 
platystoma.  143.  Navicula  nodosa.  144.  PleurosigmaBaltioum.  145.  P.  hippooampos. 
146.  P.  acuminatum.  147.  Sjnedra  subtilis.  148.  Nitatsohia  sigmoidea.  IM.  Cfina- 
topleura  elliptica.  150-152.  Surirella  splendida.  153.  Amphora  oyalis.  154.  CymbeUa 
EhrenbergiL  156.  Cymatopleura  Solea.  156-161.  Epithemia  turgida  (except^  in  groiqp 
157.  those  figures  marked  with  a  cross).  *157.  Epithemia  Westermanni  162^  163.  Gbo- 
ooneis  scuteUum.  164.  Eunotia  triodon.  166.  Epithemia  granulata.  166^  167.  Baefl- 
laria  paradoxa.  168.  Diatoma  yukare.  169.  D.  elongatum.  170.  D.  meaodoo.  171. 
Himantidium  pectinale.  172.  Octontidium  hjemale.  173-176.  Fragxlaria  capodaa. 
176.  F.  yiresoens.    177-179.  Meridion  oiroulars.    180-182.  Bhabdonema  arcuatom. 
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PLATE  X.  (Diatoms  ahd  Protozoa). 

S^if^nre  183.  Isthmia  enervis.  184.  Synedra  Ulna.  *186.  S.  oapitata.  186.  S. 
luuuns.  186.  Podoephenia  mdUB.  187-190.  6K>inphonema  oonstriotum.  191-193. 
licmophora  flabellata.  194,  196.  Cocoonema  lanceolatum.  196-198.  C.  Cistula. 
L99— 2M>2.  Achnanthes  breripes.  203,  204.  lUiabdonema  arooatam.  206.  Adneta 
njBtacina.  206.  SjnoyoUa  Salpa.  207.  Sohisonema  HoflVnannii.  208.  Micromega 
Vgardhii  Protoioa: — ^209-211.  Cyclidium  Glaucoma.  212.  Pantotrichum  Encbelys. 
il3.  Cbtttomonas  Globulus.  214,  215.  ChflDtotyphla  armata.  216-218.  Chatoglana 
rolvcMsina.  219,  220.  Peridinium  Tripos.  22L  P.  Miobaelis.  222,  223.  Peridinium 
?u0us.  224-226.  Glenodinium  apioiuatum.  227.  Trichodina  tentaculata.  228-230. 
r.  PediouluB.    231, 232.  Urooentrum  Turbo.    233,  234.  Stentor  RoBselii. 


PLATB  XI.  (Diatoms). 

Fi^;iire8  1  to  8.  Epithemia  turgida  (Thwaites) :  1.  A  Tiew  of  concaye  surface  ,*  2.  A 
side  Tiew ;  3.  Apposition  of  concave  surfaces  in  the  first  stage  of  coigugation ;  4.  A  front 
Tiew  of  a  single  endochrome,  showing  it  to  have  divided  into  two  SMments ;  6.  The  young 
eporaneia  l^g  transverseljp'  between  the  deft  parent  frustules ;  6.  The  same,  viewed  end- 
wajs,  diowmg  their  cylindrical  fifl;ure ;  7.  Increased  growth  of  the  sporangia ;  8.  Hie  pro- 
duced sporangia  ultimately  much  larger  than  parent  fronds,  and  now  striated  like  the 
latter.  At  the  commencement  of  conjugation  the  fronds  are  enveloped  in  mucus,  as  shown. 
9,  lO,  11, 12.  Gomphonema  curvatum  (Thwaites),  illustrating  the  process  of  colouration 
in  this  being,  which  generally  resembles  that  in  Epithemia.  14.  Mdosira  nummmoides 
(Balis).  17.  Gomp)u>nema  minutissimum  (Thwaites)  conjugating.  18.  Dinophysis  acuta 
(£hr.),f.v.  19.  D.  limbata(Ehr.),  f.v.  20  &27.  Melosiraooarctata(Ehr.),  f.  vs.  21,22. 
Ajnphitetras  antediluviana  (Kalfs) :  21.  A  partial  s.  v. ;  22.  filament.  24,  26.  Tetraoydus 
lacustris  (Balfs) :  24.  Filiunent ;  26.  A  marranal  view.  26.  Mdosira  sulcata  (Ehr.),  a 
filament  28.  Actinoptycho^  Jupiter  (Ehr!).  29.  Mdosira  Italica  (EhrA  filament 
30.  Sphenosira  Catena  (Ehr.),  filament  3^.  Actinoptychus  ?  hexaptera  (Ehr.).  32. 
Ampbipentas?  altemans  (Ehr.).  33.  Asterolampra  Marylandica  (Ehr.).  34.  Asterom- 
phJus  Mookeri  (Ehr.).  36.  Heliopdta  Metii  (Ehr.).  36.  Symbolophora  Trinitatis  (Ehr.). 
37.  Spirillina  vivipara  (Ehr.) :  a  member  of  the  family  Aroallina,  having  a  dose  affini^ 
with  Uie  calcareous-shelled  Polythalamia  or  Foramimfera.  38.  Craspedodiscus  el^^ans 
fffliir.).  39,  40.  CkMcinodiscus  radiatus  (Ehr.) :  39.  f.  v. ;  40.  s.  v.  41,  42.  Bupodiscus 
Ar^^  (Ehr.) :  41.  f.  v. ;  42.  s.  v.  ^n  fig.  41,  the  sites  of  the  three  tubular  processes, 
whioh  led  Ehrenbei^  at  first  to  call  it  Tripodiscus,  are  seen.)  43,  44.  Trioeratium  Favus 
(EhrO :  43.  f.  v. ;  44.  s.  v.  46^  46.  Climacoephenia  monili^era  (Ehr.) :  46.  f.  v. ;  46.  s.  v. 
47.  Terpsinoe  musica  (Ehr.).  48,  49.  Grammatophora  gibba  (Ehr.) :  48.  f.  v.,  showing 
the  two  unp^ect  septa  (vittA,  Kiitx.)  at  each  end ;  49.  s.  v.  60.  61.  ^gooeros  Surirella 
(EhrO :  60.  s.  v. ;  61.  f.  v.  62,  63.  Grammatophora  marina  (Ehr.):  62.  £  v. ;  63.  a:  v. 
64.  HemuMilus  antarctious  (Ehr.),  f.  v. 


PLATE  Xn.  (Dutoms,  Protozoa,  ±c,). 

Figure  1.  Amphiprora  oonstriota  (Ehr.l  f.v.    2,  3,  4.  Surirella  Gemma  (Ehr.): 
2,  3.  f.  V. ;  4.  s.  V. :  these  fl^iures  were  intenaed  especially  to  reroesent  the  foot-like  pro* 
1  (dlia  ?)  and  the  foramma  through  which  these  are  protruded.    6.  Navicula  oospiaata 


(Ehr.),  0.  V.  6.  N.  amphirhynous  (Ehr.),  s.  v.  7,  8,  9.  Stauroneis  phyllodes  (Ehr.) : 
7,  8.  s.  v.;  9.  £  V.  10, 14,  30.  Stauroneis  scalaris  (Ehr.):  10.  s.  v.;  14.  Process  of  sdf- 
division  seen  on  f.  v. ;  30.  s.  v.  11.  Campylodiscus  fiezuosa  (Ehr.),  f.  v.  12»  13, 2^  23. 
0.  Ehrenbergii  (Ehr.):  12 k 22.  f.  vs. ;  23.  s.  v. ;  13.  Viewed  l^g  on  one  end.  16  a  31. 
Navicula  migor  (Ehr.) :  16.  s.  v. ;  31.  f.  v.  16.  Stauroneis  dilatata  (EbrA  s.  v.  17, 18. 
S.  Phcenioenteron  (Ehr.):  17.f.v.;  18.  s.  v.  19,20.  Surirella  Craticula(£lhr.):  19.  f.v.; 
20.  s.  V.  21.  Navicula  Tabellaria  (Ehr.),  s.  v.  24, 26.  EpiUiemia  Librile  (Ehr.) :  24.  f.  v. ; 
26.  s.  V.  26.  Amphora  gracilis  (Ehr.),  s.  v.  27.  Epithemia  gibba  (Ehr.),  ventral  surface. 
28  k  63.  Gomphonema  apicmatum  (Ehr.):  28.  f.  v.;  63.  s.  v.  2k9.  Himantidium 
monodon  (Ehr.),  s.  v.  32.  Navicula  affinis  (EhrA,  s.  v.  33.  N.  Chilensis  (Ehr.), 
ventral  surface,  s.  v.  34  &  36.  Synedra  GallioniiTKhr.) :  34.  f.  v.  of  four  conjoined ; 
36.  S.V.  36.  Gomphonema  Vibrio  (Ehr.),  s.v.  37.  Amphora  navicularis  (Ehr.),  f.v. 
38.  A.  libyca  (Ehr.),  f.  v.  39.  Eunotia  quinaria  (Ehr.),  s.  v.  40.  Diadesmis  ]»vis 
(Ehr.),  f.  V.  41.  Cocoonds  Pinnica  (Ehr.),  s.  v.  42.  C.  oceanica  (Ehr.),  s.  v.  43.  Na- 
vicula Esox  (EhrA  s.  v.  44.  Nitcschia  valens  (Ehr.),  f.  v.  46»  49,  60, 61, 62.  Himan- 
tidium  Papitio  (Ehr.):  46  &  61.  Filaments;    49.  A  single  frustule  seen  on  ventral 
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tur&oe;  6O&62.0.T.  46.  Coooonanui  ojmbi£aniie  (Efar.),  a.T.  47. 
striotum  (Ehr.) :  the  median  sulcus  or  constriction  is  well  seen  drndipe  the  lotics  IbId 
two  segments — patellA  or  Talves,  each  of  which  is  here  again  oompoaed  of  aumal  fiuelta. 
A  distinct  nucleus  (sexual  gland,  Ehr.)  is  shown.  4Ba,6.  Cooooieis  Amokana  (Efar.): 
48  0.  B.  Y. ;  48  6.  Several  firustuks  adherent  to  a  portion  of  Conferva.  S4.  TfiawrtidTMB 
Quianense  (Bhr.),  f.  v.  of  a  filament  66^  66, 57.  CoUetonema  Amphioiya  (£3v.):  66w 
a  V.  of  a  amgle  frustule ;  56.  f.  v. ;  57.  A  collection  encloeed  in  their  muooos  inTcstna^ 
seen  in  di&rent  positions.  58.  Sphaeroiosma?  . . .  (Brifi^twell) :  Uua  pcodwttoa  was 
Ibund  hy  Mr.  Bri^twell  (see  '  Fauna  Infusoria  of  Norfoll*).  We  canaoi  petuaw  any 
affinity  between  his  drawing  and  the  members  of  the  genus  I^)hgrog06ma,  to  which  hs  hm 
surmised  it  might  belong.  59.  Ceratoneis  Closterium  (Ehr.l  a.  v.  6(>.  61.  FlevaigBa 
Fasdola  (Ehr.).  62,  63.  Bictvocha Speculum  (Ehr.):  62.  Viewed  in  front;  63.  Ttemci 
sideways.  64.  Difflugia  acanuiophora  (Ehr.) :  its  surface  illustrates  what  ia  tensed  aa 
imbricate  disposition  of  the  scale-like  markings ;  a  navicohur  body  is  fepreaented  m  ita 
interior,  as  seen  throng  its  transparent  lorica.  65^  66.  AwplamAna  Bri^mweflii  rBrigiiC- 
well).  These  two  figmres  are  from  Mr.  Brifhtw^'s  hock:  66  ia  tfaer«  dwrriheii  as  ''a 
young  specimen  ^female),  lust  emerged,  in  inuch  the  red  eye  and  genua  of  o^ier  atgam 
are  seen ; "  in  66  "  ma^  be  seen  t^  ceeophagus  leading  to  the  atomach,  and  above  the 
stomadi  two  small  bodies  (either  salivary  or  hepatic  nandsl  and  under  it  the  opaqoe 
ovisaa"  67,  68.  69.  Zoothamnium  Arbuscula  (Brigntwdl) :  these  three  figues  from 
Mr.  Brightwell  illustrate  the  curious  cycle  in  development  refienred  to  in  tbe  text  70. 
Yaginicola  . . .  ?  (BrightweU^ :  apparently  a  Vaginioola  undenraiiig  spnnfcaneoos 
71.  Mesocena  heptagona  (Ehr.).  72.  Navicula  cardinalis  (SSir.),  s.t.  73.  f 
Isoetauron  (Ehr.),  s.  v. 

PLATE  Xm.  (Diatoms). 

Figure  1.  Amphipleura  pelludda.  2.  A.  rigida.  3.  Surirella  oonaCricta.  4.  Den- 
ticula  elegans.  5^  6,  7.  Amphiprora  alata.  8.  Epithemia  alpeetna.  9.  OerslaDeit 
q>iralis.  10.  Coooonema  gibbum.  U.  Gomphonema  curvatum.  12.  Epithfwna  For- 
cellus.  13.  (left)  Podosphenia  hyalina ;  (right)  P.  cuneata.  14.  P.  EhrenbenD. 
15.  Bhipidophora  tenella.  16.  Licmophora.  divisa.  17.  Bhipidopbora  NubeciJa. 
18.  Epithemia  Musculus.  19.  Bhipidophora  Meneghiniana.  20.  Synedra  faigem. 
21.  Meridion  oirculare,  var.  22.  Grammatophora  hamulifera.  23.  Qoniphonfmi 
acuminatum.  24,  25.  Odontidium  hyemale.  26.  Tabellaria  ventriooea.  27.  Bhab- 
donema  Adriaticum.  28.  Pododiscus  Jamaicensis.  29.  Tabellaria  flocculoea.  30^  31, 
32,  32  0.  Biddulphia  obtusa.    33.  Pyzidicula  Adriatica. 


PLATE  XIV.  (Diatoms). 

Fig;i]reB  1  to  12.  Fragilaria  ciqpucina.  13.  Himantidium  SoleiroliL  14.  Cjm- 
boeira  AgardhiL  15.  Aohnanthidium  microc^halum.  16.  A.  ddioatolom.  17.  Cftilo- 
tella  Sootica.  18,  19,  20.  Cymbella  gastroides.  21.  Bhaphoneis  Am^uoeroa^  22. 
EncYonema  proetratum.  23.  Hyaloaira  rectangula.  24-28.  pymbella  Melveliea.  29. 
Hyaloeira  obtusangula.  30.  SphenelU  an^^ustata.  3L  S.  obtuaata.  32;  33.  DiadesBM 
oonfervaoea.  34, 35  a,  6.  Beraeleya  Adnatica.  36.  Gomphcmema  cofonatem.  37, 
38  a,  bf  c.  HomoBodadia  pumila.  39-42.  Micromm  palhdum.  43^44.  M.  bo«ly- 
dnum.    45,  46.  Homoeooladia  monUiformia.    47-49.  M.  Martiana. 

PLATE  XV.  (Dutoms). 

Fig;ares  1, 2.  O^dotella  atmospherica  (Ehr.).  3.  C.  Atlantica  (Ehr.).  4.  C.  Sbomm 
^2hr.).  5.  Staurosira  construens  (Ehr.).  6, 7,  8,  9.  'Rh[>ithAim>  longioomis  (Ehr.).  10. 
Goniothedum  crenatum  (Ehr.).  U.  ^ithemia  Areus  (Ehr.).  12.  Kavicula  d^yma  (Ehr.). 
13.  Desmogonium  Guianense  (Ehr.).  15.  Navicu£iteniata(Ehr.).  16^17.  TT?,.^.«;.im« 
monodon  (Ehr.):  16.  Two  frustules  comoined  in  front  view;  17.  s.  v.  18, 19,  20;  2L 
Arachnoidiscus  omatus  (Shadbolt) :  18.  External  membrane,  as  seen  ^dien  detached  ttom 
the  inner  framework,  or  when  viewed  f^m  t^  outside  of  tibe  shell  as  an  opaque  oljecC; 
19.  The  inner  framework  is  exhibited  on  a  black  disc  as  an  opaque  object ;  20rThe  men- 
brane  and  framework  united,  as  seen  by  transmitted  light,  x200;  21.  The  sams^aian 
amplified,  x500.  22,23.  Campylodiscus  parvulus  (Smith) :  22.  s.  v.;  23.  Ptetisilv. 
24, 25.  Ghrammonema  Jurgensii  (Balfis) :  24.  Front  and  s.  v.  of  a  single  frnstule;  261  A 
fihunent  26, 27.  Meloeira  Nageli :  a  series  of  figures  to  illustrate  the  distribution  of  the 
chlorophyll  (endoohrome),  and  the  presence  of  a  nucleus:  26a.  viewvd  from  tiie  Ims; 
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%  6.  firom  to  lateral  Borfiuse;  two  bands  of  chlorophjU  am  aeen  on  eaoh  aide^  and  their 
ctiovk  at  the  angles;  26 c.  ftam  the  base;  27.  Seen  £rom  below,  nudeos  with  nuoleoU 
id.  sap-onrrenta;  Urge  and  small  chlorophjU-globulea ;  276.  Seen  from  the  side;  the 
FO  IsKtieral  bands  of  cuorophjll  are  secni,  and  a  parietal  nnoleos,  wdth  sap-currents  from  it, 
tliie  rentre  of  one  side ;  27  c.  An  individual  after  divisicm,  seen  from  the  side.  The 
ilorophyll  bands  appear  onlj  in  section.  Eacdi  secondary  cell  haa  a  parietal  nucleus, 
3  a,  Sf  o,d.  Baoillaria  Na^ali:  a,  viewed  from  the  broad  side,  a  granular  nucleus  in  the 
5iitz«  ;  6,  also  the  broad  side,  an  individual  before  division,  the  nudeus  primarily  divided ; 
diwiflion  complete ;  (f,  viewed  from  the  baae  (in  section).  29  a,  6,  c,  d,  Melosira  Diddeii 
rb-wsntee):  a,  filament,  in  ordinary  state;  6,  filament,  the  tenninal  cells  of  which  are 
Dooming  converted  into  sporangia;  c,  sporangia;  d^  sporangial  frustules  becoming  deve- 
>ped.  from  one  of  the  halves  of  a  previously  cuvided  sporangium,  x220.  30  a,  6.  Mas- 
3^1o(iA  Danseii  (Thwaites):  a,  portion  of  frond,  x35;  6,  a  part  of  same,  X220.  In  it 
w€>  firaataks  are  shown,  one  in  front,  the  other  on  side  aspect  31  a,  6,  c,  d,  Diddeia 
d-roidea  ^BaUs) :  a,  natoral  aiie,  in  difTerent  stages  of  growth ;  6,  frustules  (navicular 
Kxlies)  highly  magnified  when  fresh;  c,  one  when  dried;  (^  a  lateral  view  of  the  same; 
;  a  portion  of  frond,  less  highly  magnified,  showing  the  simple  and  fainate  frnstulea. 
)3.  Aieloeira  varians  (Thwaites)  (=:Qallionella,  Ehr!),  filament  with  sporangia,  x220l 
^3,  M.  Italica,  filament  with  sporangia.    34.  Dictyodub  Fibula.    35.  D.  trifenestra. 


PLATE  XYI.  (Diatoms  Ain>  Dbsmids). 

VigOJnm  1  to  6.  Navicula  (Pinnularia,  Ehr.)  mi^r.    From  Sdileiden*s  *  Prindples  of 
Botany/  to  illustrate  the  structure  of  the  silidous  valve.    1.  s.  v.  (venter,  Ehr.).    **  in  the 
middle  line  are  two  defts,  terminating  at  the  centre,  aa  well  aa  at  the  other  ends,  with  a 
little  cireular  enlargement^  mors  dearly  seen  in  figs.  3  and  5.    The  rounded  spot  in  the 
middle,  and  at  the  two  ends,  is  not  a  hole  aa  represented  by  Ehrenbevg.    That  such  a  hole 
ia  decidedly  sometimes  not  present,  is  seen  in  such  fragments  as  figs.  3  and  6.    In  the 
position  of  the  oblique  lateral  defls  (stria  or  costas,  Ehr.),  the  valve  consists  of  two  leaves, 
penetrated  by  the  defts,  which,  where  both  the  lamellg  toudi  each  other,  are  somewhat 
broader,  which  explains  the  varying  breadth  of  the  clefts  according  to  the  alteration  of  the 
focL     Fragments  ui  which  this  structure  is  dearly  represented  may  be  frequently  obtained 
by  oruBhing  the  valve  (fig.  6).    2.  A  front  view,  uiowing  that  the  rounded  enlargements  of 
tbe  median  line  are  but  depressions  on  the  external  surface.    The  double  contour,  denoting 
the  thickness  of  the  wall,  is  well  seen.    This  dearly  shows  that  a  passage  exists  from  the 
top  to  the  bottom  of  the  valve,  which  may  be  easilv  confirmed  if  the  valve,  or  better  still  an 
oblique  section  of  it,  be  looked  at  from  above ;  fig-  5  is  such  a  section."    1, 8.  C^mato- 
pleiua  elliptica  (Smith).    9.  C.  Sdea.    10-19.  Cuosterium  Ehrenbergii  (Smith),  showing 
the  stages  ux  its  coi^ugation,  and  the  formation  of  the  sporangia:  10.  A  smgle  frond  in  its 
<ndiiiary  condition;  11.  Two  fronds  approaching  to  coi^u^^;  12.  Conjugating  fronds 
undergoing  self-division,  the  upper  showmg  the  protuberances  throuj^  the  torn  apices  oi 
wfai^  the  contents  of  the  dividea  fronds  pass  into  the  sporangia ;  13.  Shows  the  passage  of 
the  endochrmne-eac  and  its  contents ;  14.  Conjugated  fronds  having  perfected  their  spo- 
rangia ;   15  (after  M.  Morren).  Devdopment  of  the  "  propagules "  into  youn^  fronds ; 
16^  17, 18, 19  (from  Morren).  Devdopment  of  a  sporangium  into  a  Cloetenum  with 
ui^qual  seements :  the  figures  are  all  magnified  10()  tames.    20-26.  Surirella  biBcriata 
(Smith).   To  illustrate  the  structure  of  the  i^ve  and  self-division  of  the  frustule :  20.  View 
of  frustules  on  the  completion  of  sdf-diviaion ;  2L  Apertures  of  costal  canals  seen  in  firont ; 
22.  Silex  of  connecting  membrane  after  maceration  in  add ;  23.  f.  v.  (the  Inroad  median 
longitudinal  band  is  the  connecting  zone  of  the  two  valves) ;  24.  s.  v. ;  2&.  e.  v. ;  26. 
Tnuksverse  section  of  empty  frustule. 


PLATE  XVn.  (DuTOMB  ahb  Phttoioa). 

Fig;are8  606-609.  Pvxidicula  globata.  611  &  615.  Xanthidium?  ramoeum.  612. 
X.  hirsutum.  613, 614.  X.  ?  diiforme.  616-618.  Campylodiscus  Clypeus.  619-63L 
Spirillum  Bryozoon.    632, 633.  Astasia  navalis.    634.  Qyges  sanguineus. 

PLATE  XVm.  (Phttosoa). 

Figorel.  MonaaCrepusculum,  x800.  2.  Monas  Pnnctum.  3,4.  Uvella  Glaucoma, 
X  850:  4.  Detached  monads.    6.  Polytoma  Uvella.    6.  Microglena  monadina.    7*  CHe- 
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nomoram  tingenB)  x260.  8.  Dozooooeut  ruber.  9.  Bodo  tntestiiulis,  x300.  10&21. 
MonM  Lens.  Jla^  b,  Ceroomonat  lobala.  12  a,  b.  C.  trunoate.  13  a,  b.  AmpkoMMmm 
dispar.  14.  ChilomonM  Paramecium,  x380.  15.  Monaa  eloogata.  16.  Trepomoiiatagilk 
17.  Monas  globuloaa.  18.  Ohilomonas  granoloaa.  19.  Monas  attenuate.  20.  CeroamoDM 
acuminata.  2L  Monas  Lens  (two  figs.)*  22.  Coroomcmas  longioauda.  23.  C.  Qkbnlnib 
2ft.  Spiromonas  Tolubilis.  2S.  Pleuromonas  jaculans.  26.  Hetorcmiita  ezigoa.  27.  Tn- 
pomonas  agilis.  28a>  ^  c,  d.  Trichomonas Batraofaorum.  29.  Grjptomonaa  oTate,  x900l 
30.  Prorooentrum  micans.  31.  Lagmella  eucfalora.  32.  CiTptog^ena  oooica.  33,34. 
Traohdomonas  YoWocina.  38  a,  6,  c,  </.  Cb(m«nonas  Sdurankii :  c,  d.  Ymr.  C.  uniffiai 
36.  Astasia  hsmatodes.  37^39.  Euglena  sanguinea.  40,  51,  54.  £.  Tiridia,  ^ncjilBd 
and  in  act  of  fission.  41,  42.  E.  Pyrum,  x400.  43, 44.  £.  longinaiida.  45.  Amfalr- 
ophis  Tirklis.  46.  Euglena  viridis.  47.  Chlorogonium  euohlonun.  48  a,  A,  c.  Astaaa 
hmpida.  49,  50.  A.  oontorta.  62.  Eu^ena  smrogyra.  63^  65.  J^atapeptia.  liiidiB, 
66.  Zygoselmis  inasqualis.  57.  Bacterium  triloculare.  66.  SpiroohsBta  pliratBtia.  59. 
Bpirilfum  Undula.  60.  Vibrio  Bacillus.  61.  Spirillum  Undula.  62.  Vibno  Barillua 
&,  Spirodiscus  fiilTus.  64.  Vibrio  Bugula.  65^  66.  Sporonema  gnuale.  67, 66L  ^- 
rulina  plicatilis.  69.  Zoogloea  Termo :  a  mucoid  mass  of  Vibrios,  the  individuala  of  whiek 
are  equiralent  to  Bacterium  Termo  of  Bigardin. 


PLATE  XTX.  (Phttoioa). 

Fiaiire  1.  Chromatium  WcLmIL  2.  Menoidium  peUuddum.  3.  Tetramitas  < 
4-6.  Bfallomonas  Ploelii  7  a,  6,  c.  Phacotus  viri^  8.  Anisonenna  Adnna.  9^  10. 
Tm>emonas  Tolrooina.  U.  T.  cylindrica.  12.  Chonemonas  acuminata.  13, 14.  Lepo- 
cinclis  Globulus.  15.  Hirmidium  inane.  16.  Ohlamydomonas  pulrisculua.  17.  Bnuana 
ffriseolum.  18, 19.  Eutreptia  riridis.  20-31.  OhlamTdoooocus  (Protoooocus)  phmalis. 
Its  forms  and  development,  after  Cohn :  20.  A  still  cell  reyired  after  detriocation ;  2L  Cell 
with  nudeus;  22.  Still  cell  with  dense  external  coat;  23.  Fission  of  primordial  within  the 
parent  cell ;  24.  FuBsion  of  a  still  cell,  wall  of  parent  cell  become  gelatinoua ;  25.  DiriiioQ 
of  secondary  cells ;  26.  Fission  of  encysted  cell  into  four  secondary,  and  2f7,  into  thir^- 
two  cedls ;  28.  The  several  cells  produced  set  free,  a  membrane  thrown  out  around  ooe ; 
29.  An  irregular-shaped,  Euglena-like  zoospore;  30.  A  cell  on  the  point  of  asBnTning 
the  motile  condition;  31.  A  very  small,  globular,  encysted  zoospore.  32-37.  Gooinm 
peetorale :  32.  A  perfect  tabular  frond ;  33.  Detached  cells,  showing  their  oontnwslafe 
veeides ;  34.  Four  cells  (gonidia)  united  by  the  radiating  tubularprooeeses  of  their  ezteraal 
membnme,  into  whidi  the  green  contents  do  not  enter ;  35.  fausepting  one  oeQ  of  the 
tablet,  all  the  others  have  proceeded,  to  a  greater  or  lees  extent,  by  the  process  of  Bmon,  to 
generate  '*dau^ter  cells,*'  or  the  rudimentary  gonidia  to  form  new  toblete;  each  one  is 
still  surroundMl  by  the  '*  mother-cell  '*  wall ;  36.  A  tablet,  of  which  the  original  gonidia 
are  widely  separated,  and  loosely  held  m  8itu  by  the  external  cell-wall ;  fission  has  furthff 
proceeded,  and  rudimentary  tablets  formed  from  each  original  gonidium,  consisting  of 
sixteen  "  daughter  ceUs ''  (macrogonidia) ;  in  37  the  connecting  bonds  are  quite  diaeo&Ted, 
and  the  sixteen  secondary  tablets  set  free:  all  xdOO.  38-58.  Stephanospluera  plnvialia, 
exhibiting  its  forms  and  modes  of  development:  38.  An  equatorial  view;  39.  Latend 
view,  gonidia  spindle-shaped,  with  protoplasmic  elongations;  40.  Division  of  gonidia  into 
four  "  daughter  cells" ;  41.  Further  divided  into  eight,  united  in  an  annular  foxm ;  4& 
A  fru*ther-»dvanced  8tfllffe>  macrogonidia  now  forming  distinct  fiunilies,  like  tlie  one  nfve- 
sented  in  fig.  57 ;  43.  Division  of  gonidia  preparatory  to  forming  miorogonidia ;  44.  A 
full-grown  resting  cell ;  45.  Beginning  of  division  oi  a  resting  cdl ;  46.  Divisoa  into 
four,  outer  membrane  disappeared ;  47.  Tapering  of  one  end  of  secondary  or  **  dac^^fter  " 
cell  preparatory  to  formation  of  cilia;  48, 49.  Naked  zoospores;  50.  Encysted  sooyre 
(gonidium) ;  61.  Resolution  of  all  the  gonidia,  except  one,  of  a  mature  Stephanaepmara 
into  micro^nidia;  52.  Detached  ciliated  microgomdia;  53.  An  enmted  zoospore  with 

grotoplasmic  elongations  of  the  primordial  cell;  54^  55.  Division  of  encysted  zooepoK; 
6.  More  advanced  stage  of  division ;  57.  A  young  fiumily  of  eight  cells ;  58.  Another,  with 
the  cellular  envelope  still  visible  within  the  membrane  of  the  mother  cell:  X500  (Cbfan). 
59-69.  Fandorina  Morum :  59.  Perfect  form,  with  sixteen  gonidia,  side  view ;  GO.  Hm 
same,  polar  view ;  61.  A  gonidium,  side  view ;  62.  A  frond  with  the  gonidia  divided ; 
63.  A  more  advanced  frond ;  64.  A  younff  frond  of  fig.  63,  after  formation  of  cilia,  aet 
free;  ^66.  Younff  fronds,  gonidia  pushed  dose  together;  66.  A  polar  view;  67.  l^odor 
polar  view  of  a  frond  like  65,  tbe  gonidia  of  which  are  encysted  and  turned  red  sod  their 
gelatinous  envelope  nearly  dissolved ;  68.  A  side  view  of  the  same;  69.  A  single  eDcyated 
gonidium.    Figs.  69  to  6a  (except  61),  x  100 ;  figs.  61  &  69,  X  400  (Henfrey). 
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PLATE  XX.  (Phttotoa). 

Pignres  1-14.  Pol^ma  Uyella,  forms  and  derelopmesit  of:  1.  Perfect  form,^  2. 
Same^  acted  on  by  chromic  acid,  which  has  separated  the  primordial  oeil  from  the  external 
enTelope;  3-6.  Stages  of  fission-process;  7.  Kesting  stage;  8.  External  membrane  broken 
up  into  granules ;  9.  Fission  into  four ;  10-12.  Arrangement  of  secondary  or  "  dau^ter  " 
cells ;  13w  Contraction  of  body  within  external  enrelope ;  14.  Body  retracted  from  ante- 
rior extremity:  x300  (Schneider).  15-21.  Fission  and  formation  of  miorc^nidia  in 
Chldogonium  euchlorum.  22,  23.  Pandorina  Morum  (?) :  22.  A  presumed  form  of, 
with  enOTsted  immature  frt)nds,  Xl50;  23.  Another  presumed  form,  x220.  24. 
Chlamydoooccns  (?),  a  presumed  form  of;  the  two  internal  globular  cells  of  a  clear 
mbj-crimson ;  the  moying  granules  probably  monads ;  suggested  to  be  Spermatozoa,  x220 
(Ciurrey ).  26.  Volrocina,  a  developmental  phase  of  one  ^  the,  haying  encysted  gonidia. 
aa-28.  &|yncr7ptayolyox,  x260.  29,30.  SynuraUyella:  30.  Section  of  a  group  (Ehr.). 
31.  Uroglena  Volyox.  32.  Volyox  Globator.  33-49.  Illustrations  of  structure  and 
defyelopment  of  Yolyox  Globator  (Busk  and  Williamson) :  33.  A  section  showing  parietal 
cells  and  contained  ffemmae ;  34.  Portion  of  edge  of  an  embryo  Yolyox  yieweid  in  the 
equatorial  plane  to  show  the  common  enyelope  and  the  position  of  the  subjacent  cells  or 
gonidia ;  the  last  not  passing  beyond  the  external  gelatinous  (?)  coat  ^usk) ;  35.  Highly 
magnified  yiew  of  thi^  cells ;  uie  faint  lines  between  indicate  t^e  limits  of  the  gelatinous 
enyelope  of  each  cell ;  36.  Section  of  a  specimen  mounted  in  glycerine  (WilL) ;  37.  Cells 
teen  £rom  aboye,  showing  radiating  threads ;  38.  Oblique  section,  mounted  in  glycerine ; 
39-^.  Single  cells ;  42  41, 46, 47.  Progi^Bssiye  development  of  Yolyox  by  firaion ;  45. 
Diagram  of  a  superficial  yiew  of  a  portion  of  a  globe  (WilL) ;  48,  49.  Winter  spores  of 
YoItox  aureus:  48.  An  earlier ;  49.  A  later  and  mature  condition  (Busk). 


PLATE  XXI.  (Protozoa). 

Figure  1.  Amceba  Schultni,  xSdO.  2.  A.  globuhiris,  x3S0.  3.  A.porreota»  x3aO. 
4.  A.  princepe,  xlOO.  5  a,  &,  c.  Amoebiform  ^erms  or  "Proteans"  or  Spon^la.  6. 
liiliola  yulgairis.  7-9.  Aroellayulgaris  ;  8.  A  side  yiew;  9.  Empty  shelL  10.  I>i£Qufi:ia 
eiobulosa,  X 150.  U.  Euglyphaalyeolata,  empty  sheU,  X  340.  12-14.  Gromiaoyifomus: 
12»  A  young  specimen ;  13, 14.  Nuclear  booiee  found  in  (Sohultse),  XSOO.  15.  Arcella 
OkeniL  16.  Uromia  oriformis,  xSOO.  17.  Difflugia  pyriformis.  18  a,  6.  Supposed 
young  forms  of  GTomiaDi:gardinii :  a,  x72 ;  6,  X 180.  19  a-/.  D.  Enchelys :  a,  b.  Different 
forms;  c.  Contents  resolyed  into  granules;  d,  e.  Fission  into  two  and  four  portions; 
/.  Two  indiyiduals  coherent.  20  a,  6.  Early  stage  of  an  ondeecribed  Miliola:  a,  x72 ; 
b,  Xd30  (Schultse).  21,  22.  Miliola  obesa:  2L  A  young  specimen,  x72;  22.  Shell, 
idfter  the  remoyal  of  the  calcareous  matter  by  dilute  acid.  23.  M.  AnconensiB.  24. 
AfiimAl  contents  of  a  Miliola  after  dissolution  of  the  shell  by  add ;  displaying  a  constric- 
tion at  each  half  turn,  and  the  delicate  memlnranous  enyelope  at  the  lower  and  lareer 
extremity.  25.  Comuspira  perforata.  26.  Rotalia  Yeneta,  seen  in  frcmt  27.  Boaedma 
omato,  portion  of  shell  of,  X 100.  28.  Polystomella  yenusta,  x72.  29,  30.  P.  Stella- 
borealis,  seen  in  front,  x72 ;  30.  Portion  of  cell  to  show  structure,  X 180.  3L  Botalia 
Yeneta,  shell  after  action  of  acetic  add,  X 180.  32.  Nuclear  body  from  the  last  chamber 
of  Texdlaria  picta,  Xd30.  33.  Botalia  Yeneta,  x50.  34  a,  6.  Aoermlina  adnosa; 
b.  Natural  sixe.  35.  Aoeryulina  globosa,  portion  of  shell,  x300.  36.  Textilaria  picta, 
X 180.  3^7.  Aoeryulina  globosa,  section  through  thickness  of  shell,  xSOO.  38.  Polymor- 
phins  nlicea,  silidous  matter  detached  by  preesnre,  x300.  39.  Polystomella  strigilata, 
animal  substance  witii  attached  particles  apparently  assuming  an  independent  existence, 
X390.    40.  Portion  of  contents  of  Gromia  JJujardinii    (Figures  20  to  40,  Schultze.) 


PLATE  XXn.  (Protozoa). 

Figures  1-3.  Amoeba  radiosa;  2.  An  older  specimen;  3.  One  nearly  diyided  into 
two.  4,  5.  A.  Limax.  6.  A.  guttula.  7-11.  A.  biUmbosa :  in  7  and  9  the  extemid 
enyelope  stronely  marked  by  a  double  outline;  a  dear  zone  within  it;  9.  First  sta^ 
of  encysting;  10.  A  nucleus  with  a  central  dear  space,  and  one  with  two  nucleoh; 
11.  A  specimen  acted  on  by  solution  of  iodine ;  contained  starch-granules  coloured  blue. 
12-18.  A.  actinophora :  in  13  two  pulsating  yesides  occur ;  15.  Specimen  acted  upon  by 
acetic  add,  showing  double  outline  of  integument ;  16  contains  refracting  partides  of  a 
crystalline  form ;  17.  Some  such  particles  isolated,  and  more  highly  magnified ;  18.  Two 
coherent  indiyiduals,  indioatiye  dther  of  fission  or  of  coxnugation.  19.  Uadium  marinum. 
20-23.  Amoeba  bilhnbosa :  20.  Treated  with  iodine,  the  starch-granules  coloured  blue; 
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aL  An  enojitod  ipeoiiiMn ;  22.  A  raptmred  and  empty  cyst ;  23.  Probably  the  art  of 
tenon.  The  large  circular  body  lying  between  the  two  halTes  ia  an  encyaled  Oxjtriofaa 
which  has  beoi  taken  up  by  the  Amceba.  24-27.  Cypfaidumi  anreolum.  28»29.  Orega- 
rina  Sipunculi ;  29.  A  double  being,  the  result  of  mion.  30-32.  Progreenre  dcTekfK 
ment  of  the  contents  of  a  Gregarina  from  an  Annelid  (Ccenurus  Tariegata)  into  paeooo- 
naTioellft, — in  other  terms,  tiu^d  pseudo-naTioella  omniles.  33.  G-.  daratBi.  3ft.  0. 
Sic^ldii,  full-grown.  36^  36.  G.  Terebdlse;  36  exhifaitB  lonmtodinal  ooatei  37.  A 
group  of  Psorospermia,  from  a  cyst  in  the  eye  of  a  Ofprinaa  Tinoa.  38  a,  &,  e.  Fi^ 
Brown Psorosperuiia :  g, riewed in Pont,  x900;  6,  seenfromaboTe;  g,onopeaide.  From 
2be'  Teaicula  of  Oadus  lota.  39.  Psorospermia  from  a  cutaneous  cyst  on  a  GastenafeBOf 
(Stickleback),  x580.  40.  Psorospermia  from  a  cyst  of  Gosterosteus  acnleatos;  a  group 
showing  the  different  stages  of  derelopment  41.  Psorospermia  borat  by  pit—mt  from 
^prinus  Brama;  b,  the  contained  amoebifonn  body  isolated,  x900.  «2l  Bpipyiig 
Utriculus.  44,  4S.  Microtheoa  octooeros.  46.  Opalina  LumbricL  4^.  O.  araMta» 
transrerse  fission.    4B,  49.  Dinobryon  Sertulsria. 

PLATE  XXm.  (Pbotozoa). 

FigQTM  If  2.  Actinophrys,  figured  as  one  phase  in  the  develcqmient  of  TortiesUa 
microstoma  by  Stein:  a,  external  coat;  6,  nucleus;  c,  Teside.  In  2  a  rilialyd  cmfasyo 
appears  withm  a  distinct  sac  3-6.  Podophrya  fiza  ^X  represented  by  Stein  aa  taoAet 
pinse,  besides  figs.  1  and  2,  in  the  development  of  Vortaoella  microatoma.  A  ciliated  gena 
u  seen  in  4.  whidi  in  5  is  about  to  escape.  6-8.  Other  fcHrms  of  Podophryean  Arwm^a^  m 
fllgured  by  Stein :  6^  7.  As  treated  with  acetic  acid ;  the  derelopment  of  an  embryo  from 
the  nudiras  is  shown  in  figs.  7  and  8.  9-14.  Yortioella-cystB,  after  Stein's  figures.  In  9 
the  nucleus  is  resolred  into  monadiform  germs ;  10, 11.  I>eTelopment  of  cyat^onteoti  into 
aeoondaiy  cysts,  which  aro  further  seen  in  figs.  12  and  13  as  become  fumform  and  protruded 
thrcmgfa  the  wall  of  parent  cyst,  so  as  to  discharge  their  monadiform  germs  without,  as  seoi 
in  fig.  14.  16^  16.  Acineta  diademiformis,  with  its  embryo.  17-^M>.  A.  linguiftra,  or 
Adnata  with  the  tongue-like  process  attributed  to  Opercularia  berberina ;  20  shows  an 
empty  capsule.  2L  A.  digitata,  ot  Acineta  with  the  finger-like  processes.  22^  23.  Aeinels 
attribtttod  by  Stein  to  Opercularia  liofatensteinii ;  23.  A  speoimoi  acted  on  hj  aoetie  aodL 
24, 26.  Acnnoj^nys  ooulata ;  26  represents  three  individuals  in  the  act  of  ooi^jugatiaB, 
tieated  with  acetic  add.  The  contents  of  Ifwo  have  intermingled ;  a  laige  vacuole  with  £wd- 
partides  lies  between  them.  The  individual  on  the  other  side  is  auni^  coherent  (1-26^ 
Dtein.)  26,  27.  Adneta  finmun-equinum ;  27  shows  the  eso^  of  m  ciliated  emfasyo. 
The  horseshoe-ehaped  nudeus  appears  as  a  dear  space.  28.  Aotancmhrys  SoL  28^  30.  A. 
Bidihomii ;  30.  A  hijriily  maynfied  section  to  show  the  reticulatea  struotore;  31,  32.  A. 
8ol :  31.  In  the  act  of  self-division  (conjugation  ?) ;  32  shows  three  vesicular  eipanaiflwa 
eonoemed  in  the  introduction  of  food,  aiMl  an  eno^ated  animalcule  inat  faroug^  to  the 
•urfiMe.  33-36.  Podophrya fixa;  34.  In  act  of  fission;  36.  Segment  becoming  oioe  inde- 
pendent and  about  to  separate.  36,  37.  Encysted  Podophiyia.  38, 39.  Staees  of  Podo- 
phrya towards  encysting.  40, 41.  Aoinetss  with  embme.  42;  43.  Traaaformation  oC 
the  embryo  into  an  Adneta,  figured  aa  oomntendng  in  43,  and  aa  completed  in  42. 

PLATE  XnV.  (PiOTOioA). 

Vi^^ares  274,  276.  Laorymaria  Proteus.  276,  277.  LeaoophijB  pa^ila.  278.  L 
Spathula.  279,280.  L.Banguinea.  281.  HdophryaOvnm.  282,283.  Prarodon  tens^ 
^4-286.  Cdeps  fairtus.  287,  2B7«,  288,  269.  Trachdiua  Anaa.  290.  T.  Ovmn. 
291-293.  LoxodeaBostrum.  294.  Bursaria Vorticella.  296.  B.leucas.  296.  R  Pupa. 
296*.  Spirostomum  virens.  297,  298.  S.  ambi|[uum.  299.  Phialina  viiidia.  dOO- 
302.  CHauooma  sdntillans.  303-309.  Chilod<m  Cucullulus.  310,311.  Kaasula  eiinazH. 
312, 313.  Amphileptus  Anser.  314-316.  A.  Fasdola.  317-319.  Traehdooeroa  &kr. 
320.  T.  biceps. 

PLATE  XXV.  (Pkwoioa). 

FigarM  321-323.  Aspidiaoadenticulata.  324-328.  EolpodaCuouUua.  32^-332. 
Paramedum  Aurelia.  333.  Uroleptus  Musculus.  334,  336.  Ophryog^ena  aeuminaia. 
336^  337.  O^^tridia  gibba.  338.  339.  Ceratidium  ouneatum.  340,  341.  Koona 
polyporum.  342.  UioetyUt  grandis.  343,  344.  Stylonydua  lannenlata.  346^  34a 
DiMocephalus  rotatorius.  347,  348.  Himant(^>horus  Charon.  349.  Chlamidodon 
Mnemosyne.    360-363.  Euplotes  Charon.    36^  366.  P^gora  MeUoert».    366.  Idi- 
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Imlimn  Podura.    367,  368.  Ohietonotos  Laros.    360|  360.  CHenopbon  Trodhot. 
)61>364.  ^kdstee  cryBtalliniis.    365-370.  Co&oohilQs  YoIyoz. 

PLATE  XXVI.  (Phytozoa). 

The  following^  figoree  are  deriyed  from  M.  Bigardin's  exoellait  tareatise,  *  Histoiie  dee 
[nfii8oireB':~FignTe  1.  Hexamita  nodoloea.  2.  Anthophyea  MullerL  3,4.  Aoineta 
tiberoea ;  in  4  the  cilia  included.  5.  Heteromita  ovata.  6.  Cmmennla  texta.  7.  Polj- 
idmia  yiridis.  8.  Anieonema  sulcata.  9  a,  b,  Oxyrrlus  irmi-ini^  10  a,  b.  PloBotia  Titrea. 
LI.  Heteronema  marina  12  a,  b.  Zyzoeelmis  nebulosa.  13.  Peranema  globulosa.  14. 
I?yolldinm  dietortum.    16.  0.  ahecJHBuiii.    16  a,  b,  Aoomia  Cjolidiam ;  6,  eelf-diyiding.  ^ 

PLATE  XXV 11.  (Protozoa). 

Figoree  1-9.  Vortioella  microBtoma :  1.  With  a  bud  growing  from  its  base ;  2.  A 
mecimen  about  to  detach  itself  from  its  stalk,  and  baying  a  posterior  wreath  of  cilia;  3.  Self- 
urision  proceeding ;  in  4  oompleto ;  Sd^b^c^d.  Enoysting-process ;  6  e.  A  ^st  ruptured  br 
treasure,  givins  exit  to  the  included  Vorticella,  apparently  undianxed ;  6.  Apposed  transi- 
aonal  forms  from  rudimentary  campanulate  organisms  to  un<£)ubted  YoHaoeUA ;  7-9. 
Process  of  enojstinff ,  and  progressiYe  disappearance  of  special  organs.  10-16.  Vaginicola 
aystallina:  10.  Self-diyifflon ;  U.  One  of  the  fission-products  contracted  and  ready  to 
»oape  by  means  of  its  posterior  wreath ;  12-16.  Actnetse  formed  from  VaginicoIsK.  16-23. 
Epistylis  nutans :  16.  Two  individuals  on  a  stem ;  the  ciliary  appunttus  protruded  in  one, 
contracted  in  fbe  other ;  17, 18.  Supposed  AcinetsD ;  Adneta-boay  of  the  Epistylis ;  in  17 
be  wavy  outUne  indicates  the  contractions  taking  place  in  the  integument ;  in  18  the  out- 
rtretcbed  ciliary  fibres  or  processes^  two  nuclei,  and  a  large  contractile  resiole  are  risible ; 
b9.  Another  such  body,  with  its  surface  much  contracted,  and  its  contained  subsUmce 
rasted  by  the  development  of  embryonic  nuclei ;  20.  Another  figure  assumed  by  the 
Ldneta-body ;  21.  The  ultimately  withered  state  arrived  at  by  the  Aoineta-body  of  an 
Spistylis,  after  the  exhaustion  of  its  contained  formatiTe  blastema  by  the  repeated  produo- 
ion  of  embryos ;  22^Z3.  "Very  young  forms  (probably)  of  the  Epistylis  nutens,  and  appa- 
ently  the  £j[iis^lis  BotaTtis  of  Ehrenberg. 


PLATE  XXVm.  (Peotozoa). 

Figures  1-3.  Nassula  ambigua:  1.  Under  surface;  the  two  long  articulated  filaments 
rithin  are  portions  of  Oscillatoiiie;  c,  vesiole;  ,<^  nudeus;  2.  Encysted  specimen ;  3.  Ani- 
oaloale  forced  from  its  cyst  by  pressure.  4-7.  Glaucoma  scintilfans :  4.  Under  surface ; 
K  An  eneysted  being,  seen  in  6  undersoing  transverse  fission,  which  in  7  appears  oblique, 
mmg  to  a  change  of  position  of  the  resiuting  segments.  8|  9.  F^rodon  teres :  9.  Its  nucleus 
urmounted  by  a  rim-like  nucleolus.  10.  Stylonychia  MytUus.  (1-10,  Stein.)  11-16. 
f  assola  elegans :  in  U  internal  germs  occur  in  a  cavity  (uterine)  communicating  externally 
ly  a  canal  (oviduct) ;  12.  Qerm  loosing  itself  from  Ibe  parent ;  13.  A  fission-product 
ndosing  a  germ ;  14.  Germ  developing  Adnetiform  tentades ;  16.  Nudeus  terminated 
\t  ito  narrow  end  by  a  nudedus.  IB.  Stentor  Miilieri,  surrounded  by  an  envelope  with 
nonads  in  its  interior ;  17.  Same,  animal  contracted  in  ito  case.  (11-17,  Ck>hn).  18, 19. 
Vaginicola  valvata.  The  valve  is  seen  dosed  at  6  in  fif  .  18 ;  fission  has  occurred  botii  in 
liis  and  in  19,  but  the  animal  ii  confiaoted  in  the  rormer,  and  expanded  in  the  latter 
izami^ ;  in  19  the  valve  appears  as  a  streak  paralld  with  one  siae.  20-23.  Ls^tia 
dridis:  20.  Head  of  a  young  indiridual ;  21.  Lateral  view  of  animal  and  of  ito  ciliated 
lead ;  22.  Tip  of  one  of  the  lobes  of  ciliated  head ;  23.  Animal  witii  front  view  of  head. 
18-23,  Wriji^t)  24-26.  Otostoma:  the  oral  carity  is  seen  as  an  ear-shaped  space;  in26 
wo  Teaides  also  are  seen  opening  externally.  (Carter.)  27-30.  Ooenomorpha  Medusula. 
II.  Panophrys  griseola.  32.  Habrodon  curvatus.  33,  34.  Blepharisma  hyalina.  36. 
!)inetochilum  margaritaoeum.  36.  37.  Cydogramma  rubens.  38,  39.  Stichotrioha 
ecunda.  40-42.  Pt^dium  ovulum;  in  42.  Act  of  fission.  43,  44.  Sticbotricha 
ecunda.  46.  Colobidium  pdluddum.  46,47.  Mitopbora  dubia.  48,49.  Apionidium 
nodestum.  60,  61.  Lembadion  btdlinum.  62-64.  Basonidium  remJgans.  66-67. 
^pisthiotricha  tenuis.  68-60.  Megatricha  partita.  61.  Acropisthium  mutabile.  62,  63. 
^iagontherium  tenue.  (27-03,  Party.)  64  a^k.  Enchdys  Farcimen,  illustrating  chanpre  of 
brm  consequent  on  Ibe  introduction  of  food.  66-71.  Nassula  viridis :  66.  Natural  torm, 
X370;  66,  67.  Cysts;  70,  69, 68^  71.  Devdopment  of  oyst-contento  into  monadiform 
^erma,  endoeed  within  saonilar  theos,  and  at  length  discharged  externally  as  in  fl^.  71: 
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xdOO  (Cifliikowaky).    72,73.  End^yi  Pupa.    74-78.  SMonjcfaia  poitalate:  74.  & 
•niinalouleenoTitod,  xdOO.    76^  76.  Boteting  oelli  within  Uie  cjtt»,  X220  (OdpkowriEy). 

\ 

PLATE  XXIX.  (PioToioAi) 

Fif;are  1.  Vortioellm  CkmiMmiila,  Tiewed  from  the  Tentnl  uspetiL  2.  CarcliMiiiB 
oolypinum,  riewed  in  front  and  direotlj  upon  the  ciliated  diic:  t,  the  mouHi ;  e;  the  anna. 
8.  Soyphidiia  limadna.  4.  Operookna  berberina,  seen  from  the  back.  5^  6.  Chatosfna 
Mullen :  6  repreienti  the  animal  in  motion.  7.  Stentor  polymorpbaa,  ehowing  rwrnsallar 
eanal  around  tne  head  and  along  one  side.  (1-7,  Leohmann.)  S-13.  S.  OBruieoi,  and  iti 
aappoeed  internal  serms  or  embryos  in  different  stagee  of  derelopment  (Bckfaard).  1^  1& 
Tnchodina  Pediomus :  14.  A  Uteral  view ;  15.  Anterior  eztremitj.  16.  T.  mitea.  17. 
T.  Pedioulus,  a  dead,  dirtended  spedmeiL  (14-17,  Stem.)  18.  Stylonjcfaia  poetalata, 
eno/Bted  (Stein).  10,  20.  Amphileptuji  £Moiola:  seen  enojited  in  fig.  19,  and  aa  eK^nd 
from  the  oyst  in  flg.  20.  21-24.  Oxjtricha  Pellionella:  2L  Encysled;  22.  Cpt  aded 
upon  b^  hvdroohlorio  add ;  23.  Animal  reTived  in  iti  ojit  prior  to  its  escape ;  24.  The 
free  animal  26-34.  Parameoinm  (Loxodes,  Cohn)  Bursaria,  its  structure  and  develop- 
meat :  26  to  show  circulation  of  contents ;  26.  Portion  of  integument  higfalj  magnifiea  ; 
(19-2a,  Cohn;)  27.  Transrerse  fission ;  28.  Nudeoa  seen  at  r,  the  nudeolua  at  tf ;  29. 
Bmbryo  attadied  to  the  nucleus ;  30.  Embryo  escaped  but  still  adherent  by  adnetifona 
tentacles ;  31.  Nucleus  and  attached  nucleolus  separated  by  acetic  acid ;  3^  33.  Hodeiis 
and  nucleolus  during  fission  of  animal ;  34.  Nucleus,  nudeolus,  and  oommeocing  embiyo. 
36-47.  KolpodaCucullus,  illustrating  its  forms  and  derelopment :  37.  Acted  on  by  aleofaoi 
lo  bring  its  nucleus  into  Tiew;  38.  An  animal  contracted  into  a  spherical  shape;  39.  A 
similar  one  undenoing  fission ;  40.  Encysted  Kolpoda ;  41.  Same,  in  act  of  fisiion ;  42. 
Fisrion  oompletea ;  43.  Specimen  treated  with  alcc^l ;  44.  Cyst-oontents  diridad  into 
four;  (r^wall  soft  and  irregular;  46.  Bmbryo  escaping  from  a  cyst;  46.  A rantored 
cyst  ffiring  exit  to  encysted  germs,  as  seen  in  47.  48^-69.  Chilodoo  CuoaUului :  48i.  The 
so-culed  dental  cylinder ;  c,  nucleus  and  nucleolus ;  49.  A  specimen  with  a  lane  wpper 
lip,  equivalent  to  C.  undnatus  (Ehr.) ;  60.  Transrerse,  and  61.  Lmuntudinal  fisnon;  62. 
Contracted  prior  to  encysting ;  ^3, 64.  Cysts ;  in  64  an  embryo  (UTek>ped ;  56.  Appa- 
rently laminated  cyst  discharging  its  contents ;  66,  67.  An  empty  cyst,  with  the  aperture 
through  which  its  contents  have  escaped  remaining ;  68.  A  cyst  containiiue  a  parent  animal 
and  an  embryo;  69.  A  liberated  embfro,  equiTalent  to  Cydidium  Uisaooma  (Ehr.). 
(26-^,  Stein.)  ^      .  ,  - 

PLATE  XXX.  (PROTOSOA,  after  Stein). 

FigtlTM  1-4.  Oneroularia  articukta:  2.  A  highly  magnified  Tiew  of  the  hetti;  3, 4. 
Supposed  Adnetn  of  this  species ;  an  embiyo  shown  in  fig.  4.  6-8.  Ophiydiiim  niiwliki: 
In  6  the  animal  is  seen  extended,  and  in  6  contracted ;  7.  Encysted  animal ;  8.  Its  sop- 
nosed  Acineta.  9, 10.  Cardiesium  polypinum :  10.  A  hi^y  magnified  Tiew  of  its  stem. 
11.  Bpistylis  crassicoUis.  12.  Cothurnia  curra.  13, 14.  C.  Sieboldii :  14.  A  side  Tiew. 
16, 16.  C.  Astad :  16.  Animal  contracted  17-26.  Spiroohona  gemmipara,  and  its  devekp- 
ment :  17  exhibits  a  gemma ;  18-20.  PromssiTe  derelopment  of  the  spiral  bead  in  a 
gemma ;  21.  Encysted  gemma ;  22.  Supposed  Acineta  (the  Dendrocometes)  in  ita  earl  j  st^ ; 
23.  As  frilly  deTeloped;  24.  Embryo  (seen  in  23)set  free;  26.  A Dendxocometos*  without 
arms,  but  with  a  contained  embir o ;  26.  A  fr<ee  embryo  rerolTing  on  its  kmg  axis.  27, 28. 
Spiroohona  Scheutenii ;  28.  AiW  the  action  of  spirit  of  wine.  29-36.  LMno^^mra 
Yaginicola,  its  structure  and  deTclopment:  In  29  a  gemma  is  seen  in  the  act  ofttsion ;  in 
30  the  animalcule  has  its  rotatory  apparatus  retracted ;  31  shows  the  detachment  of  the 
head  of  the  animal  from  the  mouth  of  its  sheath,  to  allow  escape  of  a  eemma;  32.  Act  of 
fission ;  33.  Formation  of  a  gemma  at  posterior  extremity ;  34.  Sererd  senmMe  enclosed; 
36,  36.  Act  of  fission ;  complete  in  fig.  36,  where  the  parent  segment  is  detached  from  the 
orifice  of  the  sheath,  leaTing  a  portion  of  its  interior  extremity.  37.  Opercularia  miero- 
stoma:  A,  extended;  b,  contracted. 

PLATE  XXXI.  (Pbotozoa). 

Fi^fnres  1-4.  Bursaria  leucas,  and  the  position  and  structure  of  the  tridiocysts  found 
in  its  mteffument:  1.  x90;  2.  Diagram  of  the  margin,  to  show  pontion  of  triohocysts in 
">?/onnd  kyer ;  3.  Trichocysts  projected  from  the  surface  after  the  u>plioation  of  aoetie 
acid ;  4.  Detached  spiral  triohocyBts  in  the  second  stage  of  eyolution  fimn  elongated  ofal 
corpuscles  (AUman).    6-6.  Corethria  SertuUriap :  in  6  the  two  sorta  of  processes  are  boOi 
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Been ;  that  in  the  right  is  the  normal  form ;  6.  More  magnified  view  of  the'fuaiform  procen, 
showing  ^e  terminal  depression  or  aperture.  7-13.  £Eigotia  produota,  its  structure  and 
derelopment :  7.  Animal  extended,  in  8  contracted ;  9,  10,  11.  Larra  or  embryo ;  10 
represents  it  attached ;  12.  Diagram  of  structure  of  the  sheath,  showing  the  ectoderm 
(coU^oderm)  at  a,  the  ohitinous  tube  at  b,  and  the  endoderm  tttc;  d  points  out  the  mode 
of  oreirlapping  of  the  several  segments  of  tube ;  13.  Highly  magnified  view  of  a  portion  of 
tube.  14, 15.  Zooteireardigata:  14.  Animal  expanded;  15.  Contracted.  (5-15,  Wright.) 
16-20.  Peridinium  uberrimum:  17.  Seen  on  opposite  side  to  that  shown  in  15;  18. 
Tnmflrerse  fission ;  19.  Same  specimen  after  the  application  of  solution  of  iodine ;  20. 
Nucleus  isolated  (Allman).  21,  22.  P.  depressum :  21.  A  side-,  22.  A  front-view.  23. 
P.  longipee.  (16-23  after  Bailey.)  24-27.  J[)ysteria  armata:  25.  Parts  of  mouth ;  26,  27. 
Process  Detween  two  styles :  26.  A  front-,  and  27  A  side-view  (Huxley).  28.  Turbanella 
hyab'na,  dorsal  view:  <2,  the  muscular  oesophagus;  a,  testis;  /  mature  egff ;  «,  ovary 
( X350).  29,  30.  Ohectonotus  maximus :  29.  Dorsal  view  ( x350) ;  30.  ALsteral  view. 
31.  Ideal  section  of  ISirbanella  hyalina  through  the  generative  organs.  (28^1,  Schultse.) 
32-39.  Noctiluca  militaris:  (32.  N.  punctata,  Busch:  a,  oral  cavity  or  hilum;  ^,  sharp- 
bordered  rod ;  c,  nucleus ;  d^  proboscis  [cilium] ;  /,  brown  corpuscles,  after  Busch ;) 
33.  Front  view,  a,  the  tooth;  6,  oral  aperture;  c^  position  of  supposed  anus  (afW 
Webb) ;  34.  Dorsal  view,  showing  the  groove ;  and  35.  A  latero-infenor  view,  displaying 
the  oral  cavity  with  the  tooth,  d ;  the  cilium  a  gastric  pouch,  e ;  and  a  presumed  anal 
aperture  (Huxley) ;  36-39  (after  Busch) :  36.  A  germ  m  process  of  development ;  37. 
Brown  granular  body,  seen  at  /  in  fig.  32 ;  38.  A  germ ;  39.  Further  advanced,  acquiring 
fche  ohanicters  of  a  Noctiluca. 

PLATE  XXXn.  (RoTATOMA). 

Fiffures  371, 372.  Microoodon  Clavus.  373.  Ojiphonautes  oompreesus.  374-378. 
Koealotrocha  albo-flavicans.  379-382.  Tubioolaria  N^as.  383,  383*.  Stephanooeros 
Eicnhomii.  384,  385.  Flosoularia  omata.  386,  387.  Melicerta  ringens.  388-392. 
Limnias  C^ratophylli.  393.  Enteroplea  Hydatina.  394.  Hydatina  senta.  395^  396. 
Pleurotrooha  gibba. 

PLATE  XXXin.  (EoTATOBu). 

Ftg^nres  397,  398.  Furoularia  Beinhardtii.  399  &  417.  Monooeroa  Hoomit. 
I00-4O2,  &  426.  Polvarthra  platyptera.  403.  Diglena  lacustris.  404,  405.  Dw 
rrandis.  406-408.  Tnarthra  lonfiseta.  409.  Rattulus  lunaris.  410, 411.  Distemma 
?orficula.  412  &  414.  Triophtluumus  dorsaUs.  415.  Bosphora  NiHas.  416.  Notonk- 
nata  Copeus.  418-420.  N.  Myrmeleo.  421.  N.  Tigris.  422.  SynchsBta  peotinata. 
123,  42^.  Scandium  longicauda. 

PLATE  XXXrV.  (Rotatoria). 

Fignres  425 ^  426.  (>cloglena  Lupus.  427-^429.  Tbeorus  vemalis.  430-433. 
[icpadella  ovalis.  434-4^.  Monostyla  quadridentata»  438-440.  Mastigocerca  carinata. 
141-444.  Euchlanis?  triquetra.  445, 446.  E.  Lynoeu&  447-453.  Salpina  muoronata. 
154-456.  Dinocharis  Pocillum.  457-459.  Monura  dulds.  460-462.  Golurus  deflexus. 
^3-465.  Metopidia  Lepadella.  466, 467.  Stephanope  lamellaris.  468,  469.  Squa- 
Delia  oblonga.    470-473.  Callidina  elegans. 

PLATE  XXXV.  (Eotatoma). 

Figure  474.  Hydriaa  comigera.  475.  Typhlina  viridis.  476-480.  Botifer  vul- 
aris.  481-484.  Actinnrus  Neptunius.  485^  486.  Monolabis  oonica.  487-489. 
>hilodina  aculeata.  490.  P.  roseola.  491-494.  NoteuB  quadricomis.  495-497. 
Lnuroa  Squamula.  498.  A.  stipitata.  499-501.  Braohionus  polyaoanthus.  502-504. 
Herodina  Patina.    506.  P.  dypeata. 

PLATE  XXXVI.  (Botatowa). 

Figure  1.  Melioerta  ringens,  protruded  and  fully  expanded,  with  the  upper  part  of  its 
ibe  at  a ;  b,  one  of  the  tactile  tubes ;  the  circular  disc  at  c  is  the  pellet-cup ;  at  m  are  the 
iws  and  gizsard  (oesophageal  head) ;  and  below,  the  stcHnach;  c,  a  much  less  magnified 
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fpecimeii,  partiallj  m-otradad  from  its  tube,  whidi  is  here  ahown  entire,  x30Q.  2.  lim- 
nias  Cenitoph jUi :  uie  end  is  protruded  beyond  the  imooth  tube  or  Bheath ;  at  e  if  the 
projecting  chin.  3.  Notommata  aurita,  yiewed  laterally,  contracted :  it  exhi^ta  the  obbo- 
phageal  head  and  jaws  (6),  the  intestine,  the  large  OTarium,  the  contractile  sac  bdow,  the 
grape-like  ganslionio  mass  in  the  head(y),  and  the  tortuous  ressels  on  each  side,  numin£ 
the  length  of  the  body.  4.  The  same  animal  extended  and  rotating ;  the  ear-like  dlisted 
appendage,  whence  the  specific  name,  is  seen  on  each  side  of  the  bead.  4  a.  The  dlisted 
lobes  of  the  rotary  organ ;  6,  the  gizaurd,  with  its  jaws ;  ^,  the  cerebral  (?)  mass ;  k^  glands 
abore  the  stomach ;  o,  large  matured  egg  in  the  orary.  5.  Notommat*  aorita,  Tiewsd 
dorsally,  the  risoera  omitt^  to  show  the  muscular  system ;  the  tnmsrerse  musi^  sre 
seen  at  ^  and  the  longitudinal,  crossing  them,  at  < ;  the  grape-like  ganglkmie  man 
appears  connected  with  special  muscles,  as  also  the  gizsard,  traced  in  dotted  ootline,  and 
the  telescopic-working  tail  or  foot  {h)\  the  looped  band  at  the  head  (o)  indicates  the 
tubular  cavities  in  the  head-mass.  6.  The  same  animal,  showing  dii^y  its  water-vascular 
system ;  the  large  sac  near  the  bottom  of  its  oarity  (v)  is  the  contractile  bladder,  firom 
which  proceed,  on  each  side,  convoluted  tubes  (tcNrtuous  vesicles)  furnished  with  tremulous 
respiratory  tags,  as  near  a ;  the  transverse  muscular  bands  seen  at  ^.  6  *.  The  dental 
apparatus  of  the  giszard  as  seen  in  action.  7,  8.  The  male  of  Asplanchna  priodonta: 
7.  s.  V. ;  8.  f.  T.  The  cavity  is  seen  occupied  chiefly  by  the  large  testes  in  fig.  7 ;  the 
sperm-duct  is  represented  opening  externally  at  the  pointed  bMe.  9.  The  female  of 
Asplanchna  priodonta:  at  a  are  the  gill-like  fissures;  a  large  oral  cavity  opeDS  into  a 
narrow  oesopoagus,  which  ends  below  in  a  stomach.  One  of  the  strong  langitudinal 
muscles  is  displayed,  also  tortuous  vessels  and  ciliated  tags,  with  an  ovary.  10,  IL  The 
jaws  of  the  Asplimchna  detached. 


PLATE  XXXVAL  (Botatoria). 

Figure  1.  Stephanooeros  Eichhomii:  a,  sheath;  6,  pharynx;  c,  proventriculus,  or 
crop;  dy  maxillary  head  with  jaws;  e,  stomach  with  large  glandular  cells;  /,  intestine  or 
rectum ;  g,  ovary  with  contained  ova  {a  at  pedicle  ind^ates  the  longitudhial  muscles  in 
that  segment) ;  tt,  respiratory  canal  and  tags.  2.  Ovary  and  the  enveloping  membranoni 
sac,  or  uterus,  extending  from  it,  containing  ova  in  different  stages  of  development :  <x, 
stroma  of  ovarv  with  inherent  ova ;  the  darker  segment  probably  indicates  the  position  of  a 
winter  ovum  developing ;  ^,  ovum  dividing ;  c,  ovum  in  which  division  of  yelk  has  been 
several  times  repeated ;  d^  an  ovum  in  which  the  rude  outlines  of  the  eoAnyo  are  distan- 
guishable,  the  two  eyes  at  <f,  and  the  sac  with  the  so-called  urinary  concretion  at  ir ;  / 
points  to  the  uterine  or  ovarian  enveloping  membrane.  3.  A  very  young  Stephanooeros. 
4.  An>mbryo  of  Stephanoceros  immediate^  after  its  exit  from  the  shelL  5.  An  ovum  of 
Lacinularia.  6.  Another  ovum  of  the  same,  its  yelk  in  process  of  fission.  7.  A  portion 
of  the  ovary  of  the  same,  with  four  contained  ova.  8.  An  ovum  of  the  same,  in  which 
division  has  been  repeated  several  times.  9.  Another  ovum,  wherein  fianon  has  been 
repeated  until  the  yelk  is  broken  up  into  a  number  of  cells.  10.  A  young  embryo  of 
Lacinularia  immediately  after  its  exit  m>m  the  egg.    11.  Another  embryo,  mrther  develoned. 

12.  Termination  of  a  tentacular  process  of  Mdicerta  ringens,  showing  the  piston-like  disc, 
capable  of  retraction  by  a  muscular  band  affixed  to  it,  and  surmountM  by  a  brush  of  cilia. 

13.  A  view  of  the  same  process,  with  the  brush  of  cilia  extended.  14.  The  same,  with  the 
cilia  retracted.  IS.  Ajn  embryo  of  Melicerta  ringens,  whidi  has  attached  itself  and  has 
commenced  the  formation  of  its  case  or  sheath.  M.  An  embrro  of  the  same  animal  as  it 
appears  when  swimming  freelv.  17.  Melicerta  ringens,  fiilly  developed,  with  the  lobes  or 
petals  of  ito  ciliary  wreath  (a)  fuDy  expanded ;  h,  uncini ;  c,  ciliated  process,  representing 
a  fifth  lobe;  dd,  tentaoula,  as  shown  in  figs.  12,  13,  14;  e,  jaws;  ^,  lower  or  second 
stomach ;  A,  intestine ;  k,  coloured  globules ;  A  suctorial  end  of  pseudopodium ;  m,  musdes ; 
92,  ^land ;  o,  ovum.  18.  Two  muscular  faisciculi,  showing  transverse  maridnga.  19. 
Lacmularia  sodalis:  a,  pharynx;  6,  maTillie,  or  jaws;  c,  muscular  crop;  d,  stomadi; 
e,  lower  segment  of  stomiaoh,  terminating  in  a  narrow  rectum  and  anus  at  if;  a,  a  ^Lan- 
duUr  (?)  process ;  A,  ovary ;  t,  respiratory  canal ;  k,  pedicle  (Huxley).  20.  Huxills  of 
Lacinularia  sooialis.  21.  Winter  ovum  in  act  of  division.  22.  Segmentation  of  a 
portion  of  the  ovary,  of  a  difierent  character  from  the  rest,  in  prooess  of  forming  a  winter 
ovum.  23.  Maxilhe  of  Melicerta  ringens,  in  bulb.  24.  Wuter  ovum  of  Lacinularia. 
25.  A  portion  of  ovary  of  Notommata  centrura :  a,  the  homogeneous  germinal  spot ;  6,  the 
clear  areola  around  it ;  c,  yelk-matter.  26.  Maxilhe  of  Mi^oerta  ringens.  27.  Wmter  oTum 
of  Asplanchna  Sieboldii  treated  with  solution  of  soda.  28.  Winter  ovum  in  its  natural 
state.  29.  Male  of  Asplanchna  Sieboldii,  viewed  firom  the  abdominal  surfiMe:  a  a,  the 
anterior  short  arms ;  6  o,  the  posterior  longer  arms ;  c,  testis,  or  spermatic  sac,  filled  with 
apermatoioa;  rf,  wator-vascuUroanaL    30  a,  6,  <?,  <i,  s,  /  The  corpusda  of  the  pi«oeding 
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at  e  represent  the  earliest  stage  of  the  spermatio  particles ;  those  at  a  the  mature,  including 
the  rod-Uke  particles.  31.  The  maxillse  of  Asplanchna  Sieboldii ;  the  striated  muscular 
bands  moying  them  are  very  distinct  32.  The  female  of  Asplanchna  Sieboldii:  a, 
pharjnx ;  A,  cells  of  stomach ;  c,  horseshoe-shaped  ovary ;  d^  sacciuar  or  uterine  portion 
of  oTiduct,  or  ovarian  sac,  with  contained  mature  ovum ;  ^,  contractile  vesicle ;  /,  tags  of 
water- vascular  canal ;  ^,  ditto ;  y,  muscular  {?)  cushion  within  dliarj  wreath  supporting 
spines. 

PLATE  XXXVIII.  (Rotatoria). 

Figure  1.  Botifer  inflatus,  body  extended ;  rotary  apparatus  withdrawn.  2.  The 
same  Kotifer,  with  the  horn-like  appendages  of  its  rotary  apparatus  expanded.  3.  The 
same  Botifer,  strongly  contracted  into  a  globular  form.  4.  Philodina  erythrophthahna,  in 
a  contracted  condition,  as  found  when  dried.  5.  Euchlanis  triquetra,  viewed  on  the  under 
side :  a  points  to  the  lining  membrane  of  the  lorica  in  which  the  muscles  are  inserted ; 
b,  muscles ;  (?,  ganglionic  enlargement ;  dy  respiratory  tube ;  «,  areolar  tissue  of  head ; 
/,  cesophagus,  or  tube  between  maxillary  head  and  stomach.  6.  Anurssa  heptodon.  7. 
Brachiouus  rubens,  the  young  just  emerged  from  the  shell.  8-10.  B.  Bakeri :  8.  Ynnng 
from  the  egg ;  9.  Summer  ^gg ;  10.  Winter  egg.  11.  Notommata  centrura,  a  portion^ 
the  respiratory  tube,  with  the  ciliary  tags  within.  12.  Termination  of  a  tag,  with  the 
cilium  within.  13.  A  portion  of  a  water-vascular  canal,  with  ciliated  tags  of  Asplimchna 
Sieboldii.  14.  Diagram  of  head  of  Brachionus  polyacanthus,  viewed  from  the  mouth 
side.  15.  Diagram  of  head  of  the  same,  viewed  from  above.  16.  A  portion  of  the  cerebral 
ganglion  and  of  the  nerves  proceeding  from  it,  and  the  eye  consisting  of  two  portions. 
17.  Eye  of  Brachionus  Bakeri,  detached.  18.  Eye  of  Euchlanis  unisetata.  19.  Eve  of 
Caligus.  20.  Diagram  of  head  (trochal  disc)  of  Philodina.  21.  Diagram  of  same,  viewed 
from  the  mouth  side.  22.  Battulus  carinatus.  23,  24.  Salpina  spinigera.  25.  Noteus 
quadrioomis,  dorsal  view:  a,  maxilhe;  c,  anterior  spinous  cornu  of  lorica;  cc,  posterior 
comu ;  dj  ovary ;  /,  vesicle  of  water- vascular  system ;  «,  canal  of  ditto ;  A,  stomach ; 
(,  muscles.  26.  Notommata  centrura,  dorsal  view,  surrounded  by  a  mucous  external 
envelope,  and  lined  by  a  subtegumentary  lamina  or  dermis :  by  antenna ;  c,  glandular  sac 
around  ossophagus ;  d,  elongated  process  of  rotary  organ,  called  the  under  lip ;  e,  tags  of 
respiratory  canal ;  /,  stomach,  with  large  glandular  cells  of  its  wall ;  ff,  intestine ;  A,  pan- 
creatic glands ;  «,  vesicle  of  water-vasciUar  or  respiratoiy  system ;  ^,  cerebrum ;  I,  canal  of 
respiratory  tube  surrounded  by  a  granular  coat ;  o,  ovary ;  p,  ovum ;  w,  muscular  bands ; 
g,  chitinous  lining  of  oesophagus ;  r,  transverse  muscles.  27.  Brachionus  Bakeri :  a,  lorica 
or  carapace ;  A,  posterior  horns ;  c,  anterior  horns ;  d,  lobes  of  trochal  disc ;  e,  siphon  or 
antenna;  /,  gastric  canal  or  oesophagus;  y,  convoluted  respiratory  tube;  /,  pancreatic 
glands.  28.  Asplanchna  priodonta:  a,  longitudinal  muscles;  &,  oesophagus;  c,  stomach; 
rf,  ovary ;  «,  pharynx.  29.  Pterodina  Patina,  foot  not  shown :  a  c,  convolutions  of  respi- 
ratory canal;  d,  longitudinal  striated  muscles.  30.  Polyarthra  platyptera:  a,  ciliated 
tubercular  processes  of  head;  c,  compound  feathery  processes  used  as  locomotive  organs; 
d.  mature  ovum  adherent  externally ;  m,  striated  longitudinal  muscles.  31,  32.  Poly- 
chietufl  subquadratus.  33.  Maxillie  of  Notommata  vermicularis,  with  the  red  eye,  con- 
sisting of  two  portions  (a).  34.  Maxilla  of  Hydatina  senta.  35.  Maxillae  of  Albertia 
vermicularis.  36.  Albertia  vermicularis,  x  200.  (Figured  after  Dujardin,  Huxley,  Leydig, 
and  Perty.) 

PLATE  XXXTX.  (Eotatobia). 

Figures  1-3.  lindia  toruloea:  1.  Botary  organ  retracted;  2.  Dental  apparatus  of 
ditto;  3.  Botary  organ  expanded.  4-7.  Euchlanis  dilatata:  4.  Female,  lymg  on  its 
back,  abdomen  upwards ;  5.  Male,  lying  on  its  back ;  6.  The  granular  heap  from  a  young 
nude;  7.  Male,  lying  on  its  abdomen.  8,  9.  Notommata  parasita  TEhr.):  8.  Male; 
9.  Female.  10-20.  Brachionus  uroeolaris :  10.  A  summer  ovum  in  Uie  act  of  fission  ; 
11.  The  embryo  escaping  from  a  summer  egg,  with  rupture  of  shell ;  12.  A  young  male 
after  its  escape  from  the  ege ;  13.  A  male  escaping  m>m  the  egg ;  14.  A  young  male, 
older  than  fig.  12 ;  15.  Female,  rotary  organ  fully  expanded ;  16.  Female,  with  four  male 
eggs  in  difiierent  stages  of  development  attached ;  17.  Female,  rotary  orsan  retracted, 
tentacular  process  (calcar)  protruded;  18.  Female,  lateral  view;  19.  Maxillary  bulb 
(mastax),  with  teeth  in  position ;  20.  A  winter,  ephippial,  or  lasting  ovum.  21-24.  Bra- 
chionus militaris :  21.  Female,  lying  on  its  bock ;  22.  Female,  lying  on  its  abdomen ; 
23.  A  winter  ovum ;  24.  A  male  ovum.    (Cohn.) 
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PLATB  XL.  (Sotatobia). 

Figaxe  1.  Hydatina  senta,  female,  lateral  view :  a,  dorsuin  and  oral  earitj,  fttmliti^ 
to  an  apex  at  6 ;  c,  mastax  mtia.  maxilke ;  <f,  canal  between  maatax  and  stomach;  /,  cknol 
orifioe;  y,  Teside;  A,  oyary;  «,  coils  of  respiratoiy  tube;  ^,  cer^nral  ganglion;  L  cfiiMed 
tactile  fossa ;  m,  longitudinal  musdes.  2.  Enteroplea  Hydatina,  the  male  of  Hydattat 
senta.  3.  Ora  in  an  immature  state,  as  found  in  ike  unimpregnated  oran'  of  Hydiftixa 
senta :  a,  germinal  spot ;  by  germinal  yesicle ;  r,  membrane  of  ovum  occupied  with  gmDokr 
yelk-matter.  4.  The  lining  membrane  of  stomach  of  Hydadna  senta,  eretted,  dwznf 
dlia.  5.  Vibratile  tag,  supported  on  its  pedicle,  attached  to  the  resmratoiy  ooiaL  €«  l\se 
male  sexual  organs  (of  Enteroplea  Hydatina)  detached,  and  hi^y  magnified :  a,  peim; 
6,  gland  surrounding  its  bag ;  c,  yesicles  with  granules ;  <f,  fold  of  integument  sarromdinf 
penis  when  retracted.  7.  Detached  spermatozoa.  8.  Stephanops  muticiis,  lea  fiva 
beneath.  0.  Same,  side  yiew.  10.  Another  yiew  from  beneath,  or  the  yentnl  enr&ee. 
11.  Braohionus  Dorcas,  female,  newly  bom.  12.  Same,  male,  newly  bom  (Qomfi 
13.  B.  Miilleri  (male):  a,  head  mass;  b,  eye;  e,  muscles;  d,  porterior  mav;  e,  ipera- 
sao ;  /,  urinary  concretion ;  g,  foot  14.  B.  Pala,  male,  newly  bom.  15.  Same,  sak 
Cigg,  nearly  mature.  16.  B.  Bakeri.  17.  Sacculus  yiridis,  male,  newly  bom.  18.  Siae, 
female,  with  male  oya  attached.  19.  Braohionus  angularis,  male.  20.  K  aroedazift, 
mastax  and  dental  apparatus,  yentral  aspect:  a,  mastax;  b,  malleus;  c,  mani^btinm; 
dy  articulation ;  e,  uncus ;  /,  ilious ;  ^,  ramus ;  A,  fiilcrum ;  t,  muscle  conneotiiig  the  uaem 
with  the  ramus ;  j\  muscle  for  extending  the  maUeus ;  l,  muscle  for  throinng  ia  d« 
manubrium;  A;,  muscle  for  bending  the  malleus;  m,  buccal  funnel;  fs,  saliyaiy  ^ai£i, 
0,  alula.  [These  letters  haye  the  same  signification  where  met  with  in  the  foUowing  Bgara 
after  Gosse :]  21-23.  B.  uroeolaris :  ^.  Jaws  yiewed  nearly  from  above ;  22.  mid. 
apparatus,  lateral  aspect ;  23.  Buccal  funnel,  saliyary  elands,  mastax,  and  dentil  wm- 
ratusy  dorsal  aspect  24.  Diglena  forcipata,  jaws  doise^  ventral  aspect  25.  FIokbWu 
omata,  jaws,  dorsal  aspect.  26.  The  same,  frontal  aspect  27.  Stephanoceroi  Seh< 
homii,  jaws,  dorsal  aspect    28.  Same,  uncus,  oblique  aspect 
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Acarueum,  503. 
AcknantheiB,  872. 
Acfananthee,  873. 
Admanthidium,  872. 
Acineria,  629. 
Adseta,  664. 
Acinetina^  664. 
Acomia,  613. 
Aoropis^uin,  614. 
ActiniscetBy  935. 
ActiniscuB,  935. 
Actinocyclue,  833. 
Actinogomam,  813. 
AcHnopkryina,  243,  558. 
Aotmoplu^s,  559. 
Actinoptjchas,  839. 
Actinanu,  704. 
Ala«tor,571. 
Albertia,  693. 
AJhertiens,  693. 
Alyscum,  615. 
Amblvophis,  641. 
Amcebe,  548. 
Amabaa^  548. 
Amphicampa,  765. 
Amphimonas,  498. 
AmphileptuB,  636. 
Amphipentas,  858. 
Amphipleura,  783. 
Amphiprora,  921. 
AmphitetraB,  857. 
Amphora,  880. 
AnauluB,  859. 
Ancyrium,  501. 
An^iferem,  852. 
Aju8onema»  512. 
Ankifltrodesmiis,  752. 
AntihophTsa,  500. 
Anorsea,  707. 
'Apionidium,  615. 
Aptogonum,  723. 
ArachnoidiseuB,  841. 
Aroella,  554. 
Areellina,  551. 
Arthrodesmufl,  736. 
Arthrogyra,  822. 
Aspidisca,  631. 


AspiditctnOy  631. 
ABplanchna,  691. 
Aetasia,  539. 
Asfastteoj  188,  538. 
Asterionella,  779. 
AsterodiBCus,  838. 
ABterolampra,  836. 
Asteromphalus,  836. 
Attheja,  863. 
Aulaoodiflciis,  843,  938. 
AuliflCUB,  845. 

Bacillabia,  715. 
Badllaria,  784. 
Baoteriaslarum,  863. 
Baoterium,  532. 
Bfeonidium,  614. 
Berkeleya,  926. 
Biblarium,  806. 
Biddulphia,  847. 
Biddu^hiea,  846. 
Blephiuriama,  628. 
Bodo,  496. 
Brachiotuea^  706. 
Brachionoa,  709. 
Brightwellia,  940. 
Bunaria,620. 

Cadium,  558. 
Calia,  529. 
Callidina,  701. 
Calodiscus,  802. 
Campjlodisous,  798. 
Carchenum,  588. 
CephaloBiphon,  670.     ■ 
CeratauluB,  846. 
Oeratddium,  642. 
Ceratiuin,  577. 
Oeratoneis,  782. 
Ceroomonaa,  497. 
Ch<efocerM,  860. 
Cluetooeroe,  861. 
Chntoglena,  676. 
Chietomonaa,  573. 
ChflBtonotuB,  661. 
Chstospira,  697. 
Chatotyphla,  675. 


Chilodon,  624. 
Chilomonas,  495. 
Chlamidodon,  646. 
ChlamjdocoocnB,  622. 
Chlamjdomonaa,  146,  621. 
Chromatium,  502. 
Chloraater,  494. 
Chlorogonium,  543. 
ChonemoDaa,  513. 

CiLIATA,  568. 

Cinetoofaiium,  630. 
Cladoeramma,  814. 
Clenodon,  684. 
Climacosphenia,  772. 
Cloateriom,  746. 
Cobalina^  671. 
Oocconeide^By  867. 
Oooooneis,  867. 
Coooonema,  877. 
Coocudina,  648. 
Ccelastrom,  755. 
CcQnomorpha,  597. 
Coladum,  644. 
OoUetonema,  926. 
Colepinoy  616. 
Ck>lep8,  616. 
Colpoda,  632. 
Oolobidium,  616. 
Cohodea,  631. 
Colurus,  698. 
Ck>noohili]B,  664. 
Corethiia,  663. 
Cornuspira,  668. 
Corycia,  650. 
Co8cinodi9cea,  827. 
Coacinodiflciu,  827. 
Coflmarium,  731. 
Coamooladiomf  752. 
Cothumia,  603. 
CraapedodiBcua,  831,  939. 
Crumenula,  611. 
Cryptcmonadina^  140,  605, 
CJryptoglena,  609. 
CiyDtomonaB,  607. 
Cyctidina,  671. 
C^didium,  497,  572. 
C^doglena,  690. 
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Cyclogramma,  630. 
Cyolotellm  811,  937. 
C^lindrothecsB,  940. 
Cymatopleura,  793,  940. 
djmheUA,  875. 
Cymhellea,  875. 
C^bosira,  875. 
Cyphidium,  555. 
CTphodem,  557. 

Dasydjtes,  661. 
Dendrofloma,  562. 
Denticula,  773. 
JkamidiacetB,  715. 
Jktmidita^  715. 
Desmidium,  723. 
DeBmogonium,  789. 
Diadeemis,  923. 
Diatoma,  778. 
Diatomacea,  756. 
Diatomea,  756. 
Diatomella,  810. 
Dickieia,  925. 
Picladia,  863. 
Dictyooha,  935. 
Dictyolampra,  813. 
Didymopnum,  723. 
Bifflugia,  553. 
Diglena,  687. 
Dileptua,  638. 
Dimeregramma,  790. 
Binema,  546. 
DinohrytnOy  546. 
Dinobryon,  547. 
Dinocharis,  698. 
BiophryB,  648. 
Diplax,  695. 
Biploneis,  892. 
Bipodina,  713. 
Bifloocephalus,  645. 
Bisoosira,  822. 
Biselmis,  511. 
Bisoma,606. 
Bistemma,  689. 
Bistiffnia,  544. 
Boddium,  744. 
Bonkinia,  920. 
BozoooocuB,  495. 
Brepanomonaa,  513. 

Emydium,  713. 
Enchelia,  605. 
Enchelys,  607. 
En<nronema,  879. 
EncUotya,  831. 
Enteroplea,  677. 
Entomoneia,  921. 
Entopyla,  810. 
Eosphora,  689. 
Ephelota,  562. 
Epipyxis,  546. 
Epistylis,  588. 
Epithemia,  759,  938. 
Eretee,501. 
Euaatamm,  728. 
Eucampia,  937. 


Euchlanidota,  693. 
Euchlanis,  695. 
Eudorina,  520. 
Euglena,  541. 
EugUnaa,  188,  538. 
Euglypha,  556. 
Eunotia,  762. 
EunoHea,  759. 
Eunotogramma,  860. 
Euodia,852. 
Euphyllodium,  772. 
Eupleuria,  809. 
Eupiotee,  646. 
Euphttna,  645. 
Eupoditcea,  842. 
EupodiacuB,  842,  938. 
Eutreptia,  546. 

Floscularia,  674. 
Fhsculariaa,  e66, 
Fragilaria,  776. 
Eraffilaried^  773. 
Frostulia,  924. 
Furcularia,  679. 

Gaatrochseta,  615. 
G^enicularia,  721. 
Gtephyria,  809. 
Glaucoma,  624. 
Glenodinium,  578; 
Glenomonun,  494. 
Glenophora,  662. 
Glceoooocus,  524. 
Gomphogramma,  806. 
Gomphonema,  886. 
GomphaneTnea,  886. 
Gonatozygon,  721. 
CK>mothecium,  864. 
Gonium,  152,  517. 
Grammatophora,  807. 
Grammonema,  777. 
Gromia,  556. 
GhTmaea,  503. 
Gyges,  516. 
Gyroaigina,  915. 

Habrodon,  614. 
Halionjx,  833. 
Haltena,  644. 
Hannodirua,  629. 
Heliopelta,  840. 
Hemiaulua,  851. 
Hemidisooa,  852. 
Herootheoa,  866. 
Heteromita,  499. 
Heteronema,  545. 
Heterostephania,  833. 
Hexamita,  499. 
Himantidium,  765. 
Himantophorus,  646* 
Hirmidium,  528. 
Holophrva,  612. 
HomoBooladia,  784. 
Hyalodiacua,  814. 
Hyaloaira,  804. 
KjtdoiheoA,  722. 


HydatmA,677. 
HifdatvMBO^^. 
H^dria8,701 
HydromoTWB^  503. 
Hydroaen,  S52L 

Icktkydina,  660. 
Ichthydium.  661. 
InaUella,  827. 
851. 


Eerona,  642. 
Eolpoda,632. 
Kolpodea,  631. 
KondyloBtoma,  627. 

Labidodon,  682. 
Lacemata,  924. 
Ladnularia,  670l 
LaCTymaria,  609. 
Lageaiella,  509. 
LagODophiyB,  604. 
liigotia,  605. 
Lagynis,  558. 
Larella,  712. 

Lenifaadion,  629. 
LepadeUa,691 
Leptocyrtinema,  722. 
LeucopfaiTB,  571, 610L 
licmopbm,  771. 
Licmopkortm,  ied. 
Timniaa,  670. 
Lmdia,693. 
liosipbon,  626. 
lioetephanla,  813. 
liparogyra,  823. 
LUliodesmium,  937. 
Loxodee,  619. 
Loxophyllmn,  639L 
Lyaicyolia,  81& 

Macrobiotufl,  714. 
Mallomonas,  501. 
Maatigooerca,  695. 
Maatogloia,  924. 
Maatogonia,  813w 
Megalotrodia,  665. 
Megalotroek^a,^^ 
Mesatricha,  614. 
M^certa,672. 
Melo8ira,815. 
AT^/^wtrea,  810 
Menoidium,  50^ 
Meridiem,  766. 
Meridioii,  767. 
Mesooena,  936. 
Metallacter,  537. 
Metopidia,  699. 
Micrasteriaa,  725. 
Microoodon,  665. 
Microglena,  493. 
Mioromega,  929. 
Miorotheca,  9S7. 
MUnenum,  714. 
Mitophora,  644 
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Monadina,  190,  485. 
Monas,  489. 
Monema,  927. 
Monocerca,  680. 
Monograpuna,  875. 
Monouibis,  704. 
MonosfcyK  695. 
Monura,  698. 

Naasula,625. 
Naunema,  927. 
NaviciJa,  892,  938. 
Naviculeay  892. 
Nitzadua,  779,  940. 
Noteufl,  707. 
Notogonia,  700. 
Notommata,  681. 

Octoglena,  690. 
Odontidium,  775. 
Odontodiflcus,  832. 
CEcistes,  663. 
(Ec-isfi7ia,  663. 
Omphalopelta,  841. 
Omphalotheca,  865. 
Oncoephenia,  768. 
Opalina,  569,  627. 
Opaltntsa,  569. 
Opercularia,  592. 
Ophidomonas,  509. 
Ophrydina^  598. 
Ophrydium,  599. 
Cfphryocercina^  630. 
Ophi^odendpon,  568. 
Ophi^oglena,  638. 
OpiBthiotricha,  614. 
Otostoma,  639. 
Oxytricha,  640. 
Oxt/trichina,  639. 
Oxyrrhis,  512. 

Pamphagus,  551. 
Pandorina,  157,  517. 
Panopbrys,  627. 
Pantotrichum,  573. 
Paramecium,  634. 
Pcdiastrea,  24,  752. 
Pediaatrum,  754. 
Pelecida,  629. 
Penium,  750. 
Peranema,  545. 
Peridiniaa,  574. 
Peridinium,  576. 
Periptera,  865. 
Periatephania,  824. 
Perithjra,  842. 
Peromum,  501. 
Phacelomonas,  494. 
Phacotus,  513. 
Phacus,  511. 
PhiaUna,  623. 
Philodina,  705. 
Philoditusa,  700. 
Phlyctaenia,  925. 
Phytozoa,  485. 
Pinnukria,  892. 


Plagiognatha,  692. 
Plagiogramma,  773. 
Plagiotoma,  571,  627. 
Pleurodesmium,  860. 
Pleuromonas,  502. 
Pleuronema,  639. 
Pleurcwiphonia,  915. 
Pleuroaigma,  915. 
Pleurotrocba,  679. 
Ploeotia,  512. 
Ploesconia,  647. 
Podocystis,  772. 
PodocUscuB,  815. 
Podophrya,  661. 
Podoaira,  815,  938. 
Podosphenia,  769. 
Polyarthra,  686. 
Polyselmia,  540. 
Polytoma,  504. 
Pompbolyx,  712. 
Porocydia,  823. 
Porpeia,  850. 
Prorooentrum,  609. 
Prorodon,  612. 
Prorostauros,  915. 
Protozoa,  199, 647. 
Pseudo-difiugia,  567. 
Pterodina,  711. 
Ptygura,  661. 
Ptyxidium,  616. 
Pyiidicula,  824. 

Rattulufl,  688. 
Khabdomonas,  603. 
Khabdonema,  804. 
Bbapbido^lcBEi,  926. 
Rbaphoneis,  791. 
Bbipidophora,  769. 
Khizopoda,  243. 
Bbizonotia,  885. 
RbizoBolenia,  865. 
Rotatouia,  392,  649. 
Eotifer,  702. 

Salpina,  697. 
Sacculus,  662. 
Scandium,  686. 
Scenodesmus,  753. 
Sceptroneis,  772. 
Schizonema,  927. 
SckiJsoneme<e,  924. 
Scyphidia,  596. 
Siagontherium,  614. 
Sorastrum,  755. 
Spaibidium,  611. 
SpbsBToeira,  524. 
Sphcerozosma,  723. 
Sphenella,  886. 
Spbenodeiia,  557. 
Spbenosira,  892. 
Spirillina,  554. 
Spirillum,  533. 
Spirocbasta,  533. 
Spirochona,  598. 
Spirodiscus,  537. 
Spiromonas,  6C^. 


Spirostomum,  622. 
Spirotaenia,  751. 
Spondylomorum,  505. 
Spondylosium,  724. 
Sporonema,  537. 
Squamella,  700. 
Squamulina,  658. 
Staurastrum,  737. 
Staurogramma,  915. 
Stauroneis,  911. 
Stauroptera,  911. 
Staurosira,  791. 
Stentor,  581. 
Stephanoceros,  668. 
Stephanodiscus,  823. 
Stephanogonia,  814. 
Stephanoma,  629. 
Stepbanops,  699. 
Stepbanopyxia,  826. 
StepbanoBira,  823. 
Stepbanosphsera,  164,  { 
Stichotricba,  644. 
Stigmaphora,  923. 
StnateUa,  803. 
StriatelUtB,  803. 
Stylobiblium,  806. 
Stylonychia,  643. 
SurireUa,  794. 
Surirellea,  783,  940. 
Symbolophora,  833. 
Synapbia,  528. 
Synchaeta,  685. 
Syncpypta,  619. 
Syn^ciia,  879. 
Syndendrium,  866. 
Synedra,  786. 
8f/nedre<By  940. 
Synura,  519. 
Syringidium,  866. 
Systepbania,  832. 

Tabellaria,  807. 
Taphrocampa,  692. 
Tardigbapa,  713. 
Tardi^ada,  714. 
Terpamoo,  859. 
Terpsinoea,  858. 
Teaaella,  804. 
Tetmemorua,  746. 
Tetracbaatrum,  724. 
Tefracyclua,  806. 
Tetramitua,  601. 
Tetpaaipbon,  713. 
Tbeorua,  690. 
Tintimiua,  600. 
Toxonidia,  920. 
Trackelina,  616. 
Tracbeliue,  618. 
Trachelooerca,  630. 
TraobelomoTiaa,  510. 
Trepomonaa,  499. 
Triarthra,  688. 
Triceratium,  853,  939. 
Tricboda,  608. 
Tricbo^a,  683. 
TricbodiacuB,  661. 
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Trichomonas,  500. 
Trmema,556. 
TriophtkalmuB,  689. 
TriplocoTM,  747. 
Tryblionella,  792. 
Tiypemonas,  513. 
Turbanella,  381. 
Tubioolaria,  668. 
Typhlina,  702. 

UroeoUuria,  596. 
Urooentrum,  585. 


VroeleoA,  520. 
Uroteptus,  637. 
Uronema,  615. 
Urostyla.  643. 
Uvella,492. 

Yaginioolii,  601. 
Vaffinifera^  598. 
Vibrio,  532. 
Vibrtonia,  184,  529. 
Folvocina,  144,  514. 
VoItox,  180,  526. 


VorticcUa,  SeS. 
rorUcdlina,blX 

XanUudiuDi,  7^ 
Xanthiopfxia,  836u 

Zoo^QBa,537. 
Zootoin»,563. 
Zoothainimixn.  394. 
Z jgooeroa,  850L 
Zygooelmis,  bW. 
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